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      Latest Science News

      Breaking science news and articles on global warming, extrasolar planets, stem cells, bird flu, autism, nanotechnology, dinosaurs, evolution -- the latest discoveries in astronomy, anthropology, biology, chemistry, climate and environment, computers, engineering, health and medicine, math, physics, psychology, technology, and more -- from the world's leading universities and research organizations.


      
        Satellites observe glacier committing 'ice piracy'
        A glacier in Antarctica is committing 'ice piracy' -- stealing ice from a neighbor -- in a phenomenon that has never been observed in such a short time frame, say scientists.

      

      
        One glass, full color: Sub-millimeter waveguide shrinks AR glasses
        Augmented-reality (AR) technology is rapidly finding its way into everyday life, from education and healthcare to gaming and entertainment. However, the core AR device remains bulky and heavy, making prolonged wear uncomfortable. A breakthrough now promises to change that. A research team has slashed both thickness and weight using a single-layer waveguide.

      

      
        Waxing and waning prairie: New study unravels causes of ancient climate changes
        A long period of drought in North America has been recognized by scientists for decades. A new study links the severe climate to a change in Earth's orbit.

      

      
        Robotic dog mimics mammals for superior mobility on land and in water
        A team of researchers has unveiled a cutting-edge Amphibious Robotic Dog capable of roving across both land and water with remarkable efficiency.

      

      
        All of the biggest U.S. cities are sinking
        A new study of the 28 most populous U.S. cities finds that all are sinking to one degree or another. The cities include not just those on the coasts, where relative sea level is a concern, but many in the interior. Furthermore, using newly granular data, the study finds that some cities are sinking at different rates in different spots, or sinking in some places and rising in others, potentially introducing stresses that could affect buildings and other infrastructure.

      

      
        AI-designed DNA controls genes in healthy mammalian cells for first time
        A recent study marks the first reported instance of generative AI designing synthetic molecules that can successfully control gene expression in healthy mammalian cells. As a proof-of-concept, the authors of the study asked the AI to design synthetic fragments which activate a gene coding for a fluorescent protein in some cells while leaving gene expression patterns unaltered. They created the fragments from scratch and dropped them into mouse blood cells, where the sequence fused with the genome...

      

      
        Non-inherited genes affect children's development
        Parents' genes -- even when not directly inherited by a child -- may play a role in their educational and mental health outcomes, finds a new report.

      

      
        Discovery of dopamine receptors in a previously overlooked part of the brain sheds light on the complex circuitry for anxiety and depression
        Researchers have discovered distinct roles for two dopamine receptors located on nerve cells within the portion of the brain that controls approach vs. avoidance behavior.

      

      
        Insights on preventing organ transplant rejection
        Researchers identified a natural 'brake' within the innate immune system: the inhibitory receptor Siglec-E (SigE) and its human counterparts, Siglec-7 and Siglec-9. This receptor helps prevent overactivation of immune cells that drive rejection. When this brake is missing, inflammation worsens, leading to faster rejection in preclinical models. Importantly, transplant patients with higher levels of Siglec-7 and Siglec-9 showed better graft survival, highlighting this pathway as a promising target...

      

      
        Biologists create a one-stop shop for world's most charismatic plants, ferns
        Biologists have create a web portal for the world's most charismatic plants, ferns.

      

      
        Dual-action approach targeting inflammation shows potential as Type 1 diabetes treatment
        A new strategy may help prevent or slow the progression of Type 1 diabetes.

      

      
        Warming climate making fine particulate matter from wildfires more deadly and expensive
        Scientists say human-caused climate change led to 15,000 additional early deaths from wildfire air pollution in the continental United States during the 15-year period ending in 2020.

      

      
        Are you curious? It might help you stay sharp as you age
        Psychology literature has shown that curiosity tends to decline with age. Psychologists shows one type of curiosity can increase well into old age, contradicting prior research. Older adults who maintain curiosity and want to learn new things relevant to their interests may be able to offset or even prevent Alzheimer's disease. Conversely, those who show muted curiosity and disinterest may be at risk for dementia.

      

      
        Feat of 'dung-gineering' turns cow manure into one of world's most used materials
        A new technique to extract tiny cellulose strands from cow dung and turn them into manufacturing-grade cellulose, currently used to make everything from surgical masks to food packaging, has been developed.

      

      
        A pipette that can activate individual neurons
        Researchers have developed a new type of pipette that can deliver ions to individual neurons without affecting the sensitive extracellular milieu. Controlling the concentration of different ions can provide important insights into how individual brain cells are affected, and how cells work together. The pipette could also be used for treatments.

      

      
        Transforming hospital sanitation: Autonomous robots for wiping and UV-C disinfection
        A research team develops disinfection robot combining physical wiping and UV-C sterilization.

      

      
        Groundbreaking device instantly detects dangerous street drugs, offering hope for harm reduction
        Groundbreaking device instantly detects dangerous street drugs, offering hope for harm reduction A portable device that instantly detects illicit street drugs at very low concentrations, thereby highlighting the risks they pose. The device has the potential to address the growing global problem of people unknowingly taking drugs that have been mixed with undeclared substances, including synthetic opioids such as fentanyl and nitazenes.

      

      
        Viruses under the super microscope: How influenza viruses communicate with cells
        Influenza viruses are among the most likely triggers of future pandemics. A research team has developed a method that can be used to study the interaction of viruses with host cells in unprecedented detail. With the help of their new development, they have also analyzed how novel influenza viruses use alternative receptors to enter target cells.

      

      
        New algorithms can help GPs predict which of their patients have undiagnosed cancer
        Two new advanced predictive algorithms use information about a person's health conditions and simple blood tests to accurately predict a patient's chances of having a currently undiagnosed cancer, including hard to diagnose liver and oral cancers. The new models could revolutionize how cancer is detected in primary care, and make it easier for patients to get treatment at much earlier stages.

      

      
        The world's wealthiest 10% caused two thirds of global warming since 1990
        Wealthy individuals have a higher carbon footprint. A new study quantifies the climate outcomes of these inequalities. It finds that the world's wealthiest 10% are responsible for two thirds of observed global warming since 1990 and the resulting increases in climate extremes such as heatwaves and droughts.

      

      
        New study tracks air pollution and CO2 emissions across thousands of cities worldwide
        In a sweeping new study of more than 13,000 urban areas worldwide, researchers have mapped air pollution levels and carbon dioxide emissions, providing comprehensive global analysis of urban environmental quality.

      

      
        A 'roadmap' of the fruit fly brain
        Researchers have gained comprehensive insights into the entire nervous system of the fruit fly (Drosophila melanogaster). The study describes in detail the neurons that span the entire nervous system of the adult fruit fly. The researchers also compared the complete set of neural connections (the connectome) in a female and a male specimen -- and identified differences.

      

      
        The atmospheric memory that feeds billions of people: Newly discovered mechanism for monsoon rainfall
        Across the globe, monsoon rainfall switches on in spring and off in autumn. Until now, this seasonal pattern was primarily understood as an immediate response to changes in solar radiation. A new study shows that the atmosphere can store moisture over extended periods, creating a physical memory effect. It allows monsoon systems to flip between two stable states. Disrupting this delicate balance, would have severe consequences for billions of people in India, Indonesia, Brazil and China.

      

      
        Losing a parent may increase children's risk of being bullied
        A new study surveyed 21,000 children in China and found that the association between parental bereavement and school bullying varied by sex of the child and deceased parent, age when the death occurred, and geographical area. Adolescents in rural areas, girls, and older youth (ages 13-17) were at higher risk of bullying after either parent died.

      

      
        Is virtual-only couture the new clothing craze?
        As fast fashion continues to fill wardrobes and landfills at a staggering pace, new research suggests that the future of fashion might lie not in fabric, but in pixels.

      

      
        Scientists discover the genes that influence when babies start walking
        The age at which babies take their first steps is strongly influenced by their genes, according to new research. Scientists analyzed the genetic information of more than 70,000 infants. They identified 11 genetic markers influencing when babies start walking, thus offering multiple targets for future in-depth biological investigation.

      

      
        Knowing your Alzheimer's risk may ease anxiety but reduce motivation for healthy habits
        Learning about one's risk for Alzheimer's disease may not lead to emotional distress, but motivation to maintain healthy lifestyle changes tends to fade over time, even in people at high risk, according to a new study.

      

      
        Klotho: A protein that promotes healthy aging and improves longevity
        An international study has shown that increasing levels of the Klotho protein in mice extends lifespan and improves both physical and cognitive health when aging.

      

      
        Pioneering research reveals tree-mendous potential of inexpensive drones to help community forests flourish and unlock restoration funding
        New research has shown how small, inexpensive drones combined with free, open source software can be used by community forest organizations to calculate and monitor the amount of carbon stored in their forests.

      

      
        Specialized face mask can detect kidney disease with just your breath
        Surgical face masks help prevent the spread of airborne pathogens and therefore were ubiquitous during the COVID-19 pandemic. Now, a modified mask could also protect a wearer by detecting health conditions, including chronic kidney disease. Researchers incorporated a specialized breath sensor within the fabric of a face mask to detect metabolites associated with the disease. In initial tests, the sensor correctly identified people with the condition most of the time.

      

      
        Stellar collapse and explosions distribute gold throughout the universe
        Magnetar flares, colossal cosmic explosions, may be directly responsible for the creation and distribution of heavy elements across the universe, suggests a new study.

      

      
        Fewer parasites in the Indian River lagoon signal big ecosystem problems
        Parasites are crucial indicators of ecosystem health, and their absence can signal trouble. Once pristine, Florida's Indian River Lagoon (IRL) now faces pollution and algal blooms that have damaged essential habitats like seagrass beds. New research finds parasite levels in the IRL are significantly lower than in comparable ecosystems worldwide -- 11% lower overall and 17% lower for larval parasites requiring multiple hosts. This sharp decline suggests a disrupted food web likely caused by pollut...

      

      
        Risk groups for type 2 diabetes can also be identified at an older age
        A recent study found that six cardiometabolic risk groups previously identified in middle-aged individuals can also be applied to older adults without diabetes. Using data from the KORA F4/FF4 study of people aged 61 to 82, researchers identified clusters with varying risks of developing type 2 diabetes and related complications. One cluster, marked by high inflammatory load and insulin-resistant fatty liver, showed particularly high risk. The study highlights the importance of personalized risk ...

      

      
        New roadmap advances catalytic solutions to destroy 'forever chemicals'
        Researchers have outlined a bold new roadmap for harnessing heterogeneous catalysis to destroy per- and polyfluoroalkyl substances (PFAS), the so-called 'forever chemicals' that have contaminated water supplies worldwide.

      

      
        Junk food for thought: Landmark study directly links ultra-processed foods to poor health
        A landmark study exploring consumption of chips, frozen pizzas, breakfast cereals and other ultra-processed foods typically loaded with fat, sugar and additives has confirmed these foods are directly and significantly linked to poor health outcomes.

      

      
        AI-human task-sharing could cut mammography screening costs by up to 30%
        The most effective way to harness the power of artificial intelligence when screening for breast cancer may be through collaboration with human radiologists -- not by wholesale replacing them, says new research.

      

      
        NFL players more likely to injure knee after shorter rest period
        National Football League (NFL) players may be more likely to sustain a specific type of knee injury if they have a shorter period of rest between games.

      

      
        Physicists snap the first images of 'free-range' atoms
        Physicists captured the first images of individual atoms freely interacting in space. The pictures reveal correlations among the 'free-range' particles that until now were predicted but never directly observed.

      

      
        Smart spongy device captures water from thin air
        Engineers have invented a sponge-like device that captures water from thin air and then releases it in a cup using the sun's energy, even in low humidity where other technologies such as fog harvesting and radiative cooling have struggled. The water-from-air device remained effective across a broad range of humidity levels (30 -- 90%) and temperatures (5 -- 55 degrees Celsius).

      

      
        Triassic fossil reveals nature's best jaw for hunting fast fish
        Newly discovered species of extinct fish shows striking similarities to unrelated modern-day predators, suggesting certain traits have emerged multiple times and remained consistent over hundreds of millions of years.

      

      
        Smart lactation pads can monitor safety of breast milk in real time
        Scientists have developed a lactation pad equipped with sensing technology that allows parents of newborns to monitor breast milk in real time. The device is capable of ensuring that breast milk contains safe levels of the painkiller acetaminophen, which is often prescribed after childbirth and can be transferred to breastfeeding infants.

      

      
        Piecing together the brain puzzle
        Our brain is a complex organ. Billions of nerve cells are wired in an intricate network, constantly processing signals, enabling us to recall memories or to move our bodies. Making sense of this complicated network requires a precise look into how these nerve cells are arranged and connected. A new method makes use of off-the-shelf light microscopes, hydrogel and deep learning.

      

      
        Birds form bonds that look a lot like friendship
        A study of starlings in Africa shows that they form long-term social bonds similar to human friendships.

      

      
        Comb jellies reveal ancient origins of animal genome regulation
        Life depends on genes being switched on and off at exactly the right time. Even the simplest living organisms do this, but usually over short distances across the DNA sequence, with the on/off switch typically right next to a gene. This basic form of genomic regulation is probably as old as life on Earth. A new study finds that the ability to control genes from far away, over many tens of thousands of DNA letters, evolved between 650 and 700 million years ago. It probably appeared at the very daw...

      

      
        Climate change: Future of today's young people
        Climate scientists reveal that millions of today's young people will live through unprecedented lifetime exposure to heatwaves, crop failures, river floods, droughts, wildfires and tropical storms under current climate policies. If global temperatures rise by 3.5 C by 2100, 92% of children born in 2020 will experience unprecedented heatwave exposure over their lifetime, affecting 111 million children. Meeting the Paris Agreement's 1.5 C target could protect 49 million children from this risk. This is only for one birth year;...

      

      
        Teens driving older vehicles have increased risk for fatal crashes
        Researchers reviewed US national fatal crash data (2016-2021) and examined the vehicle age and driver assistance technologies of vehicles driven by teen and middle-aged drivers, and their associations with driver deaths during fatal crashes.

      

      
        AI model improves delirium prediction, leading to better health outcomes for hospitalized patients
        An artificial intelligence (AI) model improved outcomes in hospitalized patients by quadrupling the rate of detection and treatment of delirium. The model identifies patients at high risk for delirium and alerts a specially-trained team to assess the patient and create a treatment plan, if needed.

      

      
        Childhood brain tumors develop early in highly specialized nerve cells
        Medulloblastomas, brain tumors in children, are thought to develop between the first trimester of pregnancy and the end of the first year of life. Researchers have now analyzed the genetic changes of each individual cancer cell in tumor samples in order to reconstruct which genetic changes occur first during tumor development and when.

      

      
        A new class of molecules against cancer cells refractory to standard treatments
        A new class of molecules capable of killing the cancer cells that are refractory to standard treatments and responsible for recurrence has just been developed. This crucial advance in the fight against metastatic cancer is based on identifying the cellular site for ferroptosis initiation, a natural process, catalyzed by iron, that sparks the oxidative degradation of cell membranes.

      

      
        Neuroscientists pinpoint where (and how) brain circuits are reshaped as we learn new movements
        Brain researchers have identified a bridge between the thalamus and the cortex as the key area that is modified during motor learning functions. They found that such learning does much more than adjust activity levels, it sculpts the circuit's wiring, refining the conversation between brain regions.
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Satellites observe glacier committing 'ice piracy' | ScienceDaily
A glacier in Antarctica is committing "ice piracy" -- stealing ice from a neighbour -- in a phenomenon that has never been observed in such a short time frame, say scientists. 


						
This activity was previously believed to take place over hundreds or even thousands of years. 

However, high-resolution satellite observations reveal one huge glacier has been relentlessly pinching ice from its slower-moving neighbour over a period of less than 18 years.

University of Leeds researchers say it is unprecedented that this change in ice flow direction can be directly witnessed in Antarctica over such a short time span and its discovery is an important step in improving our understanding of the future of Antarctica and its contribution to sea level rise.  

Their findings are published today (8 May) in the journal The Cryosphere.

A study, led by Leeds, shows the speeding up of seven ice streams in West Antarctica, with one almost doubling in speed (87%) at the boundary where the ice meets the ocean between 2005 and 2022, and three speeding up by between 60% and 84% during that time. Six of the streams reached average speeds of over 700 metres per year in 2022 -- equivalent to advancing the length of seven football pitches in one year, a remarkably fast pace for ice.

The team used satellite data to measure the change in ice speed in the Pope, Smith and Kohler (PSK) region in West Antarctica.   

They found the ice streams had sped up by 51% on average since 2005, at the grounding line -- the point at which glaciers and ice shelves start to float. Grounding lines provide evidence of ice-sheet instability, because changes in their position reflect imbalance with the surrounding ocean and affect the flow of inland ice. 




However, the research team found that one piece of data was particularly striking. 

In stark contrast to the widespread acceleration observed between 2005 and 2022 on all other glaciers in the region, the ice stream on Kohler West slowed by 10%. The fastest rate of speed change was observed on its neighbour, Kohler East, as well as Smith West Glacier, which were flowing around 560 m/yr faster in 2022 compared to 2005. 

Nowadays, several glaciers around Antarctica are responding to climate change by flowing faster into the ocean. When the flow of a glacier speeds up, its ice becomes more stretched and thins at the same time, yet the Kohler West ice stream has slowed down.

Lead author Dr Heather Selley, who undertook this work as a PhD researcher in the School of Earth and Environment at the University of Leeds, said: "We think that the observed slowdown on Kohler West Glacier is due to the redirection of ice flow towards its neighbour -- Kohler East. This is due to the large change in Kohler West's surface slope, likely caused by the vastly different thinning rates on its neighbouring glaciers.  

"Because Kohler East's ice stream is flowing and thinning faster as it travels, it absorbs, or "steals" ice from Kohler West. 

"This is effectively an act of 'ice piracy', where ice flow is redirected from one glacier to another, and the accelerating glacier is essentially 'thieving' ice from its slowing neighbour." 

She added: "We didn't know ice streams could 'steal' ice from each over such a short period, so this is a fascinating discovery. 




"It's unprecedented as we're seeing this from satellite data and it's happening at a rate of under 18 years, whereas we've always thought it was this extremely long, slow process." 

International collaboration

The team calculated the ice velocity using a tracking technique which measures the displacement of visible features at or near the ice surface, such as crevasses or rifts.  Data on ice-thinning rates from the European Space Agency's (ESA) CryoSat mission was also used in the study.

Leeds collaborated on the study with researchers from the British Antarctic Survey (BAS) and the UK Centre for Polar Observation and Modelling (CPOM) -- which is led from Northumbria University -- using data provided by satellites belonging to ESA, Japan Aerospace Exploration Agency, Canadian Space Agency and NASA.  

Pierre Dutrieux, study co-author and climate researcher at BAS, said: "This study provides an interesting demonstration of ice piracy, where flow into one glacier gradually switches to flow into another glacier, as the ocean melts the grounding zone and re-configures ice flow." 

The team set out to establish mechanisms and impact of changes in conditions that impact how fast the ice flows, such as warming of the ocean, change in ocean circulation, change in air temperature and the amount of snow falling. 

They found that redirection of ice flow and 'piracy' at previously unobserved rates has changed the amount of ice flowing into the floating shelves that are fed by these streams. 

Crosson Ice Shelf, around 40 miles wide -- roughly the distance from Leeds to Manchester -- and Dotson Ice Shelf, around 30 miles wide -- roughly the distance from Leeds to York -- are two of the most rapidly changing outlets in West Antarctica, displaying both significant thinning and grounding-line retreat in recent decades.  

Future effects

Professor Anna Hogg, study co-author and Professor of Earth Observation in the School of Earth and Environment at the University of Leeds, said: "The changes in flow direction have substantially altered the ice mass flux into Dotson and Crosson Ice Shelves, likely playing an important role in maintaining Dotson and accelerating the deterioration of Crosson.  

"This suggests that ice flow redirection is an important new process in contemporary ice sheet dynamics, which is required to understand present-day structural change in glaciers and the future evolution of these systems."  

Over 410 million people could be at risk from rising sea levels by 2100 as a result of the climate crisis. Observed sea level rise data shows that global sea levels have already risen by more than 10 cm over the last decade.  

Dr Martin Wearing, ESA Digital Twin Earth Scientist and Polar Science Cluster Coordinator, said: "This new study highlights the unique ability of satellites to provide both the temporal and spatial coverage required to assess change in the polar regions.

"Using data from Copernicus Sentinel-1 and ESA's Earth Explorer CryoSat, the team has revealed the complex evolution of ice flow in part of West Antarctica over the past few decades. Understanding these changing dynamics and what drives them is crucial for improved projections of future ice-sheet change and contributions to sea-level rise."

The research was funded by UKRI Natural Environment Research Council (NERC), ESA and NASA Headquarters. 
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One glass, full color: Sub-millimeter waveguide shrinks AR glasses | ScienceDaily
Augmented-reality (AR) technology is rapidly finding its way into everyday life, from education and healthcare to gaming and entertainment. However, the core AR device remains bulky and heavy, making prolonged wear uncomfortable. A breakthrough from POSTECH now promises to change that.


						
One of the main hurdles to the commercialization of AR glasses has been the waveguide. In AR optics, the lens itself also serves as a "highway of light," guiding virtual images directly to the user's eye. Due to chromatic dispersion, conventional designs have required separate waveguide layers for red, green, and blue light -- three to six stacked glass sheets -- inevitably increasing both weight and thickness.

Professor Junsuk Rho and colleagues at POSTECH have eliminated the need for multiple layers by developing an achromatic metagrating that handles all colors in a single glass layer. The key is a array of nanoscale silicon-nitride (Si?N?) pillars whose geometry was finely tuned by a stochastic topology-optimization algorithm to steer light with maximum efficiency.

In experiments, the researchers produced vivid full-color images using a 500-mm-thick single-layer waveguide -- about one-hundredth the diameter of a human hair. They also secured a comfortable 9-mm eyebox, ensuring images remain sharp even if the viewer's eye shifts slightly.

The new design erases color blur while outperforming multilayer optics in brightness and color uniformity. Once commercialized, this technology could make AR glasses as thin and light as ordinary eyewear, reducing wearer fatigue and trimming manufacturing costs thanks to a simpler process. The era of truly everyday AR is a step closer.

"This work marks a key milestone for next-generation AR displays," said Prof. Rho. "Coupled with scalable, large-area fabrication, it brings commercialization within reach."

The study, authored by Junsuk Rho (corresponding author, POSTECH), Seokwoo Kim, Joohoon Kim, and Seokil Moon, was carried out by POSTECH's Departments of Mechanical, Chemical and Electrical Engineering and the Graduate School of Interdisciplinary Bioscience & Bioengineering, in collaboration with the Visual Team at Samsung Research. It was published online on April 30, 2025 in Nature Nanotechnology. This research was supported by POSCO Holdings N.EX.T Impact, Samsung Research, the Ministry of Trade, Industry and Energy's Alchemist Project, the Ministry of Science and ICT's Global Convergence Research Support Program, and the Mid-Career Researcher Program.
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Waxing and waning prairie: New study unravels causes of ancient climate changes | ScienceDaily
A long period of drought in North America has been recognized by scientists for decades. A new study links the severe climate to a change in Earth's orbit.


						
A new study from the University of Helsinki has provided a compelling new explanation for the devastating droughts which have taken place in North America thousands of years ago.This period, known as the Holocene, covers the time of generally warm climate following the last ice age. These exceptionally long-lasting droughts had drastic impacts on forest dieback and ecosystem transformations; understanding their causes is essential to improving societal resilience to future climate variations.

The reasons for these long droughts, however, have remained obscure. In the new study published in Nature Communications, University of Helsinki researchers, joined by co-authors from U.S., German and Swedish research institutions, analyse the development and causes of the drought in eastern North America, in a broad region spanning from the Rocky Mountains to the Atlantic Ocean.

"Evidence from the last 11,000 years highlights that North American water supplies have changed dramatically in the past, at times extending drought as severe as the 1930s Dust Bowl drought for centuries to millennia. Understanding the causes and consequences of these droughts can help improve our ability to anticipate future change," explains Bryan Shuman, co-author of the study from University of Wyoming.

In the new study, the researchers used datasets of fossil pollen grains, which have been recovered from numerous locations in North America over the past several decades. Using a computer algorithm based on machine learning, the researchers were able to reconstruct the variation of moisture levels over the Holocene based on the fossil pollen.

The study was led by J. Sakari Salonen, an Academy of Finland research fellow at the Department of Geosciences and Geography, at University of Helsinki. According to Salonen, the study confirms that the moisture conditions were continuously below modern levels for thousands of years.

Salonen notes, however, that different parts of North America experienced different drought histories. "The dry conditions first kick in in the northeastern U.S. and the nearby regions of Canada, which is today one of the wetter regions of North America. Here, we see peak drought already at 11,000 years ago," says Salonen.




The drought, then, shifts west. Salonen explains: "In the mid-continent, where we have modern prairie region, we see most severe drought at about 7,000 years ago, so thousands of years later than at the Atlantic coast. By this time, the Atlantic coast was already getting wetter, and it's like the entire climate anomaly causing the thousands-of-years long drought started migrating westward."

"Particularly in the eastern US, there's often a perception today that water is always available. However, studies of the past show that these long droughts can trigger major shifts in fire regime and tree die-offs, even in the east. So it's critical to understand the spatial patterns of these droughts and their causes," says Jack Williams from University Wisconsin-Madison, who also contributed to the study.

The researchers compared their Holocene climate reconstructions to numerical climate simulations which they ran for the same time periods. These supercomputer experiments allowed the scientists to explore what could have caused the long droughts.

Frederik Schenk, atmospheric physicist at Stockholm University and visiting scientist at University of Helsinki, tells that the new generation of climate models, performed at 2-4 times greater resolution than before, proved decisive in unravelling the causes of the drought.

The causes revealed by the climate simulations, tells Schenk, are two-fold. "The simulations show that in the early Holocene, the high-pressure system at the ice sheet, remaining in the northern part of the continent, steered moisture transport, which explains the geographic shift in dry conditions," says Schenk. After the ice sheet melted, drought set in across the entire region, as summers got increasingly warm and dry.

The Holocene drought has interesting parallels with the future climate that is expected to take hold in North America over the next decades, as anthropogenic climate change progresses. By the end of this century, most of North America is projected to become increasingly dry, despite gradually increasing precipitation. This is because the increase in evaporation, due to the warming climate, is predicted to dry out surface soils even as rainfall increases.




The researchers note that this is exactly what they see in their simulations of the Holocene drought. "Overall, a warmer climate will be wetter. But this doesn't apply to all regions. As seen in our results, there are clear regional limits of how much rain can be delivered to balance the warming-driven evaporation. For the strong summer warming in the past, it just didn't add up, giving way to millennia-long droughts," explains Schenk.

However, the underlying causes of the past and future drought are different. In the early Holocene, drying was caused by a slow change in Earth's orbit, which caused summers to get warmer, finally pushing much of North America into drought. Now, the ongoing warming and the predicted drier conditions are due to the rapid increase in greenhouse gases in the atmosphere.

"If the climate projections for this century hold true, we're looking at a speed-run repeat of what happened, for natural causes, ten thousand years ago," says Salonen.

Changes in Earth's orbit drive long-term climate change

Long-term natural climate change is greatly affected by gradual changes in Earth's orbit. These changes, which impact for example the tilt of Earth's rotational axis and the shape of Earth's elliptical orbit around the Sun, are known as Milankovic cycles and have periodicities ranging from about 26,000 to 100,000 years.

During the Quaternary period (past 2.6 million years), the Milankovic cycles have caused repeated ice ages and intervening warm periods, known as interglacials. The peak of the last ice age, approximately 20,000 years ago, occurred when the northern hemisphere received comparatively little sunlight due to the geometry of the Earth's orbit, allowing large ice sheets to accumulate in the northern parts of North America and Europe.

By 10,000 years ago, a reversal in the orbit had melted much of the northern ice sheets, giving way to the Holocene, the current interglacial. During the period of greatest warmth around 10,000 to 4,000 years ago, known as the Holocene thermal maximum, many parts of the Earth were significantly warmer than during the preindustrial era. The new results of University of Helsinki researchers and their co-authors suggest that this warmth was also a key driver of the multi-millennial droughts in North America.

During the past millennia, Earth has been gradually cooling following the Holocene thermal maximum. This long-term climate trend has, however, been interrupted by the abrupt warming caused by the anthropogenic increase in greenhouse gases in the atmosphere. Following the warming in the past century, it is estimated that Earth is currently warmer than it has been in at least 100,000 years, as climatic variability has been forced out of its long-term natural cycle.

Funding

The study was funded by the Research Council of Finland, the Swedish Research Council for Sustainable Development (FORMAS), the Swedish Research Council (Vetenskapsradet), and the U.S. National Science Foundation.
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Robotic dog mimics mammals for superior mobility on land and in water | ScienceDaily
A team of researchers has unveiled a cutting-edge Amphibious Robotic Dog capable of roving across both land and water with remarkable efficiency. The study, published in IOP Publishing's Bioinspiration and Biometrics, was inspired by mammals' ability to move through water as well as on land.


						
Existing amphibious robots are largely inspired by reptiles or insects, and often face limitations in agility, dynamics, and load capacity. Basing the amphibious robot on the swimming style of dogs allows for it to easily transition between land and water and overcome many of the challenges faced by insect-inspired designs.

The amphibious robot paves the way for future applications in environmental research, military vehicles, rescue missions, and beyond.

To enhance its water mobility, the amphibious robotic dog features a unique paddling mechanism, modelled after the swimming motion of dogs. Careful engineering of its structure, including precise weight and buoyancy balance, ensures stable and effective aquatic performance.

The team developed and tested three distinct paddling gaits:
    	Two doggy paddle-inspired approaches optimised for speed and propulsion
    	A trot-like paddling style, designed for enhanced stability in water

Through extensive experimentation, the doggy paddle method proved superior for speed, achieving a maximum water speed of 0.576 kilometres per hour (kph), while the trot-like style prioritised stability. On land, the amphibious robotic dog reaches speeds of 1.26 kph, offering versatile mobility in amphibious environments.

"This innovation marks a big step forward in designing nature-inspired robots," says Yunquan Li, corresponding author of the study.

"Our robot dog's ability to efficiently move through water and on land is due to its bioinspired trajectory planning, which mimics the natural paddling gait of real dogs. The double-joint leg structure and three different paddling gaits address previous limitations such as slow swimming speeds and unrealistic gait planning, making the robotic dog much more effective in water."
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All of the biggest U.S. cities are sinking | ScienceDaily
A new study of the 28 most populous U.S. cities finds that all are sinking to one degree or another. The cities include not just those on the coasts, where relative sea level is a concern, but many in the interior. Furthermore, using newly granular data, the study finds that some cities are sinking at different rates in different spots, or sinking in some places and rising in others, potentially introducing stresses that could affect buildings and other infrastructure. Massive ongoing groundwater extraction is the most common cause of these land movements, say the authors, though other forces are at work in some places.


						
The study was published this week in the journal Nature Cities.

"As cities continue to grow, we will see more cities expand into subsiding regions," said lead author Leonard Ohenhen, a postdoctoral researcher at the Columbia Climate School's Lamont-Doherty Earth Observatory. "Over time, this subsidence can produce stresses on infrastructure that will go past their safety limit."

Rapidly subsiding coastal metropolises such as Jakarta, Venice and New Orleans have already drawn major attention, and multiple recent studies have shown that many places along the U.S. East Coast and elsewhere are subsiding. But most studies have relied on relatively sparse data spread over wide areas to paint a broad picture.

Looking at all U.S. cities with populations exceeding 600,000, the new study uses recent satellite data to map out vertical land movements down to the millimeter in grids measuring just 28 meters (about 90 feet) square. The authors found that in 25 of the 28 cities, two-thirds or more of their area is sinking. Overall, about 34 million people live in affected areas.

The fastest-sinking city is Houston, with more than 40% of its area subsiding more than 5 millimeters (about 1/5 inch) per year, and 12% sinking at twice that rate. Some localized spots are going down as much as 5 centimeters (2 inches) per year. Two other Texas cities, Fort Worth and Dallas, are not far behind. Some localized fast-sinking zones in other places include areas around New York's LaGuardia Airport, and parts of Las Vegas, Washington, D.C. and San Francisco.

In addition to measuring surface-elevation changes, the researchers analyzed county-level groundwater withdrawals for the affected areas. Correlating this with land movements, they determined that groundwater removal for human use was the cause for 80% of overall sinkage. Generally, this happens as water is withdrawn from aquifers made up of fine-grained sediments; unless the aquifer is replenished, the pore spaces formerly occupied by water can eventually collapse, leading to compaction below, and sinkage at the surface. In Texas, the problem is exacerbated by pumping of oil and gas, the paper says.




The researchers say that continued population growth and water usage combined with climate-induced droughts in some areas will likely worsen subsidence in the future.

In some areas, natural forces are at work. In particular, the weight of the towering ice sheet that occupied much of interior North America until about 20,000 years ago made the land along its edges bulge upward, somewhat like when one squeezes air from one part of a balloon to another. Even today, with the ice long gone, some of these bulges are still subsiding at rates of 1 to 3 millimeters each year. Affected cities include New York, Indianapolis, Nashville, Philadelphia, Denver, Chicago and Portland.

Even the sheer weight of buildings may be taking a toll. One 2023 study found that New York's more than 1 million buildings are pressing down on the Earth so hard that they may be contributing to the city's ongoing subsidence. A more recent separate study found that some buildings in the Miami area are sinking in part due to disruptions in the subsurface caused by construction of newer buildings nearby.

The new study found that eight cities (New York, Chicago, Los Angeles, Phoenix, Houston, Philadelphia, San Antonio and Dallas) account for more than 60% of the people living on sinking land. Notably, these eight cities have seen more than 90 significant floods since 2000, probably driven in part by lowering topography.

Another key finding: some cities are seeing differential motion, with adjoining localities sinking at different rates, or even sinking while other areas rise; the upward motion possibly caused by quick recharge of aquifers near rivers or other water sources. (Uplift in certain areas is actually more than compensating for overall sinkage in three cities: Jacksonville, Fla.; Memphis, Tenn. and San Jose, Calif.)

Differential motion is a problem because, as the authors point out, if a whole urban area is moving up or down evenly at the same rate, that minimizes the danger of stresses to building foundations and other infrastructure. But if structures are subjected to an array of uneven vertical movements, they can experience dangerous tilting.




"Unlike flood-related subsidence hazards, where risks manifest only when high rates of subsidence lower the land elevation below a critical threshold, subsidence-induced infrastructure damage can occur even with minor changes in land motion," the authors write.

The study found that only about 1% of the total land area in the 28 cities lies within zones where differential motion could affect buildings, roads, rail lines and other structures. However, these areas tend to be in the densest urban cores, and currently contain some 29,000 buildings. The most hazardous cities in this regard are San Antonio, where the researchers say 1 in 45 buildings are subject to high risk; Austin (1 in 71); Fort Worth (1 in 143) and Memphis (1 in 167).

The upshot for individual structures in these areas is unclear; it probably would require an even finer-grained study, said Ohenhen. An earlier study of 225 U.S. building collapses between 1989 and 2000 found that only 2% were directly attributable to subsidence. However, the factors behind 30% were designated unknown, suggesting that subsidence could have played a larger role, says the new study.

The paper concludes that cities should use this new information to focus on solutions. They say that in many places, flooding can be mitigated with land raising, enhanced drainage systems and green infrastructure such as artificial wetlands to absorb floodwaters. Cities susceptible to tilting hazards can focus on retrofitting existing structures, integrating land motions into building codes, and limiting new building in the areas of most threat.

"As opposed to just saying it's a problem, we can respond, address, mitigate, adapt," said Ohenhen. "We have to move to solutions."

The study was coauthored by researchers from Virginia Tech, the Netherlands Organisation for Applied Scientific Research, University of California Berkeley, Texas A&M University, University of Colorado Boulder, Brown University and United Nations University.
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AI-designed DNA controls genes in healthy mammalian cells for first time | ScienceDaily

The model then predicts which combination of DNA letters (A, T, C, G) are needed for the gene expression patterns required in specific types of cells. Researchers can then chemically synthesise the roughly 250-letter DNA fragments and add them to a virus for delivery into cells.

As a proof-of-concept, the authors of the study asked the AI to design synthetic fragments which activate a gene coding for a fluorescent protein in some cells while leaving gene expression patterns unaltered. They created the fragments from scratch and dropped them into mouse blood cells, where the sequence fused with the genome at random locations. The experiments worked exactly as predicted.

"The potential applications are vast. It's like writing software but for biology, giving us new ways of giving instructions to a cell and guiding how they develop and behave with unprecedented accuracy," says Dr. Robert Fromel, first author of the study who carried out the work at the Centre for Genomic Regulation (CRG) in Barcelona.

The study could lead to new ways for gene-therapy developers to boost or dampen the activity of genes only in the cells or tissues that need adjusting. It also paves the way for new strategies to fine-tune a patient's genes and make treatments more effective and reduce side effects.

The work marks an important milestone in in the field of generative biology. To date, advances in the field have largely benefited protein design, helping scientists create entirely new enzymes and antibodies faster than ever before. However, many human diseases stem from faulty gene expression that is cell-type specific, for which there might never be a perfect protein drug candidate.

Gene expression is controlled by regulatory elements like enhancers, tiny fragments of DNA which switch genes on or off. To fix faulty gene expression, researchers can comb through genomes looking for naturally-existing enhancers that happen to suit their needs, limiting themselves to the sequences evolution has produced.




AI-generated enhancers can help engineer ultra-selective switches that nature has not yet invented. They can be designed to have exactly the on/off patterns required in specific types of cells, a level of fine-tuning which is crucial for creating therapies that avoid unintended effects in healthy cells.

However, the development of AI models requires lots of high-quality data, which has been historically lacking for enhancers. "To create a language model for biology, you have to understand the language cells speak. We set out to decipher these grammar rules for enhancers so that we can create entirely new words and sentences," explains Dr. Lars Velten, corresponding author of the study and researcher at the Centre for Genomic Regulation (CRG).

The authors of the study created huge volumes of biological data to build their AI model by carrying out thousands of experiments with lab models of blood formation. They studied both enhancers and transcription factors, proteins also involved in controlling gene expression.

Until now, scientists studying enhancers and transcription factors typically used cancer cell lines because they are easier to work with. The researchers worked with healthy cells instead because it's more representative of human biology. Their work helped uncover subtle mechanisms that shape our immune system and blood cell production.

Over five years, the team synthesised more than 64,000 synthetic enhancers, each carefully designed to test different arrangements and strengths of binding sites for 38 different transcription factors. It's the largest library of synthetic enhancers ever built in blood cells to date.

Once inserted into the cells, the team tracked exactly how active each synthetic enhancer became across seven stages of blood-cell development. They discovered that while many enhancers activate genes in one type of cell, they repress genes in another.




Most enhancers worked like a volume dial, turning gene activity up or down. Surprisingly, certain combinations acted like on/off switches. The scientists call this "negative synergy," meaning two factors that usually turn a gene on individually could effectively shut that gene down when they occur together.

The data from the experiments was crucial in setting out the design principles of the machine learning model. Once the model had enough measurements of how each synthetic enhancer changed gene activity in real cells, it could predict new designs that yield on/off outcomes, even if these enhancers had never existed in nature.

The study was designed to determine if a technology can work in practice before committing to larger-scale research. The researchers have only scratched the surface. Both humans and mice have an estimated 1,600 transcription factors regulating their genomes.

The work was carried out by Lars Velten, Robert Fromel, Julia Ruhle, Aina Bernal Martinez, Chelsea Szu-Tu and Felix Pacheco Pastor, all members of Lars Velten's research group at the Centre for Genomic Regulation. Rosa Martinez Corral from the Barcelona Collaboratorium, a joint initiative between the CRG and EMBL-Barcelona, also took part. The research was funded by an ERC Starting Grant from the European Union and a grant of the Spanish National Agency for Research.
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Non-inherited genes affect children's development | ScienceDaily
Parents' genes -- even when not directly inherited by a child -- may play a role in their educational and mental health outcomes, finds a new report by UCL researchers.


						
The report, Understanding the intergenerational transmission of educational (under)achievement, which was funded by the Nuffield Foundation, evaluated how parental genetics can influence child development through the environment provided by their parents (for example, reading habits or access to better resources), also known as "genetic nurture" or "indirect genetic effects."

The researchers reviewed 12 published studies, involving 38,654 families from the UK, Australia, the Netherlands, Iceland and the United States, alongside performing an original analysis using genetic data from 4,580 families in the UK.

They then used a statistical tool called polygenic scoring to summarise the cumulative effect of hundreds of thousands of genetic variants across the genome (a person's complete set of genetic instructions) that are associated with particular traits, such as educational attainment.

They found that parental polygenic scores for education had a strong effect on children's educational outcomes, such as years of education completed or school grades, even after accounting for genetic transmission.

This is because parents with a higher genetic predisposition toward education may be more likely to read to their children or invest in learning resources. These behaviours can positively affect the child, regardless of whether they inherited the relevant genes.

The researchers also found a tentative link between non-inherited genes and mental health traits, including hyperactivity and inattention, emotional symptoms, conduct problems, and peer problems, or prosocial behaviour (e.g. helping others, sharing, showing empathy, and comforting someone in distress).




The strongest effects were found around the age of three and involved parental genetic predispositions for traits such as motivation, perseverance, emotional regulation, and self-control (e.g. non-cognitive skills).

This finding suggests that parents with better non-cognitive skills may be especially able to support their children early in life.

For both educational and mental health related outcomes, indirect genetic influences were stronger in early childhood.

Co-investigator Dr Jose J. Morosoli (UCL Psychology & Language Sciences) said: "Through this project, we show how genetics and environment are deeply intertwined, challenging the idea that inherited genetics alone determine outcomes.

"We found that both direct inheritance of genes and the environment shaped by parents' genetics influence children's education and mental health. Ignoring these indirect genetic effects can lead to misleading conclusions.

"Additionally, the impact of genetics and environment changes as children grow, suggesting that early interventions focusing on parents might prove fruitful, while later efforts could benefit from targeting the children themselves."

When the team accounted for family socioeconomic status and parental education, indirect genetic effects dropped by approximately 75%.




This suggests that the effect of non-inherited genes was largely explained by family socioeconomic position and parental education.

For example, parents with higher socioeconomic status and education levels may have access to the necessary resources to provide their children with opportunities linked to better outcomes -- regardless of genetic factors.

As a result, the researchers are calling for future studies to explore the specific resource-based disparities that drive educational underachievement.

Principal investigator Professor Jean-Baptiste Pingault (UCL Psychology & Language Sciences) said: "Our findings echo evidence that family resources and opportunities partly shape children's developmental outcomes -- further illustrating the importance of providing consistent and developmentally appropriate support to children and their families.

"This research supports the UK Government's calls for life-course approaches to mental health and development, highlighting the importance of early intervention and sustained support throughout childhood."

Study limitations

It is critical to stress that the genetic effects found in the report are small and not deterministic. They cannot be used to make individual predictions or guide education policy. The value of this work lies in improving our understanding of human development and informing better research into the causes of traits and behaviours, especially research aiming to understand the interplay between social and biological factors
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Discovery of dopamine receptors in a previously overlooked part of the brain sheds light on the complex circuitry for anxiety and depression | ScienceDaily
Mount Sinai researchers have discovered distinct roles for two dopamine receptors located on nerve cells within the portion of the brain that controls approach vs. avoidance behavior. These receptors potentially influence anxiety and mood disorders whose origins are still unclear.


						
The team characterized the function of D1 and D2 dopamine receptors in the ventral hippocampus of mice, a region involved in the regulation of emotions and stress responses. Their work expands the field's knowledge of dopamine signaling beyond its well-known actions in other brain regions that influence reward and motivation, and sets the stage for future research into dopamine dysregulation in a range of anxiety and depressive disorders. The results of the study appeared in the May 7 issue of Nature.

"Healthy and dysregulated emotional processing related to an individual's ability to resolve conflict between approach and avoidance when making decisions on a moment-by-moment basis have long implicated the hippocampus," says senior author Eric J. Nestler, MD, PhD, Nash Family Professor of Neuroscience and Director of The Friedman Brain Institute at the Icahn School of Medicine at Mount Sinai, and Chief Scientific Officer of the Mount Sinai Health System. "Ours is the first comprehensive, functional study of newly discovered D1 and D2 expressing cells in the ventral hippocampus. We demonstrate that dopamine is more important in that area of the brain than previously believed and, moreover, that it conveys information related to decision-making under stressful conditions."

The hippocampus coordinates decision-making in anxiety-inducing situations, like when an individual has to choose whether to obtain food or drink under threatening situations. Such approach/avoidance dilemmas, where a particular goal has both desirable and potentially undesirable consequences, can cause excessive fear, confusion, and anxiety in humans.

The Mount Sinai team investigated the influence of dopamine signaling within the ventral hippocampus on approach/avoidance behavior in male mice. Researchers learned that D1 and D2 dopamine receptors expressed in different neuronal populations are called into play to help execute approach/avoidance decisions. These receptors and the cells that express them mediate opposite approach/avoidance responses, and are differentially impacted by dopamine transmission in that region of the brain.

The team was surprised to learn that the neuronal cells that express D1 and D2 receptors, which are most highly enriched in the striatum -- a critical part of the motor and reward system -- are also relevant in the hippocampus. Another unexpected behavioral observation was that mice whose D2 cells were artificially activated became much less fearful.

"These discoveries underscored for us that dopamine is an important component of the hippocampal circuitry and that dopamine signaling should be reconsidered in many brain regions where it was previously overlooked, especially those associated with learning, memory, and emotional behavior," notes Dr. Nestler, whose considerable research over the years has been designed to better understand the molecular mechanisms of drug addiction and depression. "Our work further implicates dopamine dysregulation in anxiety and mood disorders."

Dr. Nestler credits the study's two co-first authors, Arthur Godino, PhD, a graduate student and later postdoctoral fellow, and Marine Salery, PhD, a postdoctoral fellow, and the rest of the large research team for the creative advances made in this investigation.




The next step for Dr. Nestler and his team is to show precisely how the dopamine-hippocampus circuit that modulates approach/avoidance is dysregulated in several stress-related conditions, such as anxiety disorders and major depressive disorders (which involve increased avoidance) and in drug addiction (where individuals seek drug rewards despite harmful consequences).

"By helping to delineate the neuromodulatory circuits that govern these disorders," says Dr. Nestler, "we're taking an essential step toward addressing a leading cause of disability in humans worldwide."

This work was funded by grants from the National Institute on Drug Abuse, National Institute of Mental Health, and Hope for Depression Research Foundation.
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Insights on preventing organ transplant rejection | ScienceDaily
Current treatments to prevent organ transplant rejection focus mainly on suppressing T cells, part of the adaptive immune system. However, the innate immune system -- the body's first line of defense that triggers early inflammation after transplantation -- has largely remained untargeted by modern therapies.


						
In a new study, researchers from Mass General Brigham identified a natural "brake" within the innate immune system: the inhibitory receptor Siglec-E (SigE) and its human counterparts, Siglec-7 and Siglec-9. This receptor helps prevent overactivation of immune cells that drive rejection. When this brake is missing, inflammation worsens, leading to faster rejection in preclinical models. Importantly, transplant patients with higher levels of Siglec-7 and Siglec-9 showed better graft survival, highlighting this pathway as a promising target for new therapies. Results are published in Science Translational Medicine.

"For decades, we've focused almost exclusively on controlling T cells to prevent rejection," said Leonardo Riella, MD, PhD, medical director of Kidney Transplantation at Massachusetts General Hospital (MGH), a founding member of the Mass General Brigham healthcare system. Riella is also the Harold and Ellen Danser Endowed Chair in Transplantation at Harvard Medical School. "Our research shows that the innate immune system plays a pivotal role. By harnessing natural inhibitory pathways like Siglec-E, we can develop safer, more precise therapies that protect transplanted organs without compromising overall immune health."

To conduct their studies, the researchers, led by first author Thiago J. Borges, PhD, of the Center for Transplantation Sciences at MGH, used mouse models of heart, kidney, and skin transplantation to study the roles of SigE, the murine equivalent of Siglec-7 and Siglec-9. Recipients deficient in SigE had accelerated acute rejection and increased inflammation. The researchers also looked at the levels of the receptors in samples from human transplant biopsies, finding that higher levels of the receptors were associated with improved allograft survival, suggesting that the findings in mice will be translatable to organ transplants in humans.

"This discovery paves the way for next-generation treatments that address both arms of the immune system, offering hope for longer-lasting transplant success and reducing the need for lifelong immunosuppression," said Riella.
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Biologists create a one-stop shop for world's most charismatic plants, ferns | ScienceDaily
The Florida Museum of Natural History has partnered with 35 herbarium collections across the United States to create a web portal for ferns.


						
Wait! Hear me out. You're probably thinking, "Ferns? The plants with the curly leaves that grow in shady places? Why should I care?"

I'm glad you asked. Ferns -- and a related group called lycophytes -- have been around in one form or another for more than 400 million years. This group of plants, collectively called pteridophytes, was the first to develop roots and leaves, which it did long before dinosaurs were even a gleam in evolution's eye. They were the first plants to evolve the botanical equivalent of a circulatory system, which allowed them to grow into the first trees.

Ferns, lycophytes and other early offshoots altered Earth's previously barren landscapes, breaking up bare rock with their roots and dissolving it in acid, a process that pulls carbon dioxide from the atmosphere. They did this so thoroughly that it caused an ice age, resulting in the second mass extinction of life on Earth. And that's only the first 50 million years of their evolutionary history. It only gets more interesting from there. But in the interest of time, we'll skip to the present.

Today, there are more than 10,000 species of ferns and lycophytes, making them the second-most diverse group of vascular plants (the ones with a circulatory system, which includes anything that produces seeds).

"You can't understand plant diversity without including ferns," said Michael Sundue, an integrative taxonomist at the Royal Botanic Garden Edinburgh in Scotland and co-author of a new paper announcing the fern portal and describing its various applications.

The project was funded by the National Science Foundation and had two main goals. The first was to create an online repository to store information about fern specimens stored in museums around the world. That was the easy part. Next came the daunting task of getting all that information digitized and uploaded to the portal. Many museums have plant specimens collected over hundreds of years that haven't yet made their way online, primarily because the process of digitizing specimens takes a lot of time and money. The NSF grant helped pay for some of that.




"There were hundreds of thousands of records that were digitized specifically for this project," said co-author Lucas Majure, curator for the University of Florida herbarium, which has uploaded more than 14,000 of its own specimens to the portal.

Museums are using the same digitization process for all plant and animal specimens, not just ferns. The result is an online catalogue of life, and if you're a biologist who studies diversity, this tool has become indispensable.

"The availability of digitized resources has fundamentally changed how we do science," Sundue said.

In the paper, the authors list three examples of how the online database, called the PteridoPortal, has already contributed to our understanding of the natural world. Among them is an effort to inventory the fern and lycophyte diversity of Colombia, a country that straddles the equator and is home to some of the most diverse ecosystems on Earth. Beginning in 1964 and lasting several decades, Colombia was also embroiled in civil strife that left little room for active participation in the natural sciences.

"Colombia is one of the most biodiverse countries on Earth, but it is very undersampled," said Sundue, who is one of the primary scientists working on the inventory.

Conducting a biological survey for an entire country can quickly become a logistical nightmare. Even the first step of figuring out what's already been documented can be despairingly difficult.




Before museums began digitizing specimen data, researchers had to physically travel to those institutions and locate specimens spread throughout the collections to verify they'd been correctly identified and record when and where they'd been found. If they made it to the next step, they'd conduct field expeditions to fill in any gaps by collecting new specimens. All this information would be compiled in a notebook or a spreadsheet, and eventually, after years of hard work, researchers would share what they'd learned by publishing a book.

Notably absent from these books were the many thousands of specimen records that were used to write it, as these would have taken up an obscene amount of space. If you wanted to do a follow-up study on someone's work, you either had to contact the people who wrote the book and hope they'd share their data, or you had to start from scratch.

Instead of doing that, Sundue and his colleagues used the fern portal. Before embarking on expeditions to Colombia, they searched the portal for ferns from the areas they planned to visit, which they used to create a list -- complete with images -- of what to look for. Information about the specimens they collect goes directly into the fern portal, where it's immediately available to other users. They can still publish a book if they want to, but the critical information is already online.

The NSF grant only supported digitization at 17 nonfederal institutions, but the PteridoPortal is open to everyone, and others agreed to share their data, including the Smithsonian National Museum of Natural History, the Naturalis Biodiversity Center in the Netherlands and the ETH Zurich in Switzerland. While working on the separate Colombia project, Sundue also collaborated with institutions in the area to help supplement and jump-start their own digitization programs.

We helped the botanical garden of Medellin to get all their data online, and we're going to try to do that with the University of Antioquia as well," he said.

Lucas Majure is also working with colleagues to implement the portal for collections at the Jardin Botanico Nacional in the Dominican Republic. Future collaborative efforts like these are likely to follow.

The portal has enough bells and whistles to make the average biologist lightheaded with excitement, but the real utility of the application, and others like it, is the boost it gives to biodiversity monitoring. Biologists are a long way from taking full stock of what lives on our planet, and species throughout the tree of life are disappearing before they've even been discovered.

As we continue into what's widely referred to as Earth's sixth mass extinction event (this one caused by humans, not ferns), it's imperative for scientists to deploy every tool they have to document what's left and, ideally, prevent the worst of future losses.

"If we don't continue to learn and teach people about biodiversity, no one will notice when it disappears," Sundue said.
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Dual-action approach targeting inflammation shows potential as Type 1 diabetes treatment | ScienceDaily
A study co-led by Indiana University School of Medicine researchers presents a potential new strategy to prevent or slow the progression of Type 1 diabetes by targeting an inflammation-related protein known to drive the disease. The findings, recently published in eBioMedicine, may help inform clinical trials of a drug that is already approved by the U.S. Food and Drug Administration for psoriasis as a treatment for Type 1 diabetes.


						
Type 1 diabetes is a lifelong condition in which the immune system mistakenly attacks and destroys insulin-producing beta cells in the pancreas. The loss of these cells leads to high blood sugar levels and requires ongoing insulin therapy and careful monitoring to avoid severe health complications.

In laboratory studies using human cells and mouse models, the researchers found that applying a molecular method to block inflammation signaling through the tyrosine kinase 2 (TYK2) protein reduced harmful inflammation in the pancreas. This strategy not only protected the beta cells in the pancreas but also reduced the immune system's attack on those cells. A medication that inhibits TYK2 is already approved for the treatment of psoriasis, an autoimmune condition that causes skin inflammation.

"Our study showed that targeting TYK2 could be a powerful way to protect insulin-producing beta cells while calming inflammation in the immune system at the same time," said Carmella Evans-Molina, MD, PhD, co-author of the study and director of the Indiana Diabetes Research Center and the Eli Lilly and Company Professor of Pediatric Diabetes at the IU School of Medicine. "This finding is exciting because there is already a drug on the market that does this for psoriasis, which could help us move more quickly toward testing it for Type 1 diabetes."

Past genetic studies have already shown that people with naturally lower TYK2 activity are less likely to develop Type 1 diabetes, further supporting the group's approach for future treatments using this TYK2 inhibitor approach.

"Our preclinical models suggest that the treatment might work in people as well," said Farooq Syed, PhD, lead author of the study and assistant professor in the Department of Diabetes-Immunology at the Arthur-Riggs Diabetes and Metabolic Research Institute of the City of Hope. "The next step is to initiate translational studies to evaluate the impact of TYK2 inhibition alone or in combination with other already approved drugs in individuals at-risk or with recent onset Type 1 diabetes."

Syed conducted the research while working in the Evans-Molina lab at the Center for Diabetes and Metabolic Diseases and the Herman B Wells Center for Pediatric Research at the IU School of Medicine. The Evans-Molina lab partnered on this study with Decio Eizirik, MD, PhD, a professor at the Universite Libre de Bruxelles Center for Diabetes Research and other international collaborators. The research team hopes their findings will support future clinical trials to safely assess the efficacy of a new drug or drug combination in humans.

Additional IU study authors include Chih-Chun Lee, Jyoti Rana, Preethi Krishnan, Staci A. Weaver, Garrick Chang, Namratha Shivani Chalasani, Kara Orr and Jamie L. Felton. Other study authors include Olivia Ballew, Stephane Demine and Donalyn Scheuner from the Indiana Biosciences Research Institute; Angela Castela, Maria Ines Alvelos and Alexandra Coomans de Brachene of the ULB Center for Diabetes Research; Sofia F. Thomaidou and Arnaud Zaldumbide of Leiden University Medical Center; Lorella Marselli and Piero Marchetti of University of Pisa; and Jing Liu of Purdue University.
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Warming climate making fine particulate matter from wildfires more deadly and expensive | ScienceDaily
Scientists say human-caused climate change led to 15,000 additional deaths from wildfire air pollution in the continental United States during the 15-year period ending in 2020.


						
About 35% of the additional deaths attributed to climate change occurred in 2020, the year of the historic Labor Day fires in the Pacific Northwest as well as major blazes in California, Colorado and Arizona.

The study, led by an Oregon State University researcher and published in Nature Communications Earth & Environment, is the first to quantify how many people are dying because a warming climate is causing fires to send increasing amounts of fine particulate matter into the air, especially in the West.

The scientists estimate that during the study period a total of 164,000 deaths resulted from wildfire PM2.5, particles with a diameter of 2.5 micrometers or smaller that can be inhaled deeply into the lungs and even enter the bloodstream. They determined that 15,000 of those deaths were attributable to climate change -- meaning that absent climate change, the total would have been 149,000.

The average annual death rate from wildfire PM2.5 during the study period was 5.14 per 100,000 people; by comparison, that's roughly double the annual U.S. death rate from tropical cyclones such as hurricanes

The research also found a $160 billion economic burden associated with those 15,000 extra wildfire PM2.5 deaths. Economic burden from mortality considers factors such as productivity losses, health care costs and a concept known as value of a statistical life that assigns a monetary value to reduction in mortality risk.

The study, which looked at mortality risk on a county-by-county basis, showed the economic burden was greatest in California, Oregon and Washington.




"Without efforts to address climate change, wildfires and associated fine particulate matter will continue to increase," said Bev Law, professor emerita in the OSU College of Forestry and the study's leader. "Projections of climate-driven wildfire PM2.5 across the continental U.S. point to at least a 50% increase in mortality from smoke by midcentury relative to the decade ending with 2020, with resulting annual damages of $244 billion."

Using publicly available datasets, Law and collaborators looked at how much additional area burned and how many people died from climate-change related wildfire PM2.5 during the 2006-20 study period, integrating climate projections, climate-wildfire models, wildfire smoke models, and emission and health impact modeling.

The authors note that as climate change exacerbates wildfire risk, PM2.5 emissions from fires have surged to the point that wildfires now account for almost half of all PM2.5 across the United States and have negated air quality improvements in multiple regions. They also say that absent abrupt changes in climate trajectories, land management and population trends, the impacts of climate change on human health via wildfire smoke will escalate.

"Exposure to PM2.5 is a known cause of cardiovascular disease and is linked to the onset and worsening of respiratory illness," Law said. "Ongoing trends of increasing wildfire severity track with climate projections and underscore how climate change manifestations like earlier snowmelt, intensified heat waves and drier air have already expanded forest fire extent and accelerated daily fire growth rates."

Researchers at the University of California, Merced, the U.S. Environmental Protection Agency, the Woodwell Climate Research Center and Beth Israel Deaconess Medical Center of Harvard Medical School also took part in the study.
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Are you curious? It might help you stay sharp as you age | ScienceDaily
What is the trick to aging successfully? If you're curious about learning the answer, you might already be on the right track, according to an international team of psychologists including several from UCLA. Their research shows that some forms of curiosity can increase well into old age and suggests that older adults who maintain curiosity and want to learn new things relevant to their interests may be able to offset or even prevent Alzheimer's disease. Conversely, those who show muted curiosity and disinterest may be at risk for dementia. The finding contradicts prior research that showed that curiosity decreases with age.


						
"The psychology literature shows that oftentimes what's known as trait curiosity, or a person's general level of curiosity, tends to decline with age," said UCLA psychologist Alan Castel, who is the senior author of a new paper published in the journal PLOS One. "But we thought that was a little bit strange and went against some of the things we saw in some of the older adult participants in our experiments, who would often be very engaged and interested in learning about memory, specifically, but even other forms of trivia."

Castel and Mary Whatley, who led the research as a doctoral student at UCLA and is now an assistant professor of psychology at Western Carolina University, and colleagues Kou Murayama and Michiko Sakaki at the University of Tubingen and Kochi University of Technology, wondered if the answer lay in a different type of curiosity called state curiosity.

State curiosity is what psychologists call the kind of momentary feeling of curiosity people experience when they are asked about specific topics. Trait curiosity, on the other hand, is a personality trait. Some people, for example, might not be very inquisitive by nature, being content to accept things more or less at face value (trait curiosity), but have a passionate thirst for knowledge in specific topics or hobbies (state curiosity). All people possess varying degrees of both trait and state curiosity.

To tease apart the two types of curiosity, the researchers recruited a large sample of participants between the ages of 20 and 84, with an average age of 44, to complete an online questionnaire designed to assess how curious they were in general, or their trait curiosity. Then, to test state curiosity, the researchers asked the participants to guess the answers to hard trivia questions that most people were unlikely to already know -- e.g., What was the first country to give women the right to vote? The researchers asked people to guess an answer, then asked participants how interested they were to know the answer before showing the correct answer (if you are curious: New Zealand).

Analysis showed that the two kinds of curiosity are correlated: People who have more state curiosity also experience more trait curiosity, and vice versa. In general, trait curiosity did decline across the adult lifespan. However, the interest ratings people gave in learning new information from trivia -- a measure of state curiosity -- declined in early adulthood, then increased sharply after middle age and continued upward well into old age. The finding, Castel said, mirrors research that shows a dip in happiness in midlife.

One reason for the discrepancy, the researchers suggest, is that until middle age, people are usually interested in acquiring the knowledge, skills and opportunities they need to succeed at school and their jobs, pay mortgages and raise families, and thus a fairly high level of overall curiosity is needed. These obligations also come with stressors that could contribute to a decline in overall happiness. But as they age and gather this knowledge, they don't need to allocate as many resources to trait curiosity. As their children leave home and they begin to retire, for example, people can indulge specific interests, and state curiosity increases.




"Our findings fit with some of my work on selectivity theory, which is that as we get older, we don't want to stop learning, we're just more selective about what we want to learn," Castel said. "You see this in the context of lifelong learning: A lot of older adults will go back to take classes or pick up hobbies or engage in bird watching. I think it shows that this level of curiosity, if maintained, can really keep us sharp as we age."

Castel said that his research on memory has shown that people tend to quickly forget information that doesn't engage their curiosity.

"As we get older, maybe we want to be focused on the things that are important, and we forget the things that are less relevant," Castel said. "Anecdotally, a lot of older adults I speak to say that it's important to stay curious. That fits with some of the research that shows that people who have early stages of dementia might show disinterest in things that they once enjoyed."

This work was supported in part by the National Institutes of Health's National Institute on Aging, the Leverhulme Trust and the Alexander von Humboldt Foundation.
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Feat of 'dung-gineering' turns cow manure into one of world's most used materials | ScienceDaily
A new technique to extract tiny cellulose strands from cow dung and turn them into manufacturing-grade cellulose, currently used to make everything from surgical masks to food packaging, has been developed by researchers from UCL and Edinburgh Napier University.


						
The study, published in The Journal of Cleaner Production, describes the new 'pressurised spinning' innovation and its potential to create cellulose materials more cheaply and cleanly than some current manufacturing methods, using a waste product from the dairy farming industry, cow dung, as the raw material.

The advance is the first time that manufacturing-grade cellulose has been derived from animal waste and is a prime example of circular economy, which aims to minimise waste and pollution by reusing and repurposing resources wherever possible.

The researchers say that implementing the technology would be a win-win situation for manufacturers, dairy farmers and the environment.

Cellulose is one of the world's most commonly used manufacturing materials. Found naturally in the cell walls of plants, it was first used to create synthetic materials in the mid-19th century, including the original material used in photographic film, celluloid.

Today it can be found in everything from cling film to surgical masks, paper products, textiles, foods and pharmaceuticals. Though it can be extracted organically, it is also often produced synthetically using toxic chemicals.

Pressurised spinning (or pressurised gyration) is a manufacturing technology that uses the forces of pressure and rotation simultaneously to spin fibres, beads, ribbons, meshes and films from a liquid jet of soft matter. The multiple award-winning technology was invented in 2013 by a team from UCL Mechanical Engineering led by Professor Mohan Edirisinghe.




Professor Edirisinghe, the senior author of the study, said: "Our initial question was whether it could be possible to extract the tiny fragments of cellulose present in cow manure, which is left over from the plants the animals have eaten, and fashion it into manufacturing-grade cellulose materials.

"Extracting the fragments from dung was relatively straightforward using mild chemical reactions and homogenisation, which we then turned into a liquid solution. But when we tried to turn the fragments into fibres using pressurised spinning technology, it didn't work.

"By a process of trial and error, we figured out that using a horizontal rather than a vertical vessel containing surface nozzles and injecting the jet of liquid into still or flowing water caused cellulose fibres to form. We were then able to change the consistency of the liquid to create other forms, such as meshes, films and ribbons, each of which have different manufacturing applications.

"We're still not quite sure why the process works, but the important thing is that it does. It will also be fairly easy to scale up using existing pressurised spinning technology, the vessels for which were designed and built in the UCL Mechanical Engineering workshop."

The new technique, called horizontal nozzle-pressurised spinning, is an energy efficient process that doesn't require the high voltages of other fibre production techniques such as electrospinning.

The team say that adapting existing pressurised spinning machines to the new process should be relatively straightforward. The greater challenge is likely to be the logistics of sourcing and transporting the raw material, cow dung, but that the environmental and commercial benefits of doing so would be significant.




Ms Yanqi Dai, first author of the study from UCL Mechanical Engineering, said: "Dairy farm waste such as cow manure is a threat to the environment and humans, especially through waterway pollution, the release of greenhouse gases into the atmosphere when it decomposes, and the spread of pathogens. It is also often a burden on farmers to dispose of properly.

"Horizontal nozzle-pressurised spinning could be a huge boost to the global dairy farming industry, by putting this problematic waste product to good use and perhaps creating a new source of income."

The research team is currently seeking opportunities to work with dairy farmers to take advantage of the technology and scale it up.

Animal waste is a growing problem globally. Research in 2019 estimated that the amount of animal waste is due to increase by 40% between 2003 and 2030 to at least five billion tons, with many farms producing more manure than they can legitimately use as fertiliser. This waste often finds its way into water, where it can have a devastating effect on ecosystems and even lead to disease in humans.

Core pressurised spinning research at UCL was made possible by grants awarded by UK Research and Innovation (UKRI).
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A pipette that can activate individual neurons | ScienceDaily
Researchers at Linkoping University have developed a new type of pipette that can deliver ions to individual neurons without affecting the sensitive extracellular milieu. Controlling the concentration of different ions can provide important insights into how individual braincells are affected, and how cells work together. The pipette could also be used for treatments. Their study has been published in the journal Small.


						
"In the long term, this technology could be used to treat neurological diseases such as epilepsy with extremely high precision," says Daniel Simon, professor at Linkoping University, LiU.

The human brain consists of about 85 to 100 billion neurons. It also has roughly the same amount of brain cells that support neuron function with, for example, nutrition, oxygen and healing. These cells are called glial cells and can be divided into many subgroups. Between the cells there is a fluid-filled space called the extracellular milieu.

The difference between the milieu inside the cells and that outside is important for cell function and one important aspect is the transport of different types of ions between the two milieus. For example, neurons are activated when the concentration of potassium ions changes.

It is known that a change in the whole extracellular milieu affects neuron activity and thereby brain activity. However, it has so far not been known how local changes in ion concentration affect individual neurons and glial cells.

Previous attempts to change the extracellular milieu have primarily involved pumping in some form of liquid. But this means that the delicate biochemical balance is disturbed, making it difficult to know whether it is the substances in the fluid, the changed pressure or the extracellular fluid swirling around that leads to the activity.

To get around the problem, researchers at the Laboratory of Organic Electronics, LOE, at LiU developed a micropipette measuring only 2 micrometres in diameter. For comparison, human hair measures 50 and a neuron about 10 micrometres in diameter.




Using this so-called iontonic micropipette, the researchers can add only ions, such as potassium and sodium, to the extracellular milieu to see how this affects the neurons. Glial cell, specifically astrocyte, activity is also measured.

"Glial cells are the cells that make up the other -- chemical -- half of the brain, which we don't know much about because there has been no way to precisely activate those cells, as they don't respond to electrical stimulation. But both neurons and glial cells can be stimulated chemically," says Theresia Arbring Sjostrom, assistant professor at LOE.

The experiments were conducted on slices of hippocampus brain tissue from mice.

"The neurons didn't respond as quickly to the change in ion concentration as we had initially expected. However, the astrocytes responded directly and very dynamically. Only when these were "saturated" were the nerve cells activated. This highlighted the fine-tuned dynamics between different types of cells in the brain in a way that other technologies haven't managed to do," says Theresia Arbring Sjostrom.

Somewhat simplified, you can say that the pipette is manufactured by heating up a glass tube and pulling it to the breaking point. This produces a very thin and tapered tip. This type of micropipette is usually used in neuroscience to create and measure electrical activity in the brain. The LiU researchers' iontronic micropipette has a tip filled with a specially adapted ion-exchange membrane, which makes it possible to create activity by chemical means. Other than that, it looks identical to the traditional micropipette, and is controlled in a similar way.

"The advantage is that tens of thousands of people around the world are familiar with this tool and know how to handle it. Hopefully this will make it useful sooner," says Daniel Simon.

The next step is to continue studying chemical signalling in both healthy and diseased brain tissue using the micropipette. The researchers also want to develop the delivery of medical drugs and study its effect against neurological diseases such as epilepsy.
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Transforming hospital sanitation: Autonomous robots for wiping and UV-C disinfection | ScienceDaily
Professor Keehoon Kim and Ph.D. candidate Jaewon Byun from the Department of Mechanical Engineering at POSTECH (Pohang University of Science and Technology) have developed an "Intelligent Autonomous Wiping and UV-C Disinfection Robot" capable of automating hospital disinfection processes. This research was conducted in collaboration with Korea Institute of Science and Technology (Sangrok Oh, Director of Research Division, and Dr. Jinwoo Jung), the Korea Institute of Robot and Convergence (Goobong Chung, Vice President, and Dr. Youngho Choi), Elphoton Co., Ltd. (Eunhyun Park, CEO, and Dr. Kyungmin Kim), and the Infection Control Team at Pohang St. Mary's Hospital (Jaemyung Kang and Eunjung Kim).


						
The COVID-19 pandemic has underscored the critical importance of thorough disinfection, particularly within hospital environments. Given the increased awareness of the importance of disinfection, concerns surrounding labor shortages due to physical fatigue and risk of exposure to pathogens have been raised. Moreover, individuals' compliance with manually conducted disinfection tasks tends to vary, and human performance is inconsistent. Furthermore, existing technologies, such as UV-C robots and hydrogen peroxide vapor systems, have inherent limitations in completely removing contaminants hidden in obscured or hard-to-reach areas.

To address these challenges, the research team developed an autonomous robot capable of both navigating hospital environments and performing disinfection tasks. A key feature of the robot is its dual disinfection system: first, it utilizes a robotic manipulator to physically wipe surfaces and remove contaminants; second, it employs UV-C irradiation to disinfect hard-to-reach corners and narrow spaces.

The robot's performance was validated through real-world testing at Pohang St. Mary's Hospital. The team conducted bacterial culture experiments to confirm the effectiveness of disinfection and carried out repeated autonomous operations to verify its long-term usability in clinical settings.

One of the robot's most significant advantages is its ability to automate time-consuming and repetitive disinfection tasks, enabling healthcare professionals to devote more attention to patient care. Additionally, unlike variability in human performance, the system can perform disinfection with consistent precision, significantly reducing the risk of infection within the hospital. Precision control algorithms minimize operational failures, while the integration of a self-sanitizing station and wireless charging system ensures sustained disinfection operations.

Professor Keehoon Kim emphasized, "Although COVID-19 has transitioned into an endemic phase, it remains essential to prepare for future pandemics. We will continue advancing this disinfection robot technology beyond hospitals to public facilities, various social infrastructures, and everyday environments to further reduce infection risks."

This work was supported by the National Research Foundation of Korea(NRF) grant funded by the Korea government(MSIT) (Project Director: Dr. Sang-Rok Oh, Korea Institute of Science and Technology).
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Groundbreaking device instantly detects dangerous street drugs, offering hope for harm reduction | ScienceDaily
A portable device that can instantly detect dangerous street drugs at extremely low concentrations has been developed at the University of Bath in the UK.


						
The device, which is being trialled by drug-checking services in the UK, Norway and New Zealand, can identify substances such as benzodiazepines and synthetic opioids that are difficult to detect with existing mobile technologies and are major contributors to drug overdoses globally.

The device, which is similar to an ultraviolet spectrometer, will allow drugs to be tested cheaply and at volume. Its on-the-spot analysis reveals both the contents of a substance and the concentration of each ingredient. The technology is described today in the scientific journal Analytical Chemistry.

Biochemist Professor Chris Pudney -- who leads the team that developed the technology from the Department of Life Sciences at Bath -- says the potential life-saving benefits of this invention are considerable. By using the device to reveal the precise composition of an illicit substance, the risks associated with taking unknown or adulterated drugs can be reduced significantly.

Professor Pudney envisions the new machine being deployed in areas where illicit drugs are commonly used, such as at clubs and festivals, as well as in services that provide support and treatment for dependent-drug users.

Testing times

Detecting substances at low concentrations is more challenging than identifying larger quantities of highly pure substances. The equipment currently available for this task often requires extensive training and can only be operated by chemists.




By contrast, the device invented by Professor Pudney can be operated by a non-expert, yielding results with the simple press of a button, and can detect drugs at extremely low concentrations. This allows it to determine the potency of a formulation and identify any contamination with undeclared substances. Many 'red flag' substances, including synthetic opioids such as nitazenes and fentanyl, are toxic even in minute quantities, and being able to detect them is critical to saving lives.

Professor Pudney said: "Whatever we're doing at the moment to prevent deaths from drug misuse isn't working so we need a new kind of service that can be where it's needed -- cheaply, easily and anywhere.

"Our device would support community harm reduction. Telling people not to take drugs doesn't work, so different strategies are needed. By letting people know exactly what's in a drug and how strong it is, we can empower them to make safer decisions about whether or not to take it, or to use it in a safer way."

Drug adulteration

Globally, there is a growing problem of people unknowingly taking street drugs that have been mixed with undeclared substances. For instance, illicit pills containing benzodiazepines (which can produce feelings of euphoria, relaxation and calmness in the user) can be contaminated with synthetic opioids, turning them into ultrapotent mixtures that dramatically increase the risk of adverse effects and fatal overdoses.

The rise of potent synthetic drugs has made the landscape of drug use particularly dangerous, essentially presenting people who believe they are taking a known dosage of a known drug with a 'Russian roulette' of risk.




Professor Pudney said: "Now, more than ever, there are serious health risks associated with taking all drugs. People may think they have bought something relatively unharmful -- perhaps a substance they know well -- but the drug they have may in fact be contaminated with a far more dangerous and more addictive substance that could endanger their lives.

"This is why drug checking is so important and so needed. We need simple, instant detection that anyone in a drug and alcohol service can use to support their clients."

Deaths in England and Wales from drug poisoning have increased year on year, rising from 4,359 in 2018 to 4,907 in 2023 (these figures include both illicit drug use and prescription drug misuse).

Local and international trials

The new technology -- currently a prototype -- is being trialled by drug services both in the UK and internationally.
    	Devon & Cornwall Police, UK

A device acquired by Devon & Cornwall Police (UK) in June 2024 has allowed the force to fast-track suspicious substances linked to near-fatal and fatal overdoses. This lets them provide real-time drug warnings to drug treatment services in the area, rather than waiting for several months for results from forensic drug-detection service providers.

Nick Burnett, drug expert witness for Devon & Cornwall Police, said: "A prime example of this was testing of some oxycodone tablets in 2024 following a death. The tablets were found to contain a nitazene. We were able to put out a drug warning within 36 hours of that death occurring."

He added that the technology had improved the police's working relationship with its drug treatment services, especially in relation to information sharing and where necessary the issuing of drug warnings.
Unlike in New Zealand, drug checking services in the UK require a Home Office license for the possession of controlled drugs to operate legally. To date, The Loop Drug Checking Service is the only community-based drug-checking service in the UK that has been granted a licence. It has been operating in Bristol since 2024, and uses, alongside other analytical technologies, Professor Pudney's device.

Katy Porter, CEO of The Loop said: "We have been pleased to work alongside the team at the University of Bath to explore the use and potential of the device in drug checking services and for the purpose of reducing drug-related harms. We share the concerns regarding the changing drug market in the UK and working together to ensure drug checking is accessible and available to more people."
    	Drug-checking service, New Zealand

For two weeks last year, hundreds of drug samples were tested in New Zealand using Professor Pudney's new device as part of an initiative involving the country's three front-line drug-checking services: the Needle Exchange Programme, the New Zealand Drug Foundation and KnowYourStuffNZ. New Zealand is one of few countries in the world where drug-checking services are explicitly legal.

KnowYourStuffNZ deputy manager Dr Jez Weston said: "The spectrometers that we use are currently the best tech for mobile drug analysis, but science moves ever on. The University of Bath's new technology could help us help our clients with better and faster analysis of their samples."
    	Drug-checking service, Norway

The device is also being trialled by the Association for Safer Drug Policies (ASDP) in Norway. Norway is another country that operates community-based drug checking.

Dagfinn Hessen Paust, chief scientific officer at the ASDP -- a leading advocate for harm prevention and evidence-based drug policies in Norway and the Nordics -- said: "We use a number of different technologies to check drugs, mostly using infrared spectrometry, which is great for most use cases but not for testing benzodiazepines and very potent, very dangerous opioids. These substances -- unlike, say MDMA -- are found in very low concentrations in the tablets people consume and cannot be picked up by established devices.

"The new device from Bath is helping us fill this gap -- it's very exciting for us to be trialling this new technology."

Shining light

The new technology from Bath works through a combination of fluorescence and reflectance spectroscopies.
    	Fluorescence is a technique that involves shining light on a substance and measuring the light that the substance emits in response. Different substances emit light in unique ways, which makes it possible to identify them.
    	Reflectance Spectroscopy is a technique that measures the light bouncing off a substance. The way light is reflected provides information about the substance's properties.

The device is trained using a deep-learning algorithm, meaning it is exposed to a library of Nanoparticle Spectroscopy (NPS) light patterns from which it learns to make accurate identifications.

Professor Pudney said: "Our aim is for this device to support drug-checking services, as a means to decrease the harm caused by drugs across different groups. The landscape of drug use is changing rapidly and we hope this tool can fill some of the gaps that are emerging."
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Viruses under the super microscope: How influenza viruses communicate with cells | ScienceDaily
Influenza viruses are among the most likely triggers of future pandemics. A research team from the Helmholtz Centre for Infection Research (HZI) and the Medical Center -- University of Freiburg has developed a method that can be used to study the interaction of viruses with host cells in unprecedented detail. With the help of their new development, they have also analyzed how novel influenza viruses use alternative receptors to enter target cells. The results were recently published in two papers in the journal Nature Communications.


						
Viruses have no metabolism of their own and must therefore infect host cells in order to replicate. Contact between the virus and the cell surface is a crucial first step, which can also prevent infections if entry into the cells is blocked. "The interaction with a host cell is dynamic and transient for influenza viruses. In addition, associated processes occur at the nanoscale, requiring super-resolution microscopes for a more precise investigation. Using conventional approaches, it has therefore not been possible to investigate this important first contact in more detail," says Prof. Christian Sieben, head of the junior research group "Nano Infection Biology" at HZI, explaining the challenge the team has faced.

In collaboration with Prof. Mark Bronstrup's department "Chemical Biology" at HZI, his team has developed a universal protocol to investigate how viruses communicate with host cells. To do this, the scientists immobilized viruses individually on microscopy glass surfaces. Cells were then seeded on top. In conventional experiments, the viruses are added on top of pre-seeded cells. "The advantage of our 'upside-down' experimental setup is that the viruses interact with cells but do not enter them -- the critical moment of initial cell contact is thus stabilized and can be analyzed," says Sieben.

Using the example of a seasonal influenza A virus, the researchers used high-resolution and super-resolution microscopy to show that contact between the virus and the cell surface triggers a cascade of cellular reactions. First, the cellular receptors accumulate locally at the virus binding site. This is due to the fact that the receptors move more slowly through the cell membrane near the binding site and are therefore more abundant locally. Subsequently, specific cellular proteins are recruited and finally the actin cytoskeleton is dynamically reorganized.

However, the researchers applied their method not only to an established influenza A model, but also to a novel influenza strain of animal origin: the H18N11 virus, which is found in bats in Central and South America. Unlike most influenza viruses, which bind to glycans -- i.e. carbohydrate chains on the cell surface -- for infection, the H18N11 virus has a different target. "This virus binds to MHC class II complexes -- protein receptors that are typically found on certain immune cells," says Dr. Peter Reuther, research group leader from the Institute of Virology of the Medical Center -- University of Freiburg. He is studying the cell entry of bat-derived H18 influenza A viruses.

Using single-molecule tracking, the researchers were able to show for the first time that MHCII molecules cluster specifically on the cell surface upon contact with the virus -- a process that is essential for the virus to enter the cell. The teams from Braunschweig and Freiburg have thus characterized a new model of influenza A infection: the binding to MHCII as an alternative receptor and the associated dynamic reorganization of the cell surface. "The finding that influenza viruses do not bind exclusively to cellular glycans opens up new perspectives for research into these pathogens," says Reuther. "Particularly in view of their zoonotic potential, it is crucial to better understand these alternative receptors."

The virus-cell binding step is also the focus of the EU project COMBINE, which was launched at the beginning of 2025 and is coordinated by HZI researcher Sieben. In COMBINE, scientists from five European countries are investigating the virus entry process of newly emerging viruses, especially those with pandemic potential. "This process is a potential target for antiviral therapies. The methodology we have developed to investigate the virus entry process can be applied to many other viruses," says Sieben. The new results not only provide detailed insights into the biology of influenza viruses. They also provide a methodological basis for investigating the entry mechanisms of potential pandemic pathogens in a more targeted manner -- and thus identifying new targets for antiviral therapies.
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New algorithms can help GPs predict which of their patients have undiagnosed cancer | ScienceDaily
Two new advanced predictive algorithms use information about a person's health conditions and simple blood tests to accurately predict a patient's chances of having a currently undiagnosed cancer, including hard to diagnose liver and oral cancers. The new models could revolutionise how cancer is detected in primary care, and make it easier for patients to get treatment at much earlier stages.


						
The NHS currently uses prediction algorithms, such as the QCancer scores, to combine relevant information from patient data and identify individuals deemed at high risk of having a currently undiagnosed cancer, enabling GPs and specialists to call them in for further testing. Researchers from Queen Mary University of London and the University of Oxford have used the anonymised electronic health records from over 7.4 million adults in England to create two new algorithms which are much more sensitive than existing models, and which could lead to better clinical decision making and potentially earlier diagnosis of cancer.

Crucially, in addition to information about a patient's age, family history, medical diagnoses, symptoms, and general health, the new algorithms incorporated the results of seven routine blood tests (which measure a person's full blood count and test liver function) as biomarkers to improve early cancer diagnosis.

Compared with the existing QCancer algorithms, the new models identified four additional medical conditions associated with an increased risk of 15 different cancers including those affecting the liver, kidneys, and pancreas. Two additional associations were also found for family history with lung cancer and blood cancer, and seven new symptoms of concern (including itching, bruising, back pain, hoarseness, flatulence, abdominal mass, dark urine) were identified as being associated with multiple cancer types.

These results showed that the new algorithms offer much improved diagnostic capabilities, and in fact are the only ones currently which can be used in primary care settings to estimate the likelihood of having a current but as yet undiagnosed liver cancer.

Professor Julia Hippisley-Cox, Professor of Clinical Epidemiology and Predictive Medicine at Queen Mary University of London, and lead author of the study, said: "These algorithms are designed to be embedded into clinical systems and used during routine GP consultations. They offer a substantial improvement over current models, with higher accuracy in identifying cancers -- especially at early, more treatable stages. They use existing blood test results which are already in the patients' records making this an affordable and efficient approach to help the NHS meet its targets to improve its record on diagnosing cancer early by 2028."

Dr Carol Coupland, senior researcher at the Queen Mary University of London and Emeritus Professor of Medical Statistics in Primary Care at the University of Nottingham, and co-author, said: "These new algorithms for assessing individuals' risks of having currently undiagnosed cancer show improved capability of identifying people most at risk of having one of 15 types of cancer based on their symptoms, blood test results, lifestyle factors and other information recorded in their medical records. They offer the potential for enabling earlier cancer diagnoses in people from the age of 18 onwards, including for some rare types of cancer type."
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The world's wealthiest 10% caused two thirds of global warming since 1990 | ScienceDaily
Wealthy individuals have a higher carbon footprint. A new study published in Nature Climate Change quantifies the climate outcomes of these inequalities. It finds that the world's wealthiest 10% are responsible for two thirds of observed global warming since 1990 and the resulting increases in climate extremes such as heatwaves and droughts.


						
The study assesses the contribution of the highest emitting groups within societies and finds that the top 1% of the wealthiest individuals globally contributed 26 times the global average to increases in monthly 1-in-100-year heat extremes globally and 17 times more to Amazon droughts.

The research sheds new light on the links between income-based emissions inequality and climate injustice, illustrating how the consumption and investments of wealthy individuals have had disproportionate impacts on extreme weather events. These impacts are especially severe in vulnerable tropical regions like the Amazon, Southeast Asia, and southern Africa -- all areas that have historically contributed the least to global emissions.

"Our study shows that extreme climate impacts are not just the result of abstract global emissions, instead we can directly link them to our lifestyle and investment choices, which in turn are linked to wealth," explains lead author Sarah Schongart, an alumna of the 2024 Young Scientists Summer Program (YSSP), who is currently associated with ETH Zurich. "We found that wealthy emitters play a major role in driving climate extremes, which provides strong support for climate policies that target the reduction of their emissions."

Using a novel modeling framework that combined economic data and climate simulations, the researchers were able to trace emissions from different global income groups and assess their contributions to specific climate extremes. They found that emissions from the wealthiest 10% of individuals in the United States and China alone, each led to a two-to threefold increase in heat extremes across vulnerable regions.

"If everyone had emitted like the bottom 50% of the global population, the world would have seen minimal additional warming since 1990," says coauthor Carl-Friedrich Schleussner, who leads the Integrated Climate Impacts Research Group at IIASA. "Addressing this imbalance is crucial for fair and effective climate action."

The study also emphasizes the importance of emissions embedded in financial investments, rather than just personal consumption. The authors argue that targeting the financial flows and portfolios of high-income individuals could yield substantial climate benefits.

"This is not an academic discussion -- it's about the real impacts of the climate crisis today," adds Schleussner. "Climate action that doesn't address the outsize responsibilities of the wealthiest members of society, risks missing one of the most powerful levers we have to reduce future harm."

The authors suggest that their findings could motivate progressive policy instruments targeted at societal elites, noting that such policies can also foster social acceptance of climate action. Making rich individual polluters pay can also help to provide much needed support for adaptation and loss and damage in vulnerable countries. They conclude that rebalancing responsibility for climate action in line with actual emissions contributions is essential, not just to slow global warming, but to achieve a more just and resilient world.

The study is the result of work undertaken as part of Schongart's YSSP project in 2024 for which she was awarded the IIASA Levien award.
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New study tracks air pollution and CO2 emissions across thousands of cities worldwide | ScienceDaily
In a sweeping new study of more than 13,000 urban areas worldwide, researchers have mapped air pollution levels and carbon dioxide emissions, providing comprehensive global analysis of urban environmental quality.


						
The research led by George Washington University, in collaboration with scientists from Washington University in St. Louis and the University of North Carolina at Chapel Hill, used data from satellite observations, ground-based measurements and computer models to measure city-level air pollution and the average amount of carbon dioxide released into the atmosphere in 13,189 urban areas globally. The study, which highlights regional disparities, focused on the years spanning from 2005-2019.

"This study provides a powerful snapshot of how urban environments are evolving across the globe," said Susan Anenberg, professor of environmental and occupational health at the GW Milken Institute School of Public Health and director of the GW Climate and Health Institute. "It also shows that progress is possible but uneven, with some cities seeing worsening pollution while others are experiencing cleaner air over time."

Key Findings:
    	    More than 50% of cities showed links between all pollutants, suggesting they likely come from the same sources and could be reduced together.
    
    	    Urban areas in high-income regions with aggressive environmental policies saw simultaneous declines in all pollutants.
    
    	    Cities in regions undergoing rapid population and economic growth, including South Asia and parts of Africa, experienced rising pollution and emissions levels.
    
    	    Satellite remote sensing provides an unprecedented opportunity to track pollution levels in all cities worldwide.
    

The study's integrated approach offers policymakers, researchers and climate advocates a valuable new tool for assessing the effectiveness of strategies to reduce pollution. By tracking historical pollutant trends and analyzing correlations across air pollution, nitrogen dioxide and carbon dioxide emissions, the study offers insights into how urban areas can make progress on both climate and public health goals.

Researchers also created an interactive map and dashboard to track air pollution in cities worldwide.
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A 'roadmap' of the fruit fly brain | ScienceDaily
For the first time, researchers at Leipzig University and other institutions have gained comprehensive insights into the entire nervous system of the fruit fly (Drosophila melanogaster). The findings were recently published in Nature, marking the first study to describe in detail the neurons that span the entire nervous system of the adult fruit fly. The researchers also, for the first time, compared the complete set of neural connections (the connectome) in a female and a male specimen -- and identified differences.


						
"At present, there are only a few electron microscopy data sets of the fruit fly's connectome. None of them has so far included the entire central nervous system -- that is, both the brain and the ventral nerve cord, the functional equivalent of the vertebrate spinal cord. Until now, the data sets have ended at the neck due to technical limitations," explains lead researcher Dr Katharina Eichler from Leipzig University, describing the current state of research.

However, the neurons that run through the neck connective -- the link between brain and nerve cord -- are essential for transmitting the decisions made in the insect's brain. These neural circuits have so far remained unknown. "We have now identified these neurons in three connectomes and analysed their pathways. We studied one female brain data set as well as a male and a female nerve cord data set," says Eichler, who previously conducted research on the topic at the University of Cambridge before continuing her work at Leipzig University.

The paper describes all the neurons in the neck of the fruit fly that could be identified using light microscopy data. This allowed the researchers to analyse the circuits formed by these cells in their entirety. When comparing male and female neurons, the scientists identified sex-specific differences for the first time. Previously unknown cells were found that exist only in one sex and are absent in the other. The researchers also discovered that a descending neuron known as aSP22 communicates, in females, with neurons that are present only in females. This finding provides the first explanation for the behavioural differences observed when this neuron is active. Female flies extend their abdomen, probably to lay eggs, while males curl theirs forward in order to mate.

"The study provides an overview of the entire fruit fly connectome. It serves, in a sense, as a kind of roadmap that scientists can use for orientation. Based on this, experiments can be intelligently designed to investigate the function of individual neurons or entire circuits -- saving considerable time and resources," explains the biologist. Now that the technical challenges in analysing the fruit fly's nervous system have been overcome, Katharina Eichler's research group is working on two new data sets covering the entire central nervous system of both a female and a male specimen.
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The atmospheric memory that feeds billions of people: Newly discovered mechanism for monsoon rainfall | ScienceDaily
Across the globe, monsoon rainfall switches on in spring and off in autumn. Until now, this seasonal pattern was primarily understood as an immediate response to changes in solar radiation. A new study by the Potsdam Institute for Climate Impact Research (PIK), published in the scientific journal PNAS, shows for the first time that the atmosphere can store moisture over extended periods, creating a physical memory effect. It allows monsoon systems to flip between two stable states. Disrupting this delicate balance, would have severe consequences for billions of people in India, Indonesia, Brazil and China.


						
"The atmosphere can 'remember' its previous state by storing physical information in the form of water vapour," explains Anja Katzenberger, PIK researcher and author of the study. "In practical terms, this means that even though solar radiation increases or decreases with the seasons, the atmosphere doesn't always respond immediately. During spring, water vapour accumulates over days and weeks. This reservoir determines the onset of monsoon rainfall in early summer and maintains it even as solar influx starts to decline in autumn."

Path dependence in the atmosphere: How the monsoon "remembers"

Combining observational data from India, China and other monsoon regions with atmospheric simulations, the research team shows that the state of the atmosphere depends on its seasonal history: If it's already raining, the rain persists. But if it has been dry, it is hard to initiate rainfall. In spring, the atmosphere is typically dry and needs to "fill up" with water vapour before the monsoon can start. In contrast, the post-monsoon atmosphere in autumn remains moist and continues to support rainfall even as solar radiation weakens. "This behaviour is what we call bistability," says Katzenberger. "At the same level of solar radiation, the atmosphere can either be dry or rainy, depending on the preceding state."

"We've long known that systems like the ocean or the massive ice sheets have some sort of memory. But the atmosphere? That was thought impossible," adds study co-author Anders Levermann, who leads the department of Complexity Science at PIK. "This memory effect leads to a switch-like behaviour in monsoon rainfall, a seasonal flip from 'off' to 'on' and back again. And crucially, it doesn't happen gradually -- it's abrupt, sudden." Such abrupt shifts are characteristic of other tipping elements in the climate system, but the monsoon is special, Levermann says: "What's particularly notable is that the monsoon crosses its tipping point every year and then returns. This could enable us in the future to actually identify the tipping point with observational data and develop an early warning system."

A combination of observation, theory and simulation

To unravel the mechanism behind this bistable behaviour, the team used both real-world data and simulations with a high-resolution atmospheric general circulation model developed at Princeton University. In an idealised "Monsoon Planet" setup, they isolated the atmosphere from slower Earth system components like the oceans. The simulations showed that monsoon rainfall can flip between a dry and wet state without the thermal inertia of the ocean. Key to this behaviour is the formation of a robust column of atmospheric moisture that stabilises rainfall over weeks. The central tipping point in this system can clearly be identified as a threshold, explains Katzenberger: "When atmospheric water vapour exceeds around 35 kilograms per square metre, the monsoon switches on. If it falls below that, it switches off. This abrupt, threshold-based response defines the bistability."

If this dynamic were disrupted, for example through pollution or global warming, we could face major challenges, concludes Levermann: "This would have dramatic consequences for billions of people in regions like India, Indonesia, Brazil and China who depend with their livelihood on monsoon rainfall -- It would disrupt not only our climate system, but our societies worldwide."
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Losing a parent may increase children's risk of being bullied | ScienceDaily
Losing a parent or caregiver at any age is a traumatic and emotional experience, but when a child loses a parent, it can profoundly affect their development and well-being throughout multiple stages of their life.


						
A new study led by Boston University School of Public Health (BUSPH) found that youth who experienced the death of a parent were more likely to be victims of bullying.

Published in the Journal of Affective Disorders, the study surveyed 21,000 children in China and found that the association between parental bereavement and school bullying varied by sex of the child and deceased parent, age when the death occurred, and geographical area. Adolescents in rural areas, girls, and older youth (ages 13-17) were at higher risk of bullying after either parent died.

"Childhood parental death is a major traumatic experience that significantly increases the risk of other adverse outcomes, including bullying victimization," says study senior and co-corresponding author Dr. Ziming Xuan, professor of community health sciences at BUSPH.

Maternal death raised this risk specifically among male youth, "suggesting that maternal support may play a uniquely protective role in the lives of sons," he says.

Parental support can heavily shape children's physical, mental, economic, and social well-being, all of which can influence how they interact with classmates and navigate relationships in school.

For the study, Dr. Xuan and colleagues from BUSPH and Kunming Medical University (KMU) in Kunming, Yunnan, China, utilized 2019-2021 data from the Mental Health Survey for Children and Adolescents, a large, ongoing study that assesses the mental health of more than 35,000 children in southwestern China. The participants were ages 10-17.




Among the study group, nearly three percent of participants experienced a parental death and more than 15 percent reported that they were being bullied at school. The majority of parental deaths in China during this study period occurred before the COVID-19 pandemic began, but an estimated eight million children under 18 worldwide have lost a parent or primary caregiver to a pandemic-related cause. In the US, more than four percent of children up to 17 years old had lost at least one parent in 2021.

The researchers hope this data informs tailored support for youth who are mourning a parent.

"Effective interventions to reduce the risk of school bullying among bereaved children should be multi-layered and long-term, addressing both emotional and social dimensions of support," says Dr. Xuan. "This can include personalized counseling, active involvement of remaining caregivers or extended family, and programs tailored to developmental stage and cultural context."

This support should also evolve over time, as children's needs change during the bereavement process, he adds. "In schools, educators and staff should be trained to recognize signs of grief and vulnerability and foster inclusive, empathetic environments. A warm, caring school climate can be especially critical in reducing the risk of bullying and promoting resilience among bereaved youth."

The study's co-lead authors were Hailiang Ran, a visiting KMU School of Public Health doctoral student in the Department of Community Health Sciences at SPH, and Dr. Jin Lu, a professor in the Department of Psychiatry at The First Affiliated Hospital of KMU. The co-corresponding author is Dr. Yuanyuan Xiao, a professor in the Department of Epidemiology and Health Statistics at KMU's School of Public Health.
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Is virtual-only couture the new clothing craze? | ScienceDaily
As fast fashion continues to fill wardrobes and landfills at a staggering pace, new research from the University of Portsmouth suggests that the future of fashion might lie not in fabric, but in pixels.


						
In a multi-study paper published in the International Journal of Retail and Distribution Management, a team of researchers has delved into the growing phenomenon of e-fashion -- digital garments worn in virtual environments -- and found these intangible items could help bridge the gap between fast fashion and environmental sustainability.

From Instagram filters to gaming skins, the idea of digital self-presentation isn't new. But fashion brands are now taking things a step further, offering digital-only collections that exist purely on-screen.

These clothes can change colour, morph shape, and even communicate with physical counterparts via near-field communication (NFC) chips. Crucially, they come without the environmental baggage of traditional production, shipping or waste. Their production, consumption and disposal don't require using raw and difficult-to-recycle materials such as polyester. The research studied how consumers respond to the unique appeal of digital clothing and what drives their willingness to pay for garments they can't physically touch, try and own.

Findings show that consumers with a strong appetite for novel and tactile experiences are particularly drawn to e-fashion, valuing its creativity, customisability and interactivity. For them, virtual couture is not a compromise but an additional new frontier in personal style.

Conventional logic suggests that consumers with a strong need for touch, who enjoy physically inspecting and trying on a garment, are less likely to find e-fashion appealing.

However, the research challenges this logic. It learns that consumers with a high need for touch, and a high sensation-seeking, are an ideal target market for virtual clothing.




The research found that consumers could mentally simulate the tactile features of e-fashion, a process that becomes increasingly feasible and vivid with the adoption of virtual reality headsets.

One of the co-authors, Dr Kokho (Jason) Sit, Senior Lecturer in Marketing at the University of Portsmouth, said: "Whether e-fashion is a fleeting fad or a long-lasting trend remains to be seen, but its environmental potential is undeniable. Unlike fast fashion's reliance on low-cost, often non-recyclable materials and landfill-heavy turnover, digital garments can be produced, consumed, and discarded with a single keystroke -- or perhaps several keystrokes. No raw materials, modern slavery, shipping and delivery are involved, reducing deforestation, inhumane working conditions, carbon footprint and landfills."

"This research shows that e-fashion isn't just a gimmick for gamers or influencers. It can potentially disrupt the fast fashion model in a profitable way for fashion brands, exciting for consumers and better for the planet."

While it may not entirely replace physical fashion, the study suggests e-fashion could meaningfully reduce our reliance on high-volume, low-value clothing and help curb the environmental toll of an industry that urgently needs reform.
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Scientists discover the genes that influence when babies start walking | ScienceDaily
The age at which babies take their first steps is strongly influenced by their genes, according to new research from the University of Surrey. In the first study of its kind, scientists analysed the genetic information of more than 70,000 infants. They identified 11 genetic markers influencing when babies start walking, thus offering multiple targets for future in-depth biological investigation.


						
In a paper published in Nature Human Behaviour, the study found that genetics accounts for about a quarter of the differences in when children take their first steps.

For years, researchers knew that environmental factors could influence when babies begin to walk, but this new finding shows that genetics also has a major impact. It suggests that, just like with other traits such as height, some children may naturally start walking earlier or later because of their genetic propensity.

Professor Angelica Ronald, senior researcher on the study from the University of Surrey, said:

"Most babies take their first step sometime between ages 8 months and 24 months, so it is a wide window in which this exciting milestone happens. It is a big moment for both parents and baby; it symbolises a new phase in a child's life.

Dr Anna Gui, an author of the study and a researcher at the University of Rome Tor Vergata and Birkbeck, University of London said:

"Until now, we didn't understand what causes the wide differences between children in when they take their first step. Parents might often worry that walking early or late is a bad sign or that they have done something wrong. We see that genetics play a considerable role in influencing the timing of this milestone."

Walking isn't just a key milestone in the development of a child, but it is connected in terms of genetic influences with many other important aspects of human development. The study found that the genetic factors influencing when children take their first step are partly the same genetic factors that influence brain development including the amount of folding and ridges in the outer surface of the brain (the "cortex"). Moreover, walking later within the typical range was linked genetically with less chance of developing ADHD. Finally, the study showed that relatively later onset of walking was influenced by some of the same genes involved in higher educational attainment.




Professor Angelica Ronald said:

"It is exciting to be able to discover the genes that influence when children learn to walk. Starting to walk independently is a major milestone for young children. We hope these new genetic findings can advance fundamental understanding about the causes of walking and be used to better support children with motor disorders and learning disabilities.

"While parents should still see their GP if they are concerned, a slightly later start is not always a sign of problems. There is a lot of variety in when children take their first step on their own."

Led by scientists in the UK, the study was made possible through a large collaboration with scientists in the UK, Netherlands and Norway, and through UK and international funding including from the Simons Foundation for Autism Research Initiative.
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Knowing your Alzheimer's risk may ease anxiety but reduce motivation for healthy habits | ScienceDaily
Learning about one's risk for Alzheimer's disease may not lead to emotional distress, but motivation to maintain healthy lifestyle changes tends to fade over time, even in people at high risk, according to a study involving a Rutgers Health researcher.


						
The study, published in Alzheimer's & Dementia, was written by Sapir Golan Shekhtman, a doctoral degree student at the Joseph Sagol Neuroscience Center at the Sheba Medical Center in Israel, and led by Orit Lesman-Segev, a neuroradiologist at the Department of Diagnostic Imaging and researcher at the Joseph Sagol Neuroscience Center, Sheba Medical Center in Israel, and co-authored by Michal Schnaider Beeri, director of the Herbert and Jacqueline Krieger Klein Alzheimer's Research Center at the Rutgers Brain Health Institute.

A protein called amyloid beta in the brain is one of the core pathologies in Alzheimer's disease. The buildup of amyloid plaques can be detected decades before symptoms appear. These plaques can be visualized and quantified by a positron emission tomography (PET) scan.

The researchers wanted to understand how people react emotionally to learning whether they have risk for cognitive decline.

The study followed 199 healthy adults who underwent amyloid PET scans to check their amyloid beta status. Before the scan, participants completed surveys measuring anxiety, depression, memory concerns and motivation for lifestyle adjustments. They conducted the same surveys six months after learning their results.

Results from the study show that participants who don't have amyloid buildup experienced significant emotional improvements: They reported much lower levels of depression, anxiety and memory complaints.

However, their motivation to maintain lifestyle improvements also declined.




Conversely, participants with amyloid presence didn't show increased depression or memory complaints but did experience a decrease in anxiety and motivation for lifestyle adjustments.

"The findings suggest that disclosing amyloid presence does not negatively affect participants, and simply knowing the results seems to decrease negative feelings overall," said Schnaider Beeri.

This study provides new insight into how individuals emotionally respond to learning their amyloid status, an underexplored topic, the researchers said. It also involves disclosing amyloid status to cognitively healthy individuals, a practice that wasn't common in previous studies.

"The results highlight how easily people lose motivation to make lifestyle changes aimed at maintaining cognitive health," said Shekhtman. "Strategies to sustain these healthy behaviors are crucial."

"These findings hold even greater significance in an era moving toward preventive Alzheimer's Disease therapies," said Lesman-Segev. "When such treatments become available, cognitively normal individuals will likely undergo screening with Alzheimer's biomarkers to qualify for targeted therapies. Therefore, it is essential to better understand the response to disclosure and optimize the disclosure process."
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Klotho: A protein that promotes healthy aging and improves longevity | ScienceDaily
An international study led by the Institut de Neurociencies at the Universitat Autonoma de Barcelona (INc-UAB) has shown that increasing levels of the Klotho protein in mice extends lifespan and improves both physical and cognitive health when aging.


						
As we grow older, it is natural to lose muscle and bone mass, leading to greater frailty and a higher risk of falls and serious injuries. Cognitively, neurons progressively degenerate and lose connections, while diseases such as Alzheimer's and Parkinson's become more prevalent. In a society where the population is steadily aging, reducing these effects is one of the main challenges for research.

Now, in an article published in Molecular Therapy, an international research team led by Professor Miguel Chillon, ICREA researcher at the INc-UAB, has shown that increasing levels of the secreted form of the Klotho protein (s-KL) improves aging in mice. The team treated young animals with gene therapy vectors that caused their cells to secrete more s-KL. At 24 months of age, roughly equivalent to 70 years in humans, they found that the treatment had improved the animals' muscle, bone, and cognitive health.

"We have been working with the Klotho protein for some time, due to its therapeutic potential for treating neurodegenerative diseases. In this study, we wanted to see whether s-KL could also be beneficial for healthy aging by examining a broad range of factors," explains Miguel Chillon.

Mice treated with s-KL lived 15-20% longer, with better physical performance, larger muscle fibers, and less fibrosis, indicating better muscle health. Improvements in bone health were also observed, particularly in females, with greater preservation of the internal bone structure (trabeculae), suggesting a potential protective effect against osteoporosis. Finally, in the brain, treatment with s-KL promoted the generation of new neurons and increased immune activity in the hippocampus, suggesting possible cognitive benefits.

The viral vector treatment works by introducing copies of the gene encoding the desired protein into the body's cells, so that they can start producing it on their own. In the mice, these vectors were administered intravenously and directly into the brain to ensure that brain cells also produced s-KL. "We now have viral vectors that can reach the brain after being administered intravenously, which would make it easier to safely transfer this therapy to humans. Another option would be to administer the protein directly as a drug instead of using viral vectors, but we still need to find an efficient way to deliver it and ensure it reaches the target organs," explains Joan Roig-Soriano, INc-UAB researcher and first author of the article.

The research group had already patented the use of Klotho to treat cognitive deficits, and following this study, three new patents were filed. These patents protect the use of Klotho for treating bone and muscle deficits, as well as for developing therapies aimed at increasing longevity.

"If we can find a viable delivery method, s-KL could make a significant contribution to improving people's quality of life and helping to build the healthiest society possible," the researchers conclude.
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Pioneering research reveals tree-mendous potential of inexpensive drones to help community forests flourish and unlock restoration funding | ScienceDaily
Restoring forests at a community level can contribute significantly to helping reach global net zero and biodiversity goals. Accessing carbon and nature payments often requires robust measurements to quantify restoration's positive impact, but these can be beyond the capacity of community organisations.


						
New research, led by the University of Bristol, could provide an answer to this challenge. Its findings show how small, inexpensive drones combined with free, open source software can be used by community forest organisations to calculate and monitor the amount of carbon stored in their forests.

The study results, published in PLOS One, demonstrate that carbon measurements gathered in this way are sufficiently accurate for establishing ongoing restoration monitoring, whilst being much simpler and cheaper than alternative methods, such as satellites and field-based surveys.

Lead author Dr Ben Newport, Honorary Senior Research Associate at the University of Bristol's Cabot Institute for the Environment, said: "Our findings are exciting because they outline a clear and cost-effective workflow for upscaling accurate, transparent forest carbon monitoring from small field plots to tens of hectares -- a scale that aligns well with community forests.

"This could potentially enable community forest groups around the world to engage with restoration funding schemes that would otherwise be beyond their technical capacities and, importantly, democratises data collection and ownership."

The international research team, including scientists from Cardiff University and the Danau Girang Field Centre in Malaysia, used a single lightweight, consumer-grade drone to take around 600 images of a community forest restoration site in Sabah, Malaysian Borneo, covering 2 hectares of selectively logged peat swamp forest.

These images were processed using a technique called Structure-from-Motion photogrammetry, which produces 3D point clouds from sets of overlapping 2D images, allowing the forest canopy height to be calculated. From this the tree biomass was calculated using "allometric" equations and converted into the aboveground carbon currently stored within the restoration site.




The results showed that the drone-based carbon calculations were comparable in accuracy to those derived from field-based measurements.

Dr Newport added: "Importantly, these measurements were produced using only a single drone and data collection took just one afternoon. However, care needs to be taken to select appropriate, regionally calibrated allometric equations to ensure the most accurate results."

There are tens of thousands of community-scale forest restoration projects globally and evidence suggests that these initiatives are more likely to endure than larger scale reforestation schemes.

"The drone we used can be bought for under PS300 second-hand, making this a relatively accessible method for community groups who might have limited funds, especially when considering its repeatability," Dr Newport explained.

"In addition to carbon measurements, communities across Borneo have also used these drones to document illegal mining occurring in their forests, support land tenure claims, and collect imagery to promote ecotourism businesses, so a drone can be an incredibly useful investment.

"But there are potential barriers to using a drone such as permit applications, training, and local opposition to drone flights that mustn't be overlooked, both for this method and other uses.




"In Borneo, local NGOs and research institutes can provide help and assistance in some cases, but there needs to be awareness that technology may not be so 'accessible' for different groups and in different locations."

Study co-author Professor Joanna House, Professor in Environmental Science and Policy at the University of Bristol, added: "The findings are very encouraging because restoring forests at a community level can significantly boost carbon storage and biodiversity gain, particularly when it empowers indigenous and rural communities through inclusion in forest monitoring and management. Experience has shown time and again that community involvement is critical to successful and ethical climate mitigation."

The research publication follows the recent Government announcement that three new national forests will be created to help meet a legally-binding target of achieving 16.5% woodland cover in England by 2050. The first, called The Western Forest, will be made up of new and existing woodlands across Gloucestershire, Wiltshire, Somerset, the Cotswolds and the Mendips as well as in urban areas such as Bristol, Swindon and Gloucester. In addition to enhancing existing woodlands, 20 million trees will be planted to drive forward net zero goals, promote economic growth, and help slow the decline of wildlife species.

Dr Newport, who is also a Land & Habitat Officer for the charity Avon Needs Trees and works to restore woodland and biodiversity across the Avon catchment, said: "It will be interesting to see how these methods can be adapted to involve landowners and stakeholders in the monitoring of forest restoration across the West of England.

"There is huge potential for the inclusion of citizen science in these projects. I'm also very excited to see how the methods outlined in our paper might allow communities in other locations, where funding is more limited, to also better monitor and protect their forests."
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Specialized face mask can detect kidney disease with just your breath | ScienceDaily
Surgical face masks help prevent the spread of airborne pathogens and therefore were ubiquitous during the COVID-19 pandemic. Now, a modified mask could also protect a wearer by detecting health conditions, including chronic kidney disease. Researchers reporting in ACS Sensors incorporated a specialized breath sensor within the fabric of a face mask to detect metabolites associated with the disease. In initial tests, the sensor correctly identified people with the condition most of the time.


						
Kidneys remove waste products made by the body's metabolic processes. But in the case of chronic kidney disease (CKD), these organs have become damaged and lose function over time, which can have wide-ranging implications on a person's health. The U.S. Centers for Disease Control and Prevention estimates that 35 million Americans have CKD, and many more could have the disease without knowing it, possibly at an early stage. Currently, medical professionals diagnose the condition by measuring metabolites in blood or urine, but low-cost, low-tech systems, like the ones made from specialized candies, could make the process easier.

Chemical breath sensors are another diagnostic tool currently being explored because people with CKD exhale elevated levels of ammonia -- a chemical associated with the condition. However, ammonia is also associated with other health conditions. Corrado Di Natale and colleagues wanted to create a specific sensor that simultaneously detects ammonia and other CKD-related metabolites.

For ease of use, they incorporated the sensor into a familiar form: a surgical face mask. To create the breath sensor, the team first coated silver electrodes with a conductive polymer that is commonly used in chemical sensors. The polymer was modified with porphyrins -- molecules sensitive to volatile compounds -- to boost the sensitivity. The coated electrodes were placed between the layers of a disposable medical face mask, and wires connected the device to an electronic readout. When select gases interacted with this specialized polymer, it caused a measurable change of electrical resistance. These initial experiments in air confirmed the high sensitivity of the sensor for CKD-related metabolites, including ammonia, ethanol, propanol and acetone.

Then the specialized face masks were tested on 100 individuals. About half of the participants had a CKD diagnosis, and the other half (the control group) did not. The sensors detected several compounds in the participants' breath, and statistical analysis of the data revealed a clear pattern distinguishing the participants with CKD from the control group. The team's sensor correctly identified when a patient had CKD 84% of the time (true positive) and that a patient did not have CKD 88% of the time (true negative). In addition, the results suggest that the sensor data can be used to estimate the stage of CKD, which could be highly valuable in the diagnostic process.

The researchers say that these findings present the potential for straightforward, non-invasive and cost-effective monitoring of CKD patients.

"The implementation of this technology is expected to enhance the management of CKD patients by facilitating the timely identification of changes in disease progression," say Sergio Bernardini and Annalisa Noce, coauthors of the study.

The authors acknowledge funding from the European Union's NextGenerationEU project.
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Stellar collapse and explosions distribute gold throughout the universe | ScienceDaily
Magnetar flares, colossal cosmic explosions, may be directly responsible for the creation and distribution of heavy elements across the universe, suggests a new study.


						
For decades, astronomers only had theories about where some of the heaviest elements in nature, like gold, uranium and platinum, come from. But by taking a fresh look at old archival data, researchers now estimate that up to 10% of these heavy elements in the Milky Way are derived from the ejections of highly magnetized neutron stars, called magnetars.

Until recently, astronomers had unwittingly overlooked the role that magnetars, essentially dead remnants of supernovae, might play in early galaxy formation, said Todd Thompson, co-author of the study and a professor of astronomy at The Ohio State University.

"Neutron stars are very exotic, very dense objects that are famous for having really big, very strong magnetic fields," said Thompson. "They're close to being black holes, but are not."

While the origins of heavy elements had long been a quiet mystery, scientists knew that they could only form in special conditions through a method called the r-process (or rapid-neutron capture process), a set of unique and complex nuclear reactions, said Thompson.

Scientists saw this process in action when they detected the collision of two super-dense neutron stars in 2017. This event, captured using NASA telescopes, the Laser Interferometer Gravitational wave Observatory (LIGO) and other instruments, provided the first direct evidence that heavy metals were being created by celestial forces.

But further evidence showed that other mechanisms might be needed to account for all these elements, as neutron star collisions might not produce heavy elements fast enough in the early universe. According to this new study, building on these clues helped Thompson and his collaborators recognize that powerful magnetar flares could indeed serve as a potential ejectors of heavy elements, a finding confirmed by 20-year-old observations of SGR 1806-20, a magnetar flare so bright that some measurements of the event could only be made by studying its reflection off the moon.




By analyzing this magnetar flare event, researchers determined that the radioactive decay of the newly created elements matched up with their theoretical predictions about the timing and types of energies released by a magnetar flare after it ejected heavy r-process elements. The researchers also theorized that magnetar flares produce heavy cosmic rays, extremely high-velocity particles whose physical origin remains unknown.

"I love new ideas about how systems work, how new discoveries work, how the universe works," Thompson said. "That's why results like this are really exciting."

The study was recently published in The Astrophysical Journal Letters.

Magnetars may provide unique insights into galactic chemical evolution, including the formation of exoplanetary systems and their habitability.

Not only do magnetars produce valuable metals like gold and silver that end up on Earth, the supernova explosions that cause them also produce elements like oxygen, carbon and iron that are vital for many other, more complex celestial processes.

"All of that material they eject gets mixed into the next generation of planets and stars," said Thompson. "Billions of years later, those atoms are incorporated into what could potentially amount to life."

Altogether, these findings have deep implications for astrophysics, particularly for scientists studying the origin of both heavy elements and fast radio bursts -- brief shivers of electromagnetic radio waves from faraway galaxies. Understanding how matter ejects from magnetars could help scientists learn more about them.




Due to their rarity and short duration, magnetar flares can be difficult to observe,

and current space-based telescopes like the James Webb Space Telescope and Hubble don't have the dedicated abilities needed to detect and study their emission signals. Even more specialized observatories like NASA's Fermi Gamma-ray Space Telescope can only see the brightest part of gamma-ray flashes from nearby galaxies.

Instead, one proposed NASA mission, the Compton Spectrometer and Imager (COSI), could bolster the team's work by surveying the Milky Way for energetic events like giant magnetar flares. Though another event like SGR 1806-20 might not occur this century, if a magnetar flare did detonate in our backyard, COSI could be used to better identify the individual elements created from its eruption and allow this team of researchers to confirm their theory about where heavy elements in the universe come from.

"We're generating a bunch of new ideas about this field, and ongoing observations will lead to even more great connections," said Thompson.

The study was supported by the National Science Foundation, NASA, the Charles University Grant Agency and the Simons Foundation. Co-authors include Anirudh Patel and Brian D. Metzger from Columbia University, Jakub Cehula from Charles University in Prague, Eric Burns from Louisiana State University and Jared A. Goldberg from the Flatiron Institute.
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Fewer parasites in the Indian River lagoon signal big ecosystem problems | ScienceDaily
While an abundance of parasites might seem like a bad thing, their absence actually signals trouble in the environment. Parasites are found throughout nature and are part of nearly every major animal group. Many ecosystems with rich wildlife also have a wide variety of parasites, since parasites depend on specific hosts to survive.


						
When human activities like pollution disturb ecosystems, these host-parasite relationships can break down. Because some parasites need several different hosts to complete their life cycles, their presence can tell us a lot about the health and complexity of an ecosystem.

In the 1970s, the Indian River Lagoon (IRL) was considered one of Florida's cleanest coastal lagoons. Today, the IRL, which spans 156 miles along Florida's east coast, suffers from frequent harmful algae blooms (HABs) caused by excess nutrients from farms, septic systems and urban areas. These blooms have severely reduced seagrass beds -- vital habitats for fish and invertebrates -- which still haven't recovered.

As such, researchers from Florida Atlantic University's Harbor Branch Oceanographic Institute and Charles E. Schmidt College of Science and from Florida Oceanographic Society suspected that parasite levels in the IRL would be affected by these environmental changes. Despite a few records, no long-term parasite datasets exist for the IRL. To help fill that gap, researchers used a meta-analysis approach -- comparing their findings with global data from similar species and ecosystems.

Results of the study, published in the journal Estuaries and Coasts, found that parasites were less common in the IRL compared to other coastal and estuarine ecosystems around the world. In fact, the proportion of infected hosts in the IRL was about 11% lower than what is typically observed in similar environments.

More importantly, researchers saw an even bigger drop -- about 17% -- in the prevalence of larval-stage parasites that rely on multiple hosts to complete their life cycles. These types of parasites often depend on a stable and complex food web, moving from prey to predator as they develop. The fact that they're much less common in the IRL suggests the local food web may be simplified or disrupted, likely due to environmental stressors like pollution, habitat loss and recurring algae blooms. This reduced complexity could mean fewer interactions between species and a less resilient ecosystem overall.

"The Indian River Lagoon is mostly surrounded by suburban development, but our parasite findings suggest its food web looks more like those found in heavily urbanized areas," said Christopher Moore, Ph.D., senior author and postdoctoral researcher at the University of Florida, who conducted the study as a postdoctoral fellow at FAU Harbor Branch. "Water quality problems and patchy seagrass cover likely limit how freely host species can move, which in turn reduces parasite presence and signals a simpler, more fragile ecosystem. As restoration continues, our parasite data can serve as a useful baseline to track how the lagoon's food web recovers after years of nutrient pollution and habitat decline."

From October 2022 to October 2023, researchers sampled six sites in the central and southern IRL, focusing on areas where seagrass was starting to regrow after a 2019 algae bloom die-off. They collected and dissected fish and crustaceans, recording parasites with complex life cycles -- like nematodes, tapeworms, flukes and parasitic isopods. They used both visual ID and DNA barcoding to identify the parasites, and compared their results with other studies to see how the IRL measures up in terms of parasite presence and abundance.




Crustaceans and fish in the IRL had lower parasite infection rates than similar species in other ecosystems -- 11% lower in crustaceans and 8% lower in fish. Fewer parasites also used these animals as final hosts -- 5% less for crustaceans and 11% less for fish. While small intertidal fish typically host more parasites than crustaceans in other systems, the IRL showed no such difference. Overall, parasite prevalence in the IRL was 34% lower, with the biggest decline in digenetic trematodes (15%), isopods (20%) and nematodes (9%).

"These results highlight a striking shift in the ecological health of the Indian River Lagoon," said Michael McCoy, Ph.D., co-author and a professor at FAU's Harbor Branch and Charles E. Schmidt College of Science. "The significantly lower parasite prevalence -- especially among trematodes, isopods and nematodes -- suggests a disruption in the biodiversity needed to support the parasites' complex life cycles. Parasites are often invisible indicators of ecosystem integrity, and here, their scarcity is telling us something important."

Parasites with identifiable larval stages, like tapeworms (cestodes), thorny-headed worms (acantocephalans) and flukes (trematodes), were also much less common than expected. No larval tapeworms or acanthocephalans were found in the crabs, suggesting these complex parasites are largely absent in the lagoon. Though only crabs were studied, this points to a general lack of these parasites in the area.

"Just like Washington state's Puget Sound -- a complex estuarine system of interconnected marine waterways and basins -- our parasite data suggest that food webs in the Indian River Lagoon are being disrupted, largely due to seagrass loss," said Moore. "These disruptions have led to declines in meso-predators like sea trout, whose numbers dropped sharply after harmful algal blooms first appeared in 2011. These blooms, driven by excess nutrients, damage seagrass habitats and upset the balance of predators and prey in the ecosystem."

Study co-author is Krista McCoy, Ph.D., director of research and conservation at the Florida Oceanographic Society.

This research was supported by the Harbor Branch Oceanographic Institute Specialty License Plate fund (PWD #AWD-002997).
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Risk groups for type 2 diabetes can also be identified at an older age | ScienceDaily
A recent study furnishes evidence that in people without diabetes, six risk groups for cardiometabolic complications previously identified in middle-aged people can also be identified in older people. In cooperation with Helmholtz Munich, the researchers at the German Diabetes Center (DDZ) also showed that there is a special risk group characterized by the combination of a high inflammatory load, a measure of silent inflammatory processes, and a high risk of type 2 diabetes and complications.


						
As part of the prospective population study KORA F4/FF4 (Cooperative Health Research in the Augsburg Region), 843 people aged 61 to 82 without type 2 diabetes were classified into six risk groups that are called clusters. The clusters were initially described by Prof. Dr. Robert Wagner, Head of the Clinical Study Center of the Institute of Clinical Diabetology and Deputy Director of the Clinic for Endocrinology and Diabetology at the University Hospital of Dusseldorf (UKD), and employees and differ in terms of the risk of developing type 2 diabetes and (pre-)diabetes-related complications such as chronic kidney disease, nerve damage and cardiovascular disease.

Risk of type 2 diabetes and complications varies depending on the cluster

Cluster 2 ("very low risk") showed the lowest risk of cardiovascular disease and the lowest inflammation levels, while cluster 5 ("high risk with insulin-resistant fatty liver") showed the highest inflammation levels as well as a high disease burden. The frequency of new cases (incidence) of type 2 diabetes was significantly higher in clusters 3, 4, 5 and 6 than in cluster 2.

An inflammation index, what is called the inflammatory load, was derived on the basis of 73 inflammation markers. This load was significantly increased in cluster 5 in particular, indicating extensive inflammatory processes as a possible driver of metabolic derailments.

"The results illustrate the importance of early differentiation of risk groups -- even at an advanced age," emphasizes Prof. Dr. Christian Herder, Deputy Director and Head of the Inflammation Working Group of the Institute of Clinical Diabetology at the DDZ. Prof. Dr. Michael Roden, Scientific Managing Director and Spokesman of the Board of the DDZ and Director of the Clinic for Endocrinology and Diabetology at the UKD, explains: "This study underlines the individual differences in the risk of diabetes and diabetes-related diseases and thus edges the way to more precise early detection and prevention, even at an older age."
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New roadmap advances catalytic solutions to destroy 'forever chemicals' | ScienceDaily
A team of researchers from Rice University, Carnegie Mellon University and other leading global institutions has outlined a bold new roadmap for harnessing heterogeneous catalysis to destroy per- and polyfluoroalkyl substances (PFAS), the so-called "forever chemicals" that have contaminated water supplies worldwide.


						
In a study published in Nature Water, the international team of environmental engineers, chemists and catalysis experts assessed current catalytic technologies for PFAS destruction, proposed a suite of innovations to overcome existing limitations and emphasized the urgent need for holistic performance metrics that reflect true environmental and public health benefits.

"Catalysis offers a promising path to completely break down PFAS molecules, but current approaches are still far from optimal," said Michael Wong, co-author and chair of the Department of Chemical and Biomolecular Engineering at Rice. "We need smarter design, better process integration and a more nuanced way of comparing technologies that accounts for energy, cost and toxicity reduction."

PFAS are synthetic compounds used in products from firefighting foams to cookware and personal care products. Their carbon-fluorine bonds are among the strongest in chemistry, making them extremely persistent in the environment and difficult to degrade. Conventional water treatments such as reverse osmosis and activated carbon filters only separate PFAS from water, meaning toxic waste is left behind.

"Heterogeneous catalysis -- the use of solid materials to speed up chemical reactions -- has the potential to not only separate but actually mineralize PFAS into harmless by-products," said Gregory Lowry, corresponding author and a Hamerschlag University Professor of Civil and Environmental Engineering at Carnegie Mellon. "But these systems face multiple hurdles, including poor selectivity, incomplete defluorination and high energy demands."

One of the team's key recommendations is a pretreatment step to simplify the complex soup of PFAS often found in industrial waste or contaminated groundwater. Using known homogeneous chemical reactions, they postulate that these mixtures can be transformed into a smaller set of better-understood compounds, paving the way for more effective catalytic destruction.

"Thinking of complex PFAS treatment as a multistep process that will require many steps makes catalyst design much more tractable," said Sarah Glass, co-first author and graduate student in civil and environmental engineering at Rice. "Designing and using treatment techniques that are really efficient for a certain step of degradation can improve overall efficiency and accelerate the development of real-world catalytic solutions."

The researchers proposed a sequential "treatment train," where simplified PFAS mixtures are processed through tailored catalytic steps. First, the process removes specific chemical head groups from the PFAS molecules. Next, it shortens their long perfluorinated carbon chains, stripping away the fluorine atoms -- the key to their persistence. Finally, the remaining fluorinated fragments are broken down into safe, naturally occurring substances like carbon dioxide, water and fluoride ions. Each step uses a specialized catalyst tailored to the chemical structure at that stage. For example, titanium-based materials are used to speed up oxidation, while palladium helps swap out fluorine atoms for hydrogen in a process called reductive hydrodefluorination. This approach ensures that even complex PFAS mixtures can be effectively destroyed rather than just absorbed onto a solid, requiring additional treatment.




"Think of it as a relay race," said Thomas Senftle, co-author and the William Marsh Rice Trustee Associate Professor in Chemical and Biomolecular Engineering at Rice. "Each catalyst hands off a partially degraded PFAS to the next until the molecule is completely broken down. Our goal is total defluorination."

The researchers stressed the importance of creating catalysts that can target and break down PFAS without being distracted by other substances commonly found in contaminated water. To do this, they are exploring catalyst surfaces that better attract PFAS and are using computer models and machine learning to predict reactions and optimize catalyst design.

"We're still learning which PFAS break down under which conditions," said Pedro Alvarez, co-author, the George R. Brown Professor of Civil and Environmental Engineering and director of the Rice Water Technologies Entrepreneurship and Research Institute. "Data-driven simulations can dramatically speed up the discovery process."

The team also introduced a new energy metric called electrical energy per order of defluorination (EEOD) to fairly compare how efficiently different catalytic systems break fluorine-carbon bonds. Unlike traditional removal metrics, EEOD focuses on true degradation, not just separation.

The study concludes with a call for interdisciplinary collaboration and open data sharing to refine PFAS treatment strategies, with the need for scalable, cost-effective destruction methods greater than ever.

"PFAS are a generational challenge," Wong said. "We owe it to future generations to find smart, sustainable solutions, and catalysis can be one of them."

This research was supported by funding from the National Science Foundation, the National Institute of Environmental Health Sciences, a Dean's Fellowship from the College of Engineering at Carnegie Mellon and the National Natural Science Foundation of China.
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Junk food for thought: Landmark study directly links ultra-processed foods to poor health | ScienceDaily
A landmark study exploring Canadians' consumption of chips, frozen pizzas, breakfast cereals and other ultra-processed foods typically loaded with fat, sugar and additives has confirmed these foods are directly and significantly linked to poor health outcomes.


						
Researchers at McMaster University investigated the relationship between ultra-processed food (UPF) consumption and risk factors including blood pressure, cholesterol levels (LDL and HDL), waist circumference and body mass index (BMI).

Their study is the first in Canada to leverage population-based and robust biomarker data to examine this relationship.

The team analyzed data from more than 6,000 adults across Canada, representing a diverse range of ages, health conditions and socio-economic backgrounds. The subjects completed a questionnaire for the Canadian Health Measures Survey, conducted by Health Canada and Statistics Canada, and were then personally assessed at mobile clinics.

Individuals who consumed the most UPF were more likely to be men, and to have lower income levels, less education and to have reported lower fruit and vegetable intake. They had significantly higher BMI, waist circumference, blood pressure, insulin, and triglyceride levels than those who consumed the least UPF.

Researchers noted that many links between UPF consumption and cardiometabolic risk factors remained significant even after adjusting for BMI, suggesting that ultra-processed foods may influence health through mechanisms beyond weight gain, such as inflammation, insulin resistance, and poor metabolic regulation -- all well-established predictors of heart disease and type 2 diabetes.

The associations persisted even after adjusting for physical activity, smoking, the total amount of food consumed and socioeconomic factors including income and education.




"We have this very complex food supply that is more than just the nutritional composition of a food," explains Anthea Christoforou, an assistant professor in the Department of Kinesiology at McMaster University and senior author of the paper.

"It may be about the additives. The way the food is prepared. It's related to the packaging and the marketing of that food. All these things come together to create this food environment that really affects the healthfulness of our diets."

The study, published today in the journal of Nutrition and Metabolism, uncovered a strong association between UPF consumption and the presence of C-reactive protein (CRP), which the liver produces in response to inflammation, as well as an increase of white blood cells.

"These two biomarkers indicate that these foods are causing an inflammatory response in our bodies. In a sense, this suggests that our bodies are seeing these as non-foods, as some kind of other element," says Christoforou.

UPFs are ready-to-eat, pre-packaged foods, often high in sodium, sugar and unhealthy fats, while being low in fibre, minerals and vitamins. They are often more convenient, heavily marketed, and appeal to time-pressed consumers, factors that may contribute to higher consumption among lower-income groups and growing health disparities.

Researchers point out that such foods have come to dominate the global food supply, particularly in middle- and high-income countries. Canadian study participants consumed an average of more than three servings of UPFs per day, but those who consumed the highest amounts averaged six servings daily, and researchers believe UPFs may be replacing healthier foods such as fruits and vegetables.




"Ultra-processed foods are impacting health across all socioeconomic groups," says Angelina Baric, a graduate student in the Department of Kinesiology at McMaster and co-author of the study. "While some populations are more exposed to these foods, our findings show that the health risks persist independently of income and education. This highlights the need for broad, equitable food policies that protect everyone."

Health Canada currently recommends reducing the consumption of processed foods as part of its healthy eating guidelines and has begun consultations to develop broader strategies for limiting UPFs in the Canadian food supply.

"We found consistent evidence that eating ultra-processed foods is associated with cardiometabolic risk factors, which not only reinforces the evidence we have seen linking these foods with rising overweight and obesity rates in Canada and other parts of the world, but also provides more detailed information about what's happening in the body before a full disease," says Baric.

In future, the research team plans to develop a study on children's eating habits as related to processed foods, and female health, focusing on fertility, menses and the onset of menopause.

They are also investigating the biological mechanisms by which UPFs may trigger inflammation and metabolic dysfunction and exploring the role of affordability and food environments in driving UPF consumption -- with the aim of informing more equitable public health strategies.
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AI-human task-sharing could cut mammography screening costs by up to 30% | ScienceDaily
The most effective way to harness the power of artificial intelligence when screening for breast cancer may be through collaboration with human radiologists -- not by wholesale replacing them, says new research co-written by a University of Illinois Urbana-Champaign expert in the intersection of health care and technology.


						
The study finds that a "delegation" strategy -- where AI helps triage low-risk mammograms and flags higher-risk cases for closer inspection by human radiologists -- could reduce screening costs by as much as 30% without compromising patient safety.

The findings could help shape how hospitals and clinics integrate AI into their diagnostic workflows amid a growing demand for early breast cancer detection and a shortage of radiologists, said Mehmet Eren Ahsen, a professor of business administration and Deloitte Scholar at Illinois.

"We often hear the question: Can AI replace this or that profession?" Ahsen said. "In this case, our research shows that the answer is 'Not exactly, but it can certainly help.' We found that the real value of AI comes not from replacing humans, but from helping them via strategic task-sharing."

The study, which was published by the journal Nature Communications, was co-written by Mehmet U. S. Ayvaci and Radha Mookerjee of the University of Texas at Dallas; and Gustavo Stolovitzky of the NYU Grossman School of Medicine and NYU Langone Health.

The researchers developed a decision model to compare three decision-making strategies in breast cancer screening: an expert-alone strategy -- the current clinical norm in which radiologists read every mammogram; an automation strategy, in which AI assessed all mammograms without human oversight; and a delegation strategy, in which AI performed an initial screening and referred ambiguous or high-risk cases to radiologists.

The model accounted for a wide range of costs, including implementation, radiologist time, follow-up procedures and potential litigation. It evaluated outcomes using real-world data from a global AI crowdsourcing challenge for mammography, which was sponsored as part of the White House Office of Science and Technology Policy's Cancer Moonshot initiative of 2016-17.




The researchers found that the delegation model outperformed both the full automation and the expert-alone approaches, yielding up to 30.1% in cost savings, according to the paper.

While the idea of fully automating radiological tasks may seem appealing from an efficiency standpoint, the study cautions that current AI systems still fall short of replacing human judgment in complex or borderline cases.

"AI is excellent at identifying low-risk mammograms that are relatively straightforward and easy to interpret," said Ahsen, also the Health Innovation Professor at the Carle Illinois College of Medicine. "But for high-risk or ambiguous cases, radiologists still outperform AI. The delegation strategy leverages this strength: AI streamlines the workload, and humans focus on the toughest cases."

With nearly 40 million mammograms performed annually in the U.S. alone, breast cancer screening is a critical public health tool. Yet the process is time-intensive and costly, in both labor and follow-up procedures triggered by false positives. And when cancers are missed, the resulting false negatives can lead to significant harm for patients and health care providers, Ahsen said.

"One of the issues in mammography is, because of the sheer number of screenings performed, that it generates so many false positives and false negatives," Ahsen said. "If you have a 10% false positive rate out of 40 million mammograms per year, that's four million women who are being recalled to the hospital for more appointments, screenings and tests, and potentially biopsies."

That whole process only increases stress and anxiety for the patient, Ahsen said.




"It's a nightmare scenario," he said. "Follow-up appointments often take weeks, leaving patients with a black cloud hanging over their heads. It's a very stressful time for them."

With AI and the delegation model, it's possible that health care providers could streamline the process.

"You get screened, AI sees something it doesn't like and immediately flags you for follow-up, all while you're still at the hospital," Ahsen said. "It has the potential to be that much more efficient of a workflow."

The research also raises broader questions about how AI should be implemented and regulated in medicine.

"The delegation strategy works best when breast cancer prevalence is either low or moderate," Ahsen said. "In high-prevalence populations, a greater reliance on human experts may still be warranted. But an AI-heavy strategy also might work well in situations where there aren't a lot of radiologists -- in developing countries, for example."

Another potential landmine involves legal liability. If AI systems are held to stricter liability standards than human clinicians, then "health care organizations may shy away from automation strategies involving AI, even when they are cost-effective," Ahsen said.

The findings are potentially applicable to other areas of medicine such as pathology and dermatology, where diagnostic accuracy is critical, but AI is potentially able to improve workflow efficiency.

With the infinite work capacity of AI, "we can use it 24/7, and it doesn't need to take a coffee break," Ahsen said. "AI is only going to continue to make inroads into health care, and our framework can guide hospitals, insurers, policymakers and health care practitioners in making evidence-based decisions about AI integration.

"We're not just interrogating what AI can do -- we're asking if it should do it, and when, how and under what conditions it should be deployed as a tool to help humans."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250507130005.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



NFL players more likely to injure knee after shorter rest period | ScienceDaily
National Football League (NFL) players may be more likely to sustain a specific type of knee injury if they have a shorter period of rest between games, according to researchers from the University of Missouri School of Medicine.


						
Knee injuries are the most common in the NFL, though this study looked specifically at a rupture or tear of the extensor mechanism, the combination of muscles and tendons that allow the knee to straighten.

"The extensor mechanism is critical for knee stability and joint extension, and such an injury could threaten an athlete's career," study author Dr. Steven DeFroda said. "Damage can make it very painful to walk, let alone play."

Using publicly available data from the 2009-2023 seasons, researchers determined that players were 3.7 times more likely to suffer a tear during a short rest week than a long rest week or resting less than seven days versus a period of over seven days.

Players were also 4.7 times more likely to suffer a tear during a normal rest week, or for exactly seven days, than long rest weeks. DeFroda and his team found no meaningful difference when comparing injury risks after short and normal rest weeks.

"This does highlight that certain injuries likely occur because of 'microtrauma' that accumulates over a long season, and that longer periods of rest could be warranted for athletes, especially if they are showing signs of fatigue or an inability to recovery between games," DeFroda said.

They also found no association between player position, age or weight -- however, there was an increased risk of ruptures for players when playing on artificial turf versus playing on grass. This corresponds with other research that suggests more injuries occur on turf, since rubber and synthetic fibers don't absorb as much impact force.

"Studies like these can help us think about how athletes get injured and work on strategies to prevent some of these injuries from occurring," DeFroda said. "Recovery time and the cumulative effects of injury are crucial to monitor, especially as athletes play more games and in a shorter time span than ever before."

Steven DeFroda, MD is an orthopaedic surgeon at MU Health Care and an assistant professor of orthopedic surgery at the MU School of Medicine. He also serves as an official team doctor for the Mizzou Athletics volleyball, baseball and softball teams, and has served as an assistant team physician for the Chicago White Sox, Chicago Bulls and Chicago Fire.
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Physicists snap the first images of 'free-range' atoms | ScienceDaily
MIT physicists have captured the first images of individual atoms freely interacting in space. The pictures reveal correlations among the "free-range" particles that until now were predicted but never directly observed. Their findings, appearing in the journal Physical Review Letters, will help scientists visualize never-before-seen quantum phenomena in real space.


						
The images were taken using a technique developed by the team that first allows a cloud of atoms to move and interact freely. The researchers then turn on a lattice of light that briefly freezes the atoms in their tracks, and apply finely tuned lasers to quickly illuminate the suspended atoms, creating a picture of their positions before the atoms naturally dissipate.

The physicists applied the technique to visualize clouds of different types of atoms, and snapped a number of imaging firsts. The researchers directly observed atoms known as "bosons," which bunched up in a quantum phenomenon to form a wave. They also captured atoms known as "fermions" in the act of pairing up in free space -- a key mechanism that enables superconductivity.

"We are able to see single atoms in these interesting clouds of atoms and what they are doing in relation to each other, which is beautiful," says Martin Zwierlein, the Thomas A. Frank Professor of Physics at MIT.

In the same journal issue, two other groups report using similar imaging techniques, including a team led by Nobel laureate Wolfgang Ketterle, the John D. MacArthur Professor of Physics at MIT. Ketterle's group visualized enhanced pair correlations among bosons, while the other group, from Ecole Normale Superieure in Paris, led by Tarik Yefsah, a former postdoc in Zwierlein's lab, imaged a cloud of noninteracting fermions.

The study by Zwierlein and his colleagues is co-authored by MIT graduate students Ruixiao Yao, Sungjae Chi, and Mingxuan Wang, and MIT assistant professor of physics Richard Fletcher.

Inside the cloud

A single atom is about one-tenth of a nanometer in diameter, which is one-millionth of the thickness of a strand of human hair. Unlike hair, atoms behave and interact according to the rules of quantum mechanics; it is their quantum nature that makes atoms difficult to understand. For example, we cannot simultaneously know precisely where an atom is and how fast it is moving.




Scientists can apply various methods to image individual atoms, including absorption imaging, where laser light shines onto the atom cloud and casts its shadow onto a camera screen.

"These techniques allow you to see the overall shape and structure of a cloud of atoms, but not the individual atoms themselves," Zwierlein notes. "It's like seeing a cloud in the sky, but not the individual water molecules that make up the cloud."

He and his colleagues took a very different approach in order to directly image atoms interacting in free space. Their technique, called "atom-resolved microscopy," involves first corralling a cloud of atoms in a loose trap formed by a laser beam. This trap contains the atoms in one place where they can freely interact. The researchers then flash on a lattice of light, which freezes the atoms in their positions. Then, a second laser illuminates the suspended atoms, whose fluorescence reveals their individual positions.

"The hardest part was to gather the light from the atoms without boiling them out of the optical lattice," Zwierlein says. "You can imagine if you took a flamethrower to these atoms, they would not like that. So, we've learned some tricks through the years on how to do this. And it's the first time we do it in-situ, where we can suddenly freeze the motion of the atoms when they're strongly interacting, and see them, one after the other. That's what makes this technique more powerful than what was done before."

Bunches and pairs

The team applied the imaging technique to directly observe interactions among both bosons and fermions. Photons are an example of a boson, while electrons are a type of fermion. Atoms can be bosons or fermions, depending on their total spin, which is determined by whether the total number of their protons, neutrons, and electrons is even or odd. In general, bosons attract, whereas fermions repel.




Zwierlein and his colleagues first imaged a cloud of bosons made up of sodium atoms. At low temperatures, a cloud of bosons forms what's known as a Bose-Einstein condensate -- a state of matter where all bosons share one and the same quantum state. MIT's Ketterle was one of the first to produce a Bose-Einstein condensate, of sodium atoms, for which he shared the 2001 Nobel Prize in Physics.

Zwierlein's group now is able to image the individual sodium atoms within the cloud, to observe their quantum interactions. It has long been predicted that bosons should "bunch" together, having an increased probability to be near each other. This bunching is a direct consequence of their ability to share one and the same quantum mechanical wave. This wave-like character was first predicted by physicist Louis de Broglie. It is the "de Broglie wave" hypothesis that in part sparked the beginning of modern quantum mechanics.

"We understand so much more about the world from this wave-like nature," Zwierlein says. "But it's really tough to observe these quantum, wave-like effects. However, in our new microscope, we can visualize this wave directly."

In their imaging experiments, the MIT team were able to see, for the first time in situ, bosons bunch together as they shared one quantum, correlated de Broglie wave. The team also imaged a cloud of two types of lithium atoms. Each type of atom is a fermion, that naturally repels its own kind, but that can strongly interact with other particular fermion types. As they imaged the cloud, the researchers observed that indeed, the opposite fermion types did interact, and formed fermion pairs -- a coupling that they could directly see for the first time.

"This kind of pairing is the basis of a mathematical construction people came up with to explain experiments. But when you see pictures like these, it's showing in a photograph, an object that was discovered in the mathematical world," says study co-author Richard Fletcher. "So it's a very nice reminder that physics is about physical things. It's real."

Going forward, the team will apply their imaging technique to visualize more exotic and less understood phenomena, such as "quantum Hall physics" -- situations when interacting electrons display novel correlated behaviors in the presence of a magnetic field.

"That's where theory gets really hairy -- where people start drawing pictures instead of being able to write down a full-fledged theory because they can't fully solve it," Zwierlein says. "Now we can verify whether these cartoons of quantum Hall states are actually real. Because they are pretty bizarre states."

This work was supported, in part, by National Science Foundation through the MIT-Harvard Center for Ultracold Atoms, as well as by the Air Force Office of Scientific Research, the Army Research Office, the Department of Energy, the Defense Advanced Projects Research Agency, a Vannevar Bush Faculty Fellowship, and the David and Lucile Packard Foundation.
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Smart spongy device captures water from thin air | ScienceDaily
Engineers from Australia and China have invented a sponge-like device that captures water from thin air and then releases it in a cup using the sun's energy, even in low humidity where other technologies such as fog harvesting and radiative cooling have struggled.


						
The water-from-air device remained effective across a broad range of humidity levels (30 -- 90%) and temperatures (5 -- 55 degrees Celsius).

Senior researcher Dr Derek Hao, from RMIT University in Melbourne, said the invention relied on refined balsa wood's naturally spongy structure, modified to absorb water from the atmosphere and release it on demand.

The wood-based composite developed by the team for their research fit snuggly into a cup with a dome lid and anti-pollution tray, a cooling mechanism and an activation system powered by the sun.

"Billions of people around the world lack access to drinkable water, and millions die from water-borne diseases every year," said Hao, a materials scientist and environmental engineer in RMIT's School of Science.

Hao was corresponding author on the study, which was done in collaboration with five Chinese research institutions, led by Dr Junfeng Hou from Zhejiang A&F University.

"Our team has invented a device comprising wood's spongy scaffolding, lithium chloride, iron oxide nanoparticles, a carbon nanotube layer and other specialised features," Hao said.




The team used artificial intelligence for accurate prediction and optimisation of the device's water harvesting and discharging performance under varying environmental conditions.

Watershed moment

The spongy material, which is an early-stage lab prototype, absorbs moisture from the atmosphere when the cup's lid is open. When the lid is closed under sunlight, water is released into the cup.

Under laboratory conditions, the water-from-air device absorbed about 2 milliliters of water per gram of material at 90% relative humidity and released nearly all the water within 10 hours under sun exposure -- higher than most other known methods and at less cost. With nine sponge cubes, each weighing 0.8 grams, 15 milliliters of water can be absorbed and released into the cup.

"In outdoor tests, our device captured 2.5 milliliters of water per gram overnight and released most of it during the day, achieving a daily water collection efficiency of 94%," Hou said.

"At 30% humidity, our device absorbed water at about 0.6 milliliters per gram.




"These results highlight its potential use in off-grid, solar-driven water harvesting systems."

Benefits of the nature-inspired design

Hao said the use of natural wood as a matrix not only reduced costs but also provided structural integrity and enhanced water transport through its porous architecture.

"These features enable the material to be manufactured in large quantities and deployed in real-world applications such as water collection in remote or arid regions," he said.

"The device retained its flexibility and water-absorbing function even after being stored at [?]20 degrees Celsius for 20 days, demonstrating excellent freeze resistance.

"Its moisture absorption-release performance was stable across 10 consecutive cycles, with less than 12% decline in efficiency."

Potential applications and scalability

Hao said the device would be suited to emergency scenarios, such as in the wake of natural disasters where water supplies have been compromised, if the team can scale-up and optimise the modular innovation.

"The current demonstration unit size is 15 cubic millimeters. It would be very easy to prepare a larger unit, or we can use the units to form an array," Hao said.

"Its ability to harvest potable water from the atmosphere using only sunlight makes it invaluable in disaster-stricken areas where traditional water sources are compromised. The system's portability and reliance on renewable energy further enhance its applicability in such contexts."

Hao said the material was designed with scalability and affordability in mind.

"The main component, balsa wood, is widely available, biodegradable and cheap, and the manufacturing process is not complex, which could enable mass production.

"The demonstrated stable performance over multiple cycles and in various environmental conditions indicates longevity and cost-effectiveness."

Hao said the team was in discussion with prospective industry partners on pilot-scale production and field deployment, integration into modular water-from-air harvesting systems.

"Solar panels combined with thermal energy storage could enable round-the-clock operation, particularly in areas with intermittent sunlight," he said.

Developing automated control systems using Internet of Things sensors to monitor relative humidity, temperature and solar intensity could further optimise water harvesting cycles, Hao said.

"Building on the artificially intelligent design used in the study, more advanced design platforms could be developed to screen new material combinations and predict long-term water absorption and release performance," he said.
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Triassic fossil reveals nature's best jaw for hunting fast fish | ScienceDaily
The best jaw for hunting fast fish is long and full of sharp teeth.


						
This makes sense to us, but it also makes sense in nature: New fossil evidence from Virginia Tech geoscientists revealed that different species of predatory fish independently evolved similar jaw structure hundreds of millions of years apart.

"The same evolutionary problem is being solved in the same way. You make yourself into an arrow, and you turn your jaws into a fish trap," said Jack Stack, a graduate student in the Department of Geosciences and lead author on an April study published the Journal of Vertebrate Paleontology.

Working alongside paleobiologists Michelle Stocker and Sterling Nesbitt with junior microbiology major Maranda Stricklin, Stack drew this conclusion by analyzing a fossilized Triassic-era fish, Saurichthys justicias (pronounced sir-ick-these), sifted out of an ancient river deposit in western Texas.

This particular deposit has been a treasure trove for the Virginia Tech fossil team. But it probably was "pretty gross" when the river was flowing 225 million years ago, Stack said.

"It was a muddy little pool, full of poop and dead animals, dead fish," Stack said.

The paleobiologists recognized a fossiliferous rock layer when they spotted fossil fish scales, a telltale sign that more fossils could be found beneath the surface.




After collecting and screenwashing sediment from the site, they sorted it under a microscope and took high-resolution photos. When the jawbone emerged, Stricklin took point. The undergraduate researcher used micro-CT scanning technology to create a three-dimensional cross section, revealing all that remained of a foot-long skillful killer.

The wicked countenance resembles modern-day pike or needlefish with their elongated toothy jaws, and yet Saurichthys justicias evolved entirely independently from these fish. It is from an extinct branch of ray-finned fishes -- a group that comprises more than 50 percent of all living vertebrate species, including familiar animals such as goldfish, tuna, bass, and approximately 35,000 other species.

In addition to uncovering how and why certain evolutionary traits reemerge again and again, long-lost Saurichthys justicias is already helping scientists reconstruct the history of ray-finned fish to better understand today's animals and better anticipate how they will respond to freshwater ecosystem changes still to come.

New genus and species
    	The genus name Saurichthysderives from the Greek word "sauros" meaning lizard and the Greek word "Ichthus"meaning fish.
    	The species name justicias derives from the Latin term "iustitia" meaning justice, named for the town of Justiceburg, Texas, where the fossil was unearthed.
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Smart lactation pads can monitor safety of breast milk in real time | ScienceDaily
Scientists at the University of Southern California (USC) have developed a lactation pad equipped with sensing technology that allows parents of newborns to monitor breast milk in real time. Publishing in the Cell Press journal Device on May 7, their work shows that the device is capable of ensuring that breast milk contains safe levels of the painkiller acetaminophen, which is often prescribed after childbirth and can be transferred to breastfeeding infants.


						
"Our device represents a major innovation," says first author Maral Mousavi, an assistant professor of biomedical engineering at USC. "It is the first wearable tool for direct biochemical analysis in breast milk and the first lactation pad embedded with real-time sensing technology. This technology has the potential to empower lactating individuals with actionable health insights, supporting both maternal and infant health in ways that have never before been possible."

To make the device, the researchers installed electrodes and tiny channels into a lactation pad -- an apparatus that nursing parents often wear throughout the day to protect their clothes from leaking breast milk. The smart lactation pad functions by measuring samples of the milk for acetaminophen as lactating parents go about their regular routines without requiring additional effort from the parent.

Since the smart pad continuously monitors levels of acetaminophen in the milk throughout the day, it also offers a tool for scientists to better understand how drugs are transferred into breast milk, says Mousavi.

"While it is generally safe at recommended doses, acetaminophen overexposure is a leading cause of acute liver failure in children," she says. "It remains the most common reason for liver transplants related to drug toxicity."

The researchers were inspired to build the lactation pad after a graduate student in their research group gave birth and was prescribed acetaminophen to manage her postpartum pain. Despite the importance of breast milk as a source of nutrition for infants and its ability to help their fragile immune systems develop, the team found that few technologies existed to monitor its safety in real time. While a few companies offer mail-in services, these services involve collecting samples in specialized kits that can be costly and waiting days or weeks for results.

"Given the risks and the critical decision-making parents face around breastfeeding and medication use, we wanted to create a tool that empowers them with real-time, personalized information rather than leaving them to rely on generalized drug-safety charts or delayed lab testing," says Mousavi.




The team hopes that the smart lactation pad can help parents make more informed decisions about breastfeeding after taking medications, such as optimizing the "pump and dump" strategy or discarding breast milk when drug levels are the highest.

In addition to painkillers, the authors note that new mothers are also commonly prescribed antibiotics or antifungals, and although these medications are generally considered safe to take while breastfeeding, they aren't always benign.

While the version of the smart pad described in this study was developed to measure acetaminophen, Mousavi says that it can be adapted to detect other drugs and biomarkers for assessing health. For example, Mousavi and colleagues recently demonstrated another lactation pad with an embedded sensor designed to monitor glucose levels in breast milk -- a function which she says could help parents manage their nutrition and address conditions such as gestational diabetes.

Currently, the device is only able to measure milk produced from natural leakage, meaning its applications may be limited when little leakage occurs. The pads are also disposable, so a new lactation pad is required for each new test. The researchers are currently working to develop a version of the device that analyzes pumped milk to offer a more accessible and convenient testing option for parents.
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Piecing together the brain puzzle | ScienceDaily
Our brain is a complex organ. Billions of nerve cells are wired in an intricate network, constantly processing signals, enabling us to recall memories or to move our bodies. Making sense of this complicated network requires a precise look into how these nerve cells are arranged and connected. "LICONN," a new microscopy method developed by scientists at the Institute of Science and Technology Austria (ISTA) and Google Research, now helps piece together this puzzle.


						
Light microscopes have been evolving for centuries. Scientists use light microscopy to -- literally and figuratively -- illuminate the most intricate biological structures. However, unraveling the complex details and architecture of the brain remains a seemingly impossible challenge, considering its billions of densely packed neurons, each linked to other cells via thousands of synapses. A new microscopy pipeline called "LICONN" (light-microscopy-based connectomics), developed at the Institute of Science and Technology Austria (ISTA), now offers a breakthrough.

LICONN is the first technology beyond electron microscopy capable of reconstructing brain tissue with all the synaptic connections between neurons. It also opens up the possibility of visualizing complex molecular machinery alongside the structure of neurons, all while utilizing standard light microscopes for measurements.

This new technique was developed by Mojtaba R. Tavakoli, Julia Lyudchik, Johann Danzl, and their colleagues from the High-Resolution Optical Imaging for Biology research group at ISTA. They collaborated with the Novarino group at ISTA and Michal Januszewski and Viren Jain from Google Research. The method is now published in Nature.

New possibilities with LICONN

Mojtaba R. Tavakoli opens a curtain, revealing a light microscope with endless wires connecting the optical instrument to a computer. The screen's lights shine bright -- glooming shades of green and pink illuminate the almost pitch-black room. "That's the hippocampus -- a brain region responsible for memory formation," says Tavakoli and points to the screen. "The fluorescent dots you see are molecules involved in synaptic transmission." The ISTA graduate moves the frame and adjusts the settings.

LICONN is the Danzl group's newest microscopy technique. It acts like a meticulous puzzle solver, assembling the intricate brain networks by piecing together the finest neuronal processes and correctly linking each synaptic connection to its respective neuron. "Up to now, no light microscopy technique could do that," says Johann Danzl, a trained medical doctor and physicist, now professor at ISTA. "It was a longstanding goal of our group to build such a pipeline for reconstructing brain tissue. And LICONN can do this while placing specific molecules into the context of the structural reconstruction." What stands out is that the image acquisition is done on a standard off-the-shelf microscope, which is very fast and offers multicolor capability. The technique can be reproduced anywhere in the world, as scientists do not require high-end, expensive equipment that would be needed for current approaches for brain tissue reconstruction. To obtain this level of detail, the resolution has to be extraordinarily high, around a few tens of nanometers, 10,000 times smaller than the width of a human hair. But how to accomplish that? Expertise in chemistry comes in handy.




Zooming with a gel

For LICONN, the team made use of the chemical and physical properties of hydrogel, a three-dimensional polymer network. Hydrogel has similar characteristics to baby diapers: it can take up water and swell, but does so in a highly controlled manner.

The brain tissue of interest is embedded in this hydrogel. "Cellular components are linked to the hydrogel, meaning the cells' fine ultrastructure is imprinted onto the gel and preserved for microscopy," explains Danzl. Before imaging, the structures are expanded by adding water to the material. As a result, the gel elongates in size in every direction but maintains the relative spatial arrangements of the tissue's structures with extremely high fidelity.

For comparison, traditional light microscopes are classically limited in their resolving power to around 250-300 nanometers. While this is adequate to visualize larger cellular structures, it is insufficient to reconstruct the densely packed brain tissue. "The hydrogel expansion pulls features of the brain tissue so far apart that we can resolve them with a standard light microscope. This method enhances the effective resolution by 16 times, achieving a resolution better than 20 nm," Tavakoli explains.

Research at the intersection of disciplines

Neuroscience and chemistry were not the only fields that found their way into this project. Methods from computer science played a crucial part in the pipeline's development. This is because capturing microscopic images results in the collection of numerous data points. As such, the intricacy of the datasets reflects the brain's complexity.




Thus, manually interpreting and reconstructing all the neuronal structures on a sizable scale would be far too laborious. Therefore, Google Research's deep-learning techniques were trained to segment the individual cells in the tissue. "Automating the identification of neurons and their elaborate structures on a wider scale using artificial intelligence made the daunting task of reconstructing all the cellular components practically tractable," explains Viren Jain from Google Research. "The ability to concomitantly visualize specific molecules adds a new quality of information."

Julia Lyudchik, a PhD student and computer scientist in the Danzl group, played an instrumental role in interpreting the complex datasets. "Thanks to the exceptionally high resolution of the data, it was possible to automatically detect the synaptic connections between neurons and to transform raw brain imaging data into detailed connectivity maps. This is a complex image processing challenge," Lyudchik explains. "In addition, the methods had to be both efficient and scalable, given that even a small piece of brain tissue can contain tens of thousands of synaptic connections."

LICONN makes it possible to map the location of specific molecules onto the neuronal reconstructions, such as those involved in the transmission of signals between neurons at synapses. Lyudchik's artistic vein helped her create stunning 3D renderings of the brain network, as visualizations are powerful tools to make complex scientific data more accessible and interpretable.

Unlocking new details in the brain's architecture

By following this comprehensive pipeline, scientists can meticulously reconstruct brain tissue and visualize neuronal connections and networks. The interplay between experimentation and analysis across disciplines -- from imaging and experimentation at ISTA to Google Research's application of advanced deep learning technologies and the computational analysis at ISTA -- results in 3D visualizations of the brain's architecture at a new level of complexity. "LICONN brings us a step closer to assembling the puzzle pieces of the mammalian brain and better understanding its functioning both in health and disease," Danzl concludes.
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Birds form bonds that look a lot like friendship | ScienceDaily
The fact that humans who are not related by blood help each other repeatedly over time is demonstrably true -- think of the ongoing mutual support that sustains your longest-running friendships.


						
But the idea that such interactions occur in the animal kingdom has been difficult to prove.

A new study of African starlings led by Alexis Earl, a former PhD student in the lab of Professor Dustin Rubenstein, and colleagues, draws on data gathered over 20 years and proves exactly that: The starlings demonstrate "reciprocity," helping each other with the expectation that the favor will eventually be returned.

"Starling societies are not just simple families, they're much more complex, containing a mixture of related and unrelated individuals that live together, much in the way that humans do," Rubenstein said.

The fact that animals help their direct blood relatives, or kin, with the goal of boosting their genetic fitness and prolonging their genes, has long been known in the scientific community. Starlings do preferentially help their relatives, but many birds also help non-relatives. Earl and colleagues discovered that this non-relative helping occurs through the formation of these reciprocal helping relationships, which sometimes take place over many years.

Proving that this type of reciprocal behavior extends to animals other than direct relatives is difficult, though, since it requires large amounts of data gathered over long stretches of time. The new paper, published this week in the journal Nature, draws on 20 years of research that Rubenstein and his colleagues have conducted on African starlings living in the harsh climate of east African savannahs. From 2002 to 2021, the researchers studied thousands of interactions between hundreds of the birds, and collected DNA from individuals in the population to examine genetic relationships. By combining 40 breeding seasons' worth of behavioral and genetic data, the team could ask questions like: Did the birds preferentially help relatives? Did they help non-relatives even when relatives were available? And did they reciprocate help with specific individuals over the years?

Ultimately, the researchers found that helpers preferentially aided relatives, but also frequently and consistently helped specific non-relative birds, even when relatives were available to help. "Many of these birds are essentially forming friendships over time," Rubenstein said. "Our next step is to explore how these relationships form, how long they last, why some relationships stay robust, while others fall apart."

The data builds on decades of research collected by Rubenstein and his colleagues and students on how and why animals socialize. They have examined animal societies not just in birds, but also in a diversity of species around the globe, including snapping shrimp throughout the Caribbean, wasps in Africa, beetles in Asia, and mice and lizards in Australia.

"I think this kind of reciprocal helping behavior is likely going on in a lot of animal societies, and people just haven't studied them long enough to be able to detect it," Rubenstein said.
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Comb jellies reveal ancient origins of animal genome regulation | ScienceDaily
Life depends on genes being switched on and off at exactly the right time. Even the simplest living organisms do this, but usually over short distances across the DNA sequence, with the on/off switch typically right next to a gene. This basic form of genomic regulation is probably as old as life on Earth.


						
A new study published today in Nature by researchers at the Centre for Genomic Regulation (CRG) and the Centre Nacional d'Analisi Genomica (CNAG) finds that the ability to control genes from far away, over many tens of thousands of DNA letters, evolved between 650 and 700 million years ago. It probably appeared at the very dawn of animal evolution, around 150 million years earlier than previously thought.

Long-distance gene control, called distal regulation, relies on physically folding DNA and proteins into sophisticated loops. This allows regions far from a gene's starting point to activate its function. This extra layer of control likely helped the first multicellular animals build specialised cell types and tissues without inventing new genes.

The critical innovation likely originated in a sea creature, the common ancestor or all extant animals. The ancient animal evolved the ability to fold DNA in a controlled manner, creating loops in three-dimensional space that brought far-flung bits of DNA in direct contact with each other.

"This creature could repurpose its genetic toolkit in different ways like a Swiss knife, enabling it to refine and explore innovative survival strategies. We did not expect this layer of complexity to be so ancient," says Dr. Iana Kim, first author of the study and postdoctoral researcher with dual affiliation between the Centre for Genomic Regulation (CRG) and the Centre Nacional d'Analisis Genomica (CNAG).

The authors of the study made the discovery by exploring the genomes of many of the oldest branches on the animal family tree, including comb jellies like the 'sea walnut' (Mnemiopsis leidyi), placozoans, cnidarians, and sponges. They also studied single-celled relatives that are not animals but share a recent common ancestor.

"You can discover a lot of new biology by looking at weird sea creatures. So far, we had been comparing genome sequences, but thanks to new methods we can now analyse which gene regulation mechanisms control genome function across species," explains ICREA Research Professor Arnau Sebe-Pedros, corresponding author of the study and Group Leader at the Centre for Genomic Regulation.




The team used a technique called Micro-C to map how DNA physically folds inside the cells of each of the 11 different species they studied. For scale, each human cell nucleus packs about two metres of DNA. The researchers sifted through 10 billion pieces of sequencing data to build each species' 3D genome map in detail.

While there was no evidence of distal regulation in the single-celled relatives of animals, early-branching animals like comb jellies, placozoans and cnidarians had many loops. The sea walnut alone had over four thousand loops genome-wide. The finding is surprising given its genome is around just 200 million DNA letters long. In comparison, the human genome is 3.1 billion letters long and our cells can have tens of thousands of loops.

Until now, distal regulation was thought to have first appeared in the last common ancestor of bilaterians, a group of many different types of animals which first appeared on Earth around 500 million years ago. However, comb jellies are descended from life forms which diverged early from other animal lineages around 650 to 700 million years ago.

Whether comb jellies are older than sponges in the tree of life is a longstanding debate in evolutionary biology circles, but the study demonstrates that distal regulation arose at least one hundred and fifty million years earlier than previously thought.

The study made another surprising discovery. Many animals are vertebrates. In their cells, loops are controlled by CTCF, an architectural protein which defines boundaries and compartmentalises genes into different local neighbourhoods. It is a foundational unit of genomic architecture in mammals, birds, reptiles, amphibians, and fish. However, the genomes of the early-branching animals do not encode any equivalent protein to CTCF. Instead, the authors discovered that comb jellies use a different architectural protein belonging to the same structural family. The discovery shatters the assumption that advanced genomic, distal regulation require CTCF.

"It is impressive that the same problem has been solved using different tools. Thanks to this work, we now know that you can use two different proteins to bring distal DNA pices together in space forming a loop. Isn't evolution marvellous?" says ICREA Research Professor Marc A. Marti-Renom, Group Leader at the Centre Nacional d'Analisi Genomic and the Centre for Genomic Regulation.

Like sponges and comb jellies, humans are also made of the same building blocks of DNA. Today, our bodies rely on the ancient innovation of distal regulation to help create different types of cells from the same DNA, producing everything from brain cells to immune cells. When these contacts go wrong, diseases can arise.

By tracing distal regulation to animals that lived many hundreds of million years ago, researchers can begin to piece together how the earliest versions of genomic regulation took shape, providing new clues about the fundamental principles that govern our cells and bodies today. This can help us understand where the system is robust and where it's prone to failure, potentially guiding new medical insights or therapies.

This work was led by the Centre for Genomic Regulation (CRG), in collaboration with Marc A. Marti Renom's Group at the Centre Nacional d'Analisis Genomica, the University of Bergen, Queen Mary University of London, the Prefectural University of Hiroshima, and the University of Alberta. It was funded by an ERC Starting Grant (European Research Council) from the European Union.
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Climate change: Future of today's young people | ScienceDaily
Research led by climate scientists from the Vrije Universiteit Brussel (VUB) reveals that millions of today's young people will live through unprecedented lifetime exposure to heatwaves, crop failures, river floods, droughts, wildfires and tropical storms under current climate policies. If global temperatures rise by 3.5degC by 2100, 92% of children born in 2020 will experience unprecedented heatwave exposure over their lifetime, affecting 111 million children. Meeting the Paris Agreement's 1.5degC target could protect 49 million children from this risk.


						
This is only for one birth year; when instead taking into account all children who are between 5 and 18 years old today, this adds up to 1.5 billion children affected under a 3.5degC scenario, and with 654 million children that can be protected by remaining under the 1.5degC threshold. The study also highlights that children with high socioeconomic vulnerability face an even greater likelihood of unprecedented exposure to climate extremes in their lifetime. Deep cuts in greenhouse gas emissions are urgently needed to safeguard the lives of children all around the world.

Climate change's disproportionate burden on youth 

Climate extremes, including heatwaves, crop failures, river floods, tropical cyclones, wildfires and droughts, will intensify with continued atmospheric warming. Today's children will endure more climate extremes then any previous generation.

"In 2021, we demonstrated how children are to face disproportionate increases in extreme event exposure -- especially in low-income countries. Now, we examined where the cumulative exposure to climate extremes across one's lifetime will far exceed that which would have been experienced in a pre-industrial climate" says Wim Thiery, professor of climate science at VUB and senior author of the study.

"In this new study, living an unprecedented life means that without climate change, one would have less than a 1-in-10,000 chance of experiencing that many climate extremes across one's lifetime" says Dr. Luke Grant, lead author and climate scientist at the VUB and Environment and Climate Change Canada (ECCC). "This is a stringent threshold that identifies populations facing climate extremes far beyond what could be expected without man-made climate change." The threshold varies by location and type of climate extreme.

By combining demographic data and climate model projections of climate extremes for each location on earth, the researchers calculated the percentage of each generation born between 1960 and 2020 who will face unprecedented exposure to climate extremes in their lifetime.




Generational impact of climate change 

The younger a person is, the higher their likelihood of unprecedented exposure to climate extremes. Even if we successfully limit global warming to 1.5degC, 52% of children born in 2020 will face unprecedented heatwave exposure, compared to only 16% of those born in 1960. For heatwaves, the effect is particularly pronounced for those born after 1980, when climate change scenarios increasingly dictate exposure levels.

"By stabilizing our climate around 1.5 degC above pre-industrial temperatures, about half of today's young people will be exposed to an unprecedented number of heatwaves in their lifetime. Under a 3.5 degC scenario, over 90% will endure such exposure throughout their lives," warns Grant. "The same picture emerges for other climate extremes examined, though with slightly lower affected fractions of the population. Yet the same unfair generational differences in unprecedented exposure is observed." Children in tropical countries will bear the worst burden under a 1.5 degC scenario. However, under high-emission scenarios, nearly all children worldwide face the prospect of living an unprecedented life (see Figure 2).

Climate vulnerability and social injustice 

The study also highlights the social injustice of climate change and its impacts. Under current climate policies, the most socioeconomically vulnerable children born in 2020 will almost all (95%) endure unprecedented exposure to heatwaves in their lifetime, compared to 78% for the least vulnerable group. "Precisely the most vulnerable children experience the worst escalation of climate extremes. With limited resources and adaptation options, they face disproportionate risks," says Thiery.

Urgent Need for Global Climate Action 

Ahead of COP30 in Brazil, nations must submit updated climate commitments. Under current policies, global warming would reach around 2.7 degC this century. This study and the related Save The Children report emphasize the urgency of keeping global warming below 1.5 degC for the children of today and tomorrow.




Inger Ashing, CEO of Save the Children International, said: "Across the world, children are forced to bear the brunt of a crisis they are not responsible for. Dangerous heat that puts their health and learning at risk; cyclones that batter their homes and schools; creeping droughts that shrivel up crops and shrink what's on their plates. Amid this daily drumbeat of disasters, children plead with us not to switch off. This new research shows there is still hope, but only if we act urgently and ambitiously to rapidly limit warming temperatures to 1.5 degC, and truly put children front and centre of our response to climate change."

"With global emissions still rising and the planet only 0.2 degC away from the 1.5 degC threshold, world leaders must step up to reduce greenhouse gas emissions and lessen the climate burden on today's youth," concludes Thiery.

The study was accomplished by researchers from Vrije Universiteit Brussel (VUB), Environment and Climate Change Canada, KU Leuven, the Royal Meteorological Institute of Belgium (RMI), and ETH Zurich.

Supplementary information 

The numbers reported in our new study focus on one single birth cohort: children born in 2020, who are today's five year olds. Climate extremes will affect all generations, with children the most. We are providing therefore here below numbers that take into account all children who are between 5 and 18 years old today, which represents a total population of 1.69 billion children.

Heatwaves 

Under a 1.5 degC pathway, 855 million children aged 5-18 in 2025 face unprecedented lifetime exposure to heatwaves.

Under a 2.7 degC pathway, 1353 million children aged 5-18 in 2025 face unprecedented lifetime exposure to heatwaves.

Under a 3.5 degC pathway, 1509 million children aged 5-18 in 2025 face unprecedented lifetime exposure to heatwaves.

Crop failures 

Under a 1.5 degC pathway, 316 million children aged 5-18 in 2025 face unprecedented lifetime exposure to crop failures.

Under a 2.7 degC pathway, 400 million children aged 5-18 in 2025 face unprecedented lifetime exposure to crop failures.

Under a 3.5 degC pathway, 431 million children aged 5-18 in 2025 face unprecedented lifetime exposure to crop failures.

Wildfires 

Under a 1.5 degC pathway, 119 million children aged 5-18 in 2025 face unprecedented lifetime exposure to wildfires.

Under a 2.7 degC pathway, 134 million children aged 5-18 in 2025 face unprecedented lifetime exposure to wildfires.

Under a 3.5 degC pathway, 147 million children aged 5-18 in 2025 face unprecedented lifetime exposure to wildfires.

Droughts 

Under a 1.5 degC pathway, 89 million children aged 5-18 in 2025 face unprecedented lifetime exposure to droughts.

Under a 2.7 degC pathway, 111 million children aged 5-18 in 2025 face unprecedented lifetime exposure to droughts.

Under a 3.5 degC pathway, 116 million children aged 5-18 in 2025 face unprecedented lifetime exposure to droughts.

River floods 

Under a 1.5 degC pathway, 132 million children aged 5-18 in 2025 face unprecedented lifetime exposure to river floods.

Under a 2.7 degC pathway, 188 million children aged 5-18 in 2025 face unprecedented lifetime exposure to river floods.

Under a 3.5 degC pathway, 191 million children aged 5-18 in 2025 face unprecedented lifetime exposure to river floods.

Tropical cyclones 

Under a 1.5 degC pathway, 101 million children aged 5-18 in 2025 face unprecedented lifetime exposure to tropical cyclones.

Under a 2.7 degC pathway, 163 million children aged 5-18 in 2025 face unprecedented lifetime exposure to tropical cyclones.

Under a 3.5 degC pathway, 163 million children aged 5-18 in 2025 face unprecedented lifetime exposure to tropical cyclones.
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Teens driving older vehicles have increased risk for fatal crashes | ScienceDaily
Motor vehicle crashes are the leading cause of death for U.S. teens. Newer vehicles and driver assistance technologies show promise in reducing crashes and injury severities. Researchers at Nationwide Children's Hospital reviewed national fatal crash data (2016-2021) and examined the vehicle age and driver assistance technologies of vehicles driven by teen and middle-aged drivers, and their associations with driver deaths during fatal crashes.


						
In a study published today in JAMA Network Open, researchers found that driving vehicles 6-15 years old had a 19% greater risk of driver death in fatal crashes, and driving vehicles older than 15 years had a 31% greater risk, both compared to driving vehicles 5 years old or newer, regardless of driver age. Additionally, each driver assistance technology already present in vehicles was associated with a 6% reduction in the risk of driver death in fatal crashes.

"Because every family wants their teen to arrive anywhere safely, teen driver fatalities are a serious public health concern," said Jingzhen Ginger Yang, PhD, MPH, lead author of the study and principal investigator in the Center for Injury Research and Policy of the Abigail Wexner Research Institute at Nationwide Children's. "Given teen drivers' high crash rates compared to other age groups and their increasing involvement in fatal crashes, it is crucial for teen drivers to operate the safest vehicles available."

The study found that teen drivers (15-18 years) were more likely than middle-aged drivers (31-55 years) to drive vehicles older than 15 years and vehicles with fewer driver assistance technologies at the time of fatal crashes. Older vehicles and vehicles with fewer driver assistance technologies were associated with a higher risk of death for drivers involved in fatal crashes, regardless of driver age.

"Our findings, along with those from other studies, underscore the importance of safe vehicle strategies, education for families and ensuring teens drive safer cars whenever possible," said Fangda Zhang, PhD, research scientist in the Center for Injury Research and Policy at Nationwide Children's and co-lead author of the study. "Parents commonly pass their old vehicles to their teens who are still learning basic driving skills. While it is an exciting milestone for families with new drivers, this practice increases teens' vulnerability to vehicle malfunctions, making their driving less safe."

Because parents and caregivers often control what vehicles their teens drive, their choices significantly impact the driving safety of their teens and other road users. Families should be advised to prioritize safety features when choosing the first car for teens, ensuring it is newer and safer, given the increased involvement of teen drivers in motor vehicle crashes and motor vehicle crash-related fatalities.

Based on the study findings, study authors propose several recommendations:
    	Vehicle Safety: Teens should drive the safest vehicles available.            	Pediatricians and other health care providers should advise parents to prioritize safety features when choosing the first car for their teens and avoid vehicles older than 15 years, especially during the initial months of unsupervised driving, which is the highest crash risk period for teen drivers.
        	Parents can refer to the Insurance Institute for Highway Safety (IIHS) for a list of affordable, safe vehicles for teens. If a newer vehicle is not an option, more frequent maintenance should be encouraged to improve the vehicle's safety.
    
    
    	Newer Technologies: Pediatricians and other health care providers should educate families about the benefits of newer vehicle technologies, such as crash avoidance features, lane assistance technology, and teen-specific technologies, which can significantly reduce crashes and related injuries. Families should choose vehicles with more driver assistance technologies for teens whenever possible.
    	Safe Driving Habits: Pediatricians and other health care providers should address other aspects of teen driving safety beyond vehicle selection. They should educate parents and teens about the danger of risky driving behaviors and promote safe driving habits, such as seat belt use, safe nighttime driving, limiting teen passengers, avoiding distractions and following state Graduated Driver Licensing requirements.

Data for this study were obtained from Fatality Analysis Reporting System (FARS), a comprehensive crash database widely recognized in traffic safety research for its detailed information on drivers, vehicles, and crash environments involved in US fatal crashes.
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AI model improves delirium prediction, leading to better health outcomes for hospitalized patients | ScienceDaily
An artificial intelligence (AI) model improved outcomes in hospitalized patients by quadrupling the rate of detection and treatment of delirium. The model identifies patients at high risk for delirium and alerts a specially-trained team to assess the patient and create a treatment plan, if needed.


						
The model, developed by researchers at the Icahn School of Medicine at Mount Sinai, has been integrated into hospital operations, helping health care providers identify and manage delirium, a condition that can affect up to one-third of hospitalized patients.

The study, the first to show that an AI-powered delirium risk assignment model can not only perform well in a laboratory setting but also deliver real-world benefits in clinical practice, was published in the May 7, 2025 online issue of JAMA Network Open .

Delirium is a sudden and severe state of confusion that carries life-threatening risks and often goes undetected in hospitalized patients. Without treatment, it can prolong hospital stays, raise mortality risk, and worsen long-term outcomes. Until now, AI-driven delirium prediction models have struggled to demonstrate tangible improvements in patient care, say the investigators.

"The motivation behind our study at Mount Sinai was clear. Current AI-based delirium prediction models haven't yet shown real-world benefits for patient care," said senior corresponding study author Joseph Friedman, MD, Founder and Director of Delirium Services for the Mount Sinai Health System and Professor of Psychiatry, and Neuroscience, at the Icahn School of Medicine at Mount Sinai. "We wanted to change that by creating a model that accurately calculates delirium risk in real time and integrates smoothly into clinical workflows, helping hospital staff catch and treat more patients with delirium who might otherwise be overlooked."

Rather than building an AI model in isolation and testing it later in hospitals, the research team worked closely with Mount Sinai clinicians and hospital staff from the start. This "vertical integration" approach allowed them to refine the model in real time, ensuring it was both effective and practical for clinical use.

When deployed at Mount Sinai, the AI model dramatically improved delirium detection, resulting in:

* A 400 percent increase in identified cases without increasing time spent screening patients




* Safer prescribing by reducing the use of potentially inappropriate medications in older adults 

* Strong, reliable performance in a real-world hospital setting

In their study, which involved more than 32,000 patients admitted to The Mount Sinai Hospital in New York City, the researchers used the AI model to analyze a combination of structured data and clinicians' notes from electronic health records. It used machine learning to identify chart data patterns associated with a high risk of delirium and applied natural language processing to identify patterns from the language of chart notes written by hospital staff. This approach captures staff observations of subtle mental status changes in patients who are delirious or at heightened risk. An individual staff member writing a note may be unaware at that time that their clinical observations are helping to improve the AI model's accuracy.

Notably, the model was tested in a highly diverse patient population with a wide range of medical and surgical conditions -- far broader than the narrow groups typically included in studies of machine learning-based delirium risk prediction models.

The tool significantly improved monthly delirium detection rates -- from 4.4 to 17.2 percent -- allowing for earlier intervention. Patients identified also received lower doses of sedative medications, potentially reducing side effects and improving overall care.

"Our model isn't about replacing doctors -- it's about giving them a powerful tool to streamline their work," says Dr. Friedman. "By doing the heavy lifting of analyzing vast amounts of patient data, our machine learning approach allows health care providers to focus their expertise on diagnosing and treating patients more effectively and with greater precision."

While the AI model has delivered strong results at The Mount Sinai Hospital, and testing is underway at other Mount Sinai locations, validation will be needed at other hospital systems to evaluate its performance in different settings and adjust if needed.

"This research demonstrates the quantum leaps we are achieving by building AI-driven clinical decision support into hospital operations. We are improving patient safety and outcomes by bringing the right team to the right patient at the right time so patients receive specialized care tailored to their needs," says study co-author David L. Reich MD, Chief Clinical Officer of the Mount Sinai Health System and President of The Mount Sinai Hospital. "To become a learning health system, we must continue this pathway of developing, testing, deploying, and fine-tuning AI-tools that are seamlessly integrated into health care workflows. Previously, we found that AI clinical decision support works in addressing malnutrition and clinical deterioration, where Mount Sinai's use of real-time AI alerts to predict declining health, accelerated treatment and reduced hospital deaths.
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Childhood brain tumors develop early in highly specialized nerve cells | ScienceDaily
Medulloblastoma is one of the most common malignant tumors of the central nervous system (CNS) in children and adolescents. It develops in the area of the cerebellum, which is responsible for movement coordination, among other things. Medulloblastomas enlarge rapidly, often grow into surrounding tissue and can also form metastases. The wide variety of this tumor group also makes it difficult to find the right treatment.


						
A team of researchers at the Hopp Children's Cancer Center Heidelberg (KiTZ), the German Cancer Research Center (DKFZ) and Heidelberg University Hospital (UKHD) has now investigated exactly where and when the most aggressive subgroups of these tumors develop in so-called single cell analyses. "We have genetically characterized the many thousands of individual cells from the tumor samples of numerous young patients with medulloblastoma," explains Konstantin Okonechnikov, first author of the study from KiTZ and DKFZ. "This technology allows us to obtain a high-resolution picture of the genetic make-up within a tumor, so that we can reconstruct its developmental history fairly accurately."

Accordingly, there are "early" and "late" genetic changes within a tumor. Based on the distribution of the genetic changes across the various tumor cell clones, the scientists were able to reconstruct the development of the tumor. The study shows that the particularly aggressive medulloblastomas of subgroups three and four probably develop between the first trimester of pregnancy and the end of the first year of life. The origin of the tumor development are the precursor cells of highly specialized nerve cells, the so-called unipolar brush cells of the cerebellum, which also develop between the first trimester of pregnancy and the end of the first year of life. Large rearrangements of entire chromosomes or chromosome arms take place in these cells, presumably initially by chance, as the present results show: The cells loose or gain certain chromosomes.

"We assume that the early loss or gain of certain chromosomes is the first step in tumor development and that these occur many years before the clinical symptoms appear," says Lena Kutscher from KiTZ and DKFZ, who led the study together with Stefan Pfister, Director at KiTZ, Head of Department at DKFZ and paediatric oncologist at Heidelberg University Hospital (UKHD).

Only the later tumor cells carry the already known duplications or alterations of the cancer genes MYC, MYCN or PRDM6 that are typical for these types of medulloblastoma. "We therefore assume that these cancer genes are responsible for the progressive tumor growth and also for the metastasis and therapy resistance that occurs, but not for the development of the tumor," says Lena Kutscher.

Lena Kutscher explains what these results could mean for diagnosis and treatment: "If we succeed in developing sufficiently sensitive methods in the future to detect these early changes, for example as DNA fragments in the blood, this could form the basis for possible early detection in newborns and infants."
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A new class of molecules against cancer cells refractory to standard treatments | ScienceDaily
Current anticancer treatments essentially target the primary tumour cells that proliferate quickly, but do not effectively eliminate specific cancer cells able to adapt to existing treatments and which exhibit high metastatic potential1. Yet metastases are responsible for 70% of cancer deaths.


						
A French research team from Institut Curie, the CNRS and Inserm has just developed a new class of small molecules that bring about the destruction of cell membranes, and hence triggers cell death. Led by scientists at the Laboratory of Biomedicine (Institut Curie/CNRS/Inserm)2, this study is based on the remarkable properties of what are known as drug-tolerant persister cancer cells, with high metastatic potential. The latter express a large quantity of the protein CD44 at their surface, allowing them to internalise more iron, making them more aggressive and able to adapt to standard treatments. These cells are consequently more sensitive to ferroptosis, a cell death process catalysed by iron, which causes oxidation and the degradation of membrane lipids.

Thanks to innovative chemistry developed by the team led by Raphael Rodriguez, researchers showed that the cell death initiated by iron in lysosomes3 can alter the structure of intracellular membrane compartments. In the lysosomal compartment, iron can react with hydrogen peroxide, generating oxygen-centred radicals, highly-reactive chemical entities that damage cell membranes. This reaction then propagates in the cell forming lipid peroxides in the membranes of other cellular organelles, ultimately causing cell death. Ferroptosis thus results from the cell's failure to repair the membrane damage.

Using these initial discoveries, the scientists successfully conceived and synthesised a new class of small molecules that can activate ferroptosis: phospholipid degraders. The molecules possess one fragment that allows them to target the cell membrane (plasma membrane) -- and to then accumulate in lysosomes via endocytosis -- as well as another part that binds to and increases the reactivity of iron, which is abundant in this compartment of pro-metastatic cancer cells, thereby triggering ferroptosis. The molecule fentomycin (Fento-1) was designed to be fluorescent, allowing scientists to visualise it in the cell using high-resolution microscopy, as well as to confirm its localisation in lysosomes.

After the administration of Fento-1, the researchers observed a significant reduction in tumor growth in pre-clinical models for metastatic breast cancer, in addition to a pronounced cytotoxic effect on biopsies of pancreatic cancer and sarcoma patients, thereby confirming the treatment's effectiveness at the pre-clinical level4 for these cancers, for which the effectiveness of standard chemotherapy is limited.

Clinical tests are needed to show that this ability to induce ferroptosis could serve as a therapeutic avenue that complements current chemotherapy in the fight against cancer, especially by targeting cancer cells that are pro-metastatic and refractory to standard treatments.

This research notably received support from the Ligue contre le cancer (3 Equipe Labellisees), the Horizon 2020 Research and Innovation Programme of the European Union (ERC), the Fondation pour la recherche medicale, the Fondation Charles Defforey-Institut de France, the Klaus Grohe Foundation, l'Institut national du cancer, the Ile-de-France Region, the ANR, the Fondation Bettencourt Schueller, the CNRS, Institut Curie, and Inserm.

1 -- Tumour cells that detach from their site of origin and migrate toward other parts of the body, forming new tumours known as metastases. This ability to spread is a characteristic of advanced cancers.




2 -- This research primarily involved scientists from the Laboratory of Biomedicine (Institut Curie/CNRS/Inserm/PSL Research University), the Cancer Research Center of Marseille (Aix-Marseille Universite/CNRS/Inserm/Institut Paoli Calmette), the APHP (Hopital Paul-Brousse), the Institute of Molecular Chemistry and Materials of Orsay (CNRS/Universite Paris-Saclay), Harvard T.H. Chan School of Public Health, Helmholtz Zentrum Munchen, Julius-Maximilians-Universitat Wurzburg,, Columbia University and the University of Ottawa.

3 -- Lysosomes are the organelles responsible for the degradation of cell debris, biological macromolecules, foreign particles (bacteria, viruses, and parasites), and damaged intracellular organelles.

4 -- Pre-clinical tests on animals showed a significant decrease in tumour volume after the lymphatic injection of Fento-1, with tolerance to treatment.
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Neuroscientists pinpoint where (and how) brain circuits are reshaped as we learn new movements | ScienceDaily
A landmark study published by scientists at the University of California San Diego is redefining science's understanding of the way learning takes place. The findings, published in the journal Nature and supported by the National Institutes of Health and U.S. National Science Foundation, provide novel insights on how brain wiring changes during learning periods, offering a path to new therapies and technologies that aid neurological disorders.


						
For many years, neuroscientists have isolated the brain's primary motor cortex (M1), an area in the frontal lobe region, as a hub for sending out signals related to complex movements during episodes of learning. More recently, the motor thalamus, located in the center of the brain, has been implicated as an area that influences M1 during motor learning functions.

But even with such advancements, evidence was lacking on how this learning process unfolds, mainly due to the complex nature of monitoring the interactions of cells across brain areas.

A research team led by Professor Takaki Komiyama's laboratory used powerful neurobiological research techniques to describe these mechanisms in mice for the first time. Using high-tech imaging and a novel data analysis method, the researchers identified the thalamocortical pathway, a communication bridge between the thalamus and the cortex, as the key area that is modified during learning.

Beyond identifying the main pathway, the researchers found that links between regions physically change during learning. Motor learning does much more than adjust activity levels, it sculpts the circuit's wiring, refining the conversation between the thalamus and cortex at a cellular level.

"Our findings show that learning goes beyond local changes -- it reshapes the communication between brain regions, making it faster, stronger and more precise," said Assaf Ramot, the study's lead author and a postdoctoral scholar in the Komiyama Lab. "Learning doesn't just change what the brain does -- it changes how the brain is wired to do it."

The study, during which mice learned specific movements, revealed that learning causes a focused reorganization of the thalamus and cortex interaction. During times of learning, the thalamus was found to activate M1 neurons to encode the learned movement and to halt the activation of neurons not involved with the movement being learned.




"During learning, these parallel and precise changes are generated by the thalamus activating a specific subset of M1 neurons, which then activate other M1 neurons to generate a learned activity pattern," said Komiyama, a professor in the Departments of Neurobiology (School of Biological Sciences) and Neurosciences (School of Medicine), with appointments in the Halicioglu Data Science Institute (School of Computing, Information and Data Sciences) and Kavli Institute for Brain and Mind.

To bring the activity of specific neurons into focus -- a key insight of the study -- the researchers developed a novel analytical method called ShaReD (Shared Representation Discovery) with Neurobiology Assistant Professor Marcus Benna and graduate student Felix Taschbach, study coauthors.

According to Taschbach, who spearheaded development of the data analysis procedure, identifying behaviors that are commonly encoded across different subjects presents a significant challenge because behaviors and their neural representations can vary substantially between animals. To address this issue, the researchers developed ShaReD, which identifies a single shared behavioral representation that correlates with neural activity across different subjects, allowing them to map subtle behavioral features to the activity of different neurons in each animal.

Existing methods typically enforce artificial alignment to reduce individual variability -- similar to requiring everyone to follow exactly the same route to a destination. In contrast, ShaReD functions more like identifying which landmarks consistently help travelers navigate, regardless of their specific route choices. The ShaReD method was critical to the study's findings.

"This new method allows us to combine data from multiple experiments to make detailed discoveries that would not have been possible using only the limited number of relevant neurons recorded in an individual brain," said Benna, a computational neuroscientist and co-corresponding author of this study.

The new study is the second recently led by the Komiyama lab that illuminates how our brains learn. In April, William Wright, Nathan Hedrick and Komiyama published a study in Science that describes the multiple rules that neurons follow during episodes of learning, with synapses in different regions following different rules.

With the Nature study's findings, the researchers further science's understanding of the learning process with a new comprehensive model of how the neural circuits underlying learned movements emerge during learning. The new information also offers hope for those who suffer from neurological disorders.

"The study shows that learning isn't just repetition," said Ramot. "It's about your brain literally rewiring itself in a targeted way. Whether you're learning a new skill, recovering from a stroke or using a neuroprosthetic, understanding how brain regions reorganize their communication helps us design better therapies and technologies that work with the brain's natural learning mechanisms."

The paper is dedicated to the memory of An Wu, an assistant project scientist in Komiyama's lab who tragically died in a 2023 Montreal building fire. She is remembered as a brilliant neuroscientist who elevated the many lives she touched.
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        Satellites observe glacier committing 'ice piracy'
        A glacier in Antarctica is committing 'ice piracy' -- stealing ice from a neighbor -- in a phenomenon that has never been observed in such a short time frame, say scientists.

      

      
        One glass, full color: Sub-millimeter waveguide shrinks AR glasses
        Augmented-reality (AR) technology is rapidly finding its way into everyday life, from education and healthcare to gaming and entertainment. However, the core AR device remains bulky and heavy, making prolonged wear uncomfortable. A breakthrough now promises to change that. A research team has slashed both thickness and weight using a single-layer waveguide.

      

      
        Waxing and waning prairie: New study unravels causes of ancient climate changes
        A long period of drought in North America has been recognized by scientists for decades. A new study links the severe climate to a change in Earth's orbit.

      

      
        Robotic dog mimics mammals for superior mobility on land and in water
        A team of researchers has unveiled a cutting-edge Amphibious Robotic Dog capable of roving across both land and water with remarkable efficiency.

      

      
        All of the biggest U.S. cities are sinking
        A new study of the 28 most populous U.S. cities finds that all are sinking to one degree or another. The cities include not just those on the coasts, where relative sea level is a concern, but many in the interior. Furthermore, using newly granular data, the study finds that some cities are sinking at different rates in different spots, or sinking in some places and rising in others, potentially introducing stresses that could affect buildings and other infrastructure.

      

      
        AI-designed DNA controls genes in healthy mammalian cells for first time
        A recent study marks the first reported instance of generative AI designing synthetic molecules that can successfully control gene expression in healthy mammalian cells. As a proof-of-concept, the authors of the study asked the AI to design synthetic fragments which activate a gene coding for a fluorescent protein in some cells while leaving gene expression patterns unaltered. They created the fragments from scratch and dropped them into mouse blood cells, where the sequence fused with the genome...

      

      
        Discovery of dopamine receptors in a previously overlooked part of the brain sheds light on the complex circuitry for anxiety and depression
        Researchers have discovered distinct roles for two dopamine receptors located on nerve cells within the portion of the brain that controls approach vs. avoidance behavior.

      

      
        Are you curious? It might help you stay sharp as you age
        Psychology literature has shown that curiosity tends to decline with age. Psychologists shows one type of curiosity can increase well into old age, contradicting prior research. Older adults who maintain curiosity and want to learn new things relevant to their interests may be able to offset or even prevent Alzheimer's disease. Conversely, those who show muted curiosity and disinterest may be at risk for dementia.

      

      
        The world's wealthiest 10% caused two thirds of global warming since 1990
        Wealthy individuals have a higher carbon footprint. A new study quantifies the climate outcomes of these inequalities. It finds that the world's wealthiest 10% are responsible for two thirds of observed global warming since 1990 and the resulting increases in climate extremes such as heatwaves and droughts.

      

      
        New study tracks air pollution and CO2 emissions across thousands of cities worldwide
        In a sweeping new study of more than 13,000 urban areas worldwide, researchers have mapped air pollution levels and carbon dioxide emissions, providing comprehensive global analysis of urban environmental quality.

      

      
        The atmospheric memory that feeds billions of people: Newly discovered mechanism for monsoon rainfall
        Across the globe, monsoon rainfall switches on in spring and off in autumn. Until now, this seasonal pattern was primarily understood as an immediate response to changes in solar radiation. A new study shows that the atmosphere can store moisture over extended periods, creating a physical memory effect. It allows monsoon systems to flip between two stable states. Disrupting this delicate balance, would have severe consequences for billions of people in India, Indonesia, Brazil and China.

      

      
        Scientists discover the genes that influence when babies start walking
        The age at which babies take their first steps is strongly influenced by their genes, according to new research. Scientists analyzed the genetic information of more than 70,000 infants. They identified 11 genetic markers influencing when babies start walking, thus offering multiple targets for future in-depth biological investigation.

      

      
        Stellar collapse and explosions distribute gold throughout the universe
        Magnetar flares, colossal cosmic explosions, may be directly responsible for the creation and distribution of heavy elements across the universe, suggests a new study.

      

      
        Junk food for thought: Landmark study directly links ultra-processed foods to poor health
        A landmark study exploring consumption of chips, frozen pizzas, breakfast cereals and other ultra-processed foods typically loaded with fat, sugar and additives has confirmed these foods are directly and significantly linked to poor health outcomes.

      

      
        Physicists snap the first images of 'free-range' atoms
        Physicists captured the first images of individual atoms freely interacting in space. The pictures reveal correlations among the 'free-range' particles that until now were predicted but never directly observed.

      

      
        Smart spongy device captures water from thin air
        Engineers have invented a sponge-like device that captures water from thin air and then releases it in a cup using the sun's energy, even in low humidity where other technologies such as fog harvesting and radiative cooling have struggled. The water-from-air device remained effective across a broad range of humidity levels (30 -- 90%) and temperatures (5 -- 55 degrees Celsius).

      

      
        Triassic fossil reveals nature's best jaw for hunting fast fish
        Newly discovered species of extinct fish shows striking similarities to unrelated modern-day predators, suggesting certain traits have emerged multiple times and remained consistent over hundreds of millions of years.

      

      
        Piecing together the brain puzzle
        Our brain is a complex organ. Billions of nerve cells are wired in an intricate network, constantly processing signals, enabling us to recall memories or to move our bodies. Making sense of this complicated network requires a precise look into how these nerve cells are arranged and connected. A new method makes use of off-the-shelf light microscopes, hydrogel and deep learning.

      

      
        Birds form bonds that look a lot like friendship
        A study of starlings in Africa shows that they form long-term social bonds similar to human friendships.

      

      
        Comb jellies reveal ancient origins of animal genome regulation
        Life depends on genes being switched on and off at exactly the right time. Even the simplest living organisms do this, but usually over short distances across the DNA sequence, with the on/off switch typically right next to a gene. This basic form of genomic regulation is probably as old as life on Earth. A new study finds that the ability to control genes from far away, over many tens of thousands of DNA letters, evolved between 650 and 700 million years ago. It probably appeared at the very daw...

      

      
        Climate change: Future of today's young people
        Climate scientists reveal that millions of today's young people will live through unprecedented lifetime exposure to heatwaves, crop failures, river floods, droughts, wildfires and tropical storms under current climate policies. If global temperatures rise by 3.5 C by 2100, 92% of children born in 2020 will experience unprecedented heatwave exposure over their lifetime, affecting 111 million children. Meeting the Paris Agreement's 1.5 C target could protect 49 million children from this risk. This is only for one birth year;...

      

      
        Teens driving older vehicles have increased risk for fatal crashes
        Researchers reviewed US national fatal crash data (2016-2021) and examined the vehicle age and driver assistance technologies of vehicles driven by teen and middle-aged drivers, and their associations with driver deaths during fatal crashes.

      

      
        A new class of molecules against cancer cells refractory to standard treatments
        A new class of molecules capable of killing the cancer cells that are refractory to standard treatments and responsible for recurrence has just been developed. This crucial advance in the fight against metastatic cancer is based on identifying the cellular site for ferroptosis initiation, a natural process, catalyzed by iron, that sparks the oxidative degradation of cell membranes.

      

      
        Neuroscientists pinpoint where (and how) brain circuits are reshaped as we learn new movements
        Brain researchers have identified a bridge between the thalamus and the cortex as the key area that is modified during motor learning functions. They found that such learning does much more than adjust activity levels, it sculpts the circuit's wiring, refining the conversation between brain regions.

      

      
        Researchers restore antibiotic effect in the event of resistance
        Bacterial resistance negates the effect of antibiotics in the treatment of infection. Using mouse models, researchers now show that if antibiotics are administered with an enzyme called endolysin, the combined effect protects against infection by resistant bacteria in all bodily organs -- including the brain, which antibiotics alone have difficulty reaching.

      

      
        Cracking the code: Deciphering how concrete can heal itself
        Lichen is an understated presence in our everyday world, often found clinging to trees and rocks. Its true beauty lies in its unique symbiotic system of fungi and algae, or cyanobacteria, that form a self-sustaining partnership, allowing it to thrive in even the harshest conditions. With that inspiration, researchers created a synthetic lichen system that collaborates like natural lichens. Their system uses cyanobacteria, which turns air and sunlight into food, and filamentous fungi, which produc...

      

      
        A healthy diet in childhood is linked to starting menstrual periods later, regardless of BMI or height
        Eating a healthy diet as a child is linked to girls having their first menstrual period at an older age than those who consumed a less healthy diet, according to a new study. The findings remained unaltered by the girls' body mass index or height, both of which have been associated with the earlier onset of periods. The study has implications for health in later life as it is well known that women who started their periods at an early age may be at higher risk for diabetes, obesity, breast cancer...

      

      
        More social parrots have a better vocabulary
        For social animals, communication is a key that unlocks the benefits of group living. It's well known that animals with more complex social lives tend to have more intricate ways of communicating, from the clicks and whistles of dolphins to the calls of primates. While this pattern is found broadly in many species, a new study on wild parrots drills deep into the social and vocal lives of individual birds. Researchers analyzing the social networks of monk parakeets in Spain have uncovered how an ...

      

      
        T. rex's direct ancestor crossed from Asia to North America
        Tyrannosaurus rex evolved in North America, but its direct ancestor came from Asia, crossing a land bridge connecting the continents more than 70 million years ago, according to a new study.

      

      
        Study of velvet worm slime could revolutionize sustainable material design
        A new discovery about the slime ejected by velvet worms could revolutionize sustainable material design. The findings outline how a naturally occurring protein structure, conserved across species from Australia, Singapore and Barbados over nearly 400 million years of evolution, enables the slime's transformation from liquid to fiber and back again. It's a discovery that could inspire next-generation recyclable bioplastics.

      

      
        New drone-assisted 3D model offers a more accurate way to date dinosaur fossils
        A new study is reshaping how scientists date dinosaur fossils in Alberta's Dinosaur Provincial Park (DPP). Using advanced drone-assisted 3D mapping, researchers have uncovered significant variations in a key geological marker, challenging long-standing methods of determining the ages of dinosaur fossils.

      

      
        Two new crocodile species discovered
        Biologists have discovered two previously unknown species of crocodiles, one living on the island of Cozumel and the other on the atoll of Banco Chinchorro, both off the Yucat n Peninsula. The findings challenge long-held assumptions about the American crocodile (Crocodylus acutus) and highlight the urgent need for conservation efforts, the researchers say.

      

      
        Study suggests we don't just hear music, but 'become it'
        Psychologists suggest our brains and bodies don't just understand music, they physically resonate with it. These discoveries, based on findings in neuroscience, music, and psychology, support Neural Resonance Theory (NRT).

      

      
        2024 sea level 'report cards' map futures of US coastal communities
        Researchers have released their 2024 U.S. sea level 'report cards,' providing updated analyses of sea level trends and projections for 36 coastal communities. Encompassing 55 years of historical data in a new, interactive dashboard, the report cards aid planning and adaptation efforts by forecasting rates of sea level rise to 2050.

      

      
        Breakthrough in fuel cell recycling turns 'forever chemicals' into renewable resources
        A new technique that uses soundwaves to separate materials for recycling could help prevent potentially harmful chemicals leaching into the environment.

      

      
        Breakthrough discovery uses gut bacteria and AI to diagnose a chronic pain syndrome
        Researchers have developed AI technology that can detect patterns in gut bacteria to identify complex regional pain syndrome (CRPS) with remarkable accuracy, potentially transforming how CRPS is diagnosed and treated.

      

      
        NASA's NICER maps debris from recurring cosmic crashes
        Astronomers have probed the physical environment of repeating X-ray outbursts near monster black holes thanks to data from NASA's NICER (Neutron star Interior Composition Explorer) and other missions.

      

      
        Experimental quantum communications network
        Researchers recently connected their campuses with an experimental quantum communications network using two optical fibers.

      

      
        Do manta rays benefit from collective motion?
        Researchers model the motions of groups of manta rays to study how group dynamics affect their propulsion, studying different formations of three manta rays: in tandem, in a triangular setup with one manta ray in front leading two behind, and in an inverse triangular configuration with one manta ray trailing the other two. They found the tandem formation only significantly increases propulsion for the middle manta ray, and the two triangular setups result in overall decreased efficiency compared ...

      

      
        New chronic pain therapy retrains the brain to process emotions
        Researchers have created an effective therapy for chronic pain that reduces pain intensity by focusing on emotional regulation.

      

      
        Food as medicine: How diet shapes gut microbiome health
        Researchers show how mice fed a Western-style diet are not able to rebuild a 'healthy,' diverse gut microbiome following antibiotic treatment. These mice were also more susceptible to infection by pathogens like Salmonella. However, mice given food loosely mimicking a Mediterranean diet -- high in plant-based fiber from fruits, vegetables, and whole grains -- were able to quickly restore a healthy and resilient gut microbiome after antibiotics.

      

      
        How hunting harriers home in on their prey
        Owls, well adapted to hearing the exact location of prey, have something in common with an unrelated group of raptors -- harriers. A new study has found that harriers across the world are able to keep a much better ear out for their next meal than previously thought.

      

      
        Research advances on 'displacing' antibiotic resistance gene from bacteria
        Scientists have identified essential genetic code for a method called plasmid curing, which aims to 'displace' antibiotic resistance genes from bacteria.

      

      
        Accordion effect makes graphene stretchable
        Graphene is a 'miracle material': mechanically extremely strong and electrically highly conductive, ideal for related applications. Using a unique method physicists have now made graphene drastically more stretchable by rippling it like an accordion. This paves the way for new applications in which certain stretchability is required (e.g. wearable electronics).

      

      
        Shingles vaccine lowers the risk of heart disease for up to eight years
        People who are given a vaccine for shingles have a 23% lower risk of cardiovascular events, including stroke, heart failure, and coronary heart disease, according to a recent study of more than a million people. The protective effect of the vaccine lasts for up to eight years and is particularly pronounced for men, people under the age of 60 and those with unhealthy lifestyles.

      

      
        Big problem for fusion energy solved
        A new shortcut can help engineers design leak-proof magnetic confinement systems for fusion reactors 10 times as fast as the gold standard method, without sacrificing accuracy. While several other big challenges remain for all magnetic fusion designs, this advance addresses the biggest challenge that's specific to a type of fusion reactor first proposed in the 1950s, called a stellarator.

      

      
        Gorilla study reveals complex pros and cons of friendship
        Friendship comes with complex pros and cons -- possibly explaining why some individuals are less sociable, according to a new study of gorillas.

      

      
        Ancient Andes society used hallucinogens to strengthen social order
        Snuff tubes uncovered at Chavin de Huantar in Peru reveal how leaders used mystical experiences to cement their power.

      

      
        Black tea and berries could contribute to healthier aging
        Higher intakes of black tea, berries, citrus fruits and apples could help to promote healthy aging, new research has found.

      

      
        Biological particles may be crucial for inducing heavy rain
        Atmospheric and climate scientists show that biological particles may induce rain events that could contribute to flooding and snowstorms, owing to their ability to precipitate ice formation in clouds. They call for an update of meteorological and climate models.
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Satellites observe glacier committing 'ice piracy' | ScienceDaily
A glacier in Antarctica is committing "ice piracy" -- stealing ice from a neighbour -- in a phenomenon that has never been observed in such a short time frame, say scientists. 


						
This activity was previously believed to take place over hundreds or even thousands of years. 

However, high-resolution satellite observations reveal one huge glacier has been relentlessly pinching ice from its slower-moving neighbour over a period of less than 18 years.

University of Leeds researchers say it is unprecedented that this change in ice flow direction can be directly witnessed in Antarctica over such a short time span and its discovery is an important step in improving our understanding of the future of Antarctica and its contribution to sea level rise.  

Their findings are published today (8 May) in the journal The Cryosphere.

A study, led by Leeds, shows the speeding up of seven ice streams in West Antarctica, with one almost doubling in speed (87%) at the boundary where the ice meets the ocean between 2005 and 2022, and three speeding up by between 60% and 84% during that time. Six of the streams reached average speeds of over 700 metres per year in 2022 -- equivalent to advancing the length of seven football pitches in one year, a remarkably fast pace for ice.

The team used satellite data to measure the change in ice speed in the Pope, Smith and Kohler (PSK) region in West Antarctica.   

They found the ice streams had sped up by 51% on average since 2005, at the grounding line -- the point at which glaciers and ice shelves start to float. Grounding lines provide evidence of ice-sheet instability, because changes in their position reflect imbalance with the surrounding ocean and affect the flow of inland ice. 




However, the research team found that one piece of data was particularly striking. 

In stark contrast to the widespread acceleration observed between 2005 and 2022 on all other glaciers in the region, the ice stream on Kohler West slowed by 10%. The fastest rate of speed change was observed on its neighbour, Kohler East, as well as Smith West Glacier, which were flowing around 560 m/yr faster in 2022 compared to 2005. 

Nowadays, several glaciers around Antarctica are responding to climate change by flowing faster into the ocean. When the flow of a glacier speeds up, its ice becomes more stretched and thins at the same time, yet the Kohler West ice stream has slowed down.

Lead author Dr Heather Selley, who undertook this work as a PhD researcher in the School of Earth and Environment at the University of Leeds, said: "We think that the observed slowdown on Kohler West Glacier is due to the redirection of ice flow towards its neighbour -- Kohler East. This is due to the large change in Kohler West's surface slope, likely caused by the vastly different thinning rates on its neighbouring glaciers.  

"Because Kohler East's ice stream is flowing and thinning faster as it travels, it absorbs, or "steals" ice from Kohler West. 

"This is effectively an act of 'ice piracy', where ice flow is redirected from one glacier to another, and the accelerating glacier is essentially 'thieving' ice from its slowing neighbour." 

She added: "We didn't know ice streams could 'steal' ice from each over such a short period, so this is a fascinating discovery. 




"It's unprecedented as we're seeing this from satellite data and it's happening at a rate of under 18 years, whereas we've always thought it was this extremely long, slow process." 

International collaboration

The team calculated the ice velocity using a tracking technique which measures the displacement of visible features at or near the ice surface, such as crevasses or rifts.  Data on ice-thinning rates from the European Space Agency's (ESA) CryoSat mission was also used in the study.

Leeds collaborated on the study with researchers from the British Antarctic Survey (BAS) and the UK Centre for Polar Observation and Modelling (CPOM) -- which is led from Northumbria University -- using data provided by satellites belonging to ESA, Japan Aerospace Exploration Agency, Canadian Space Agency and NASA.  

Pierre Dutrieux, study co-author and climate researcher at BAS, said: "This study provides an interesting demonstration of ice piracy, where flow into one glacier gradually switches to flow into another glacier, as the ocean melts the grounding zone and re-configures ice flow." 

The team set out to establish mechanisms and impact of changes in conditions that impact how fast the ice flows, such as warming of the ocean, change in ocean circulation, change in air temperature and the amount of snow falling. 

They found that redirection of ice flow and 'piracy' at previously unobserved rates has changed the amount of ice flowing into the floating shelves that are fed by these streams. 

Crosson Ice Shelf, around 40 miles wide -- roughly the distance from Leeds to Manchester -- and Dotson Ice Shelf, around 30 miles wide -- roughly the distance from Leeds to York -- are two of the most rapidly changing outlets in West Antarctica, displaying both significant thinning and grounding-line retreat in recent decades.  

Future effects

Professor Anna Hogg, study co-author and Professor of Earth Observation in the School of Earth and Environment at the University of Leeds, said: "The changes in flow direction have substantially altered the ice mass flux into Dotson and Crosson Ice Shelves, likely playing an important role in maintaining Dotson and accelerating the deterioration of Crosson.  

"This suggests that ice flow redirection is an important new process in contemporary ice sheet dynamics, which is required to understand present-day structural change in glaciers and the future evolution of these systems."  

Over 410 million people could be at risk from rising sea levels by 2100 as a result of the climate crisis. Observed sea level rise data shows that global sea levels have already risen by more than 10 cm over the last decade.  

Dr Martin Wearing, ESA Digital Twin Earth Scientist and Polar Science Cluster Coordinator, said: "This new study highlights the unique ability of satellites to provide both the temporal and spatial coverage required to assess change in the polar regions.

"Using data from Copernicus Sentinel-1 and ESA's Earth Explorer CryoSat, the team has revealed the complex evolution of ice flow in part of West Antarctica over the past few decades. Understanding these changing dynamics and what drives them is crucial for improved projections of future ice-sheet change and contributions to sea-level rise."

The research was funded by UKRI Natural Environment Research Council (NERC), ESA and NASA Headquarters. 
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One glass, full color: Sub-millimeter waveguide shrinks AR glasses | ScienceDaily
Augmented-reality (AR) technology is rapidly finding its way into everyday life, from education and healthcare to gaming and entertainment. However, the core AR device remains bulky and heavy, making prolonged wear uncomfortable. A breakthrough from POSTECH now promises to change that.


						
One of the main hurdles to the commercialization of AR glasses has been the waveguide. In AR optics, the lens itself also serves as a "highway of light," guiding virtual images directly to the user's eye. Due to chromatic dispersion, conventional designs have required separate waveguide layers for red, green, and blue light -- three to six stacked glass sheets -- inevitably increasing both weight and thickness.

Professor Junsuk Rho and colleagues at POSTECH have eliminated the need for multiple layers by developing an achromatic metagrating that handles all colors in a single glass layer. The key is a array of nanoscale silicon-nitride (Si?N?) pillars whose geometry was finely tuned by a stochastic topology-optimization algorithm to steer light with maximum efficiency.

In experiments, the researchers produced vivid full-color images using a 500-mm-thick single-layer waveguide -- about one-hundredth the diameter of a human hair. They also secured a comfortable 9-mm eyebox, ensuring images remain sharp even if the viewer's eye shifts slightly.

The new design erases color blur while outperforming multilayer optics in brightness and color uniformity. Once commercialized, this technology could make AR glasses as thin and light as ordinary eyewear, reducing wearer fatigue and trimming manufacturing costs thanks to a simpler process. The era of truly everyday AR is a step closer.

"This work marks a key milestone for next-generation AR displays," said Prof. Rho. "Coupled with scalable, large-area fabrication, it brings commercialization within reach."

The study, authored by Junsuk Rho (corresponding author, POSTECH), Seokwoo Kim, Joohoon Kim, and Seokil Moon, was carried out by POSTECH's Departments of Mechanical, Chemical and Electrical Engineering and the Graduate School of Interdisciplinary Bioscience & Bioengineering, in collaboration with the Visual Team at Samsung Research. It was published online on April 30, 2025 in Nature Nanotechnology. This research was supported by POSCO Holdings N.EX.T Impact, Samsung Research, the Ministry of Trade, Industry and Energy's Alchemist Project, the Ministry of Science and ICT's Global Convergence Research Support Program, and the Mid-Career Researcher Program.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250508113117.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Waxing and waning prairie: New study unravels causes of ancient climate changes | ScienceDaily
A long period of drought in North America has been recognized by scientists for decades. A new study links the severe climate to a change in Earth's orbit.


						
A new study from the University of Helsinki has provided a compelling new explanation for the devastating droughts which have taken place in North America thousands of years ago.This period, known as the Holocene, covers the time of generally warm climate following the last ice age. These exceptionally long-lasting droughts had drastic impacts on forest dieback and ecosystem transformations; understanding their causes is essential to improving societal resilience to future climate variations.

The reasons for these long droughts, however, have remained obscure. In the new study published in Nature Communications, University of Helsinki researchers, joined by co-authors from U.S., German and Swedish research institutions, analyse the development and causes of the drought in eastern North America, in a broad region spanning from the Rocky Mountains to the Atlantic Ocean.

"Evidence from the last 11,000 years highlights that North American water supplies have changed dramatically in the past, at times extending drought as severe as the 1930s Dust Bowl drought for centuries to millennia. Understanding the causes and consequences of these droughts can help improve our ability to anticipate future change," explains Bryan Shuman, co-author of the study from University of Wyoming.

In the new study, the researchers used datasets of fossil pollen grains, which have been recovered from numerous locations in North America over the past several decades. Using a computer algorithm based on machine learning, the researchers were able to reconstruct the variation of moisture levels over the Holocene based on the fossil pollen.

The study was led by J. Sakari Salonen, an Academy of Finland research fellow at the Department of Geosciences and Geography, at University of Helsinki. According to Salonen, the study confirms that the moisture conditions were continuously below modern levels for thousands of years.

Salonen notes, however, that different parts of North America experienced different drought histories. "The dry conditions first kick in in the northeastern U.S. and the nearby regions of Canada, which is today one of the wetter regions of North America. Here, we see peak drought already at 11,000 years ago," says Salonen.




The drought, then, shifts west. Salonen explains: "In the mid-continent, where we have modern prairie region, we see most severe drought at about 7,000 years ago, so thousands of years later than at the Atlantic coast. By this time, the Atlantic coast was already getting wetter, and it's like the entire climate anomaly causing the thousands-of-years long drought started migrating westward."

"Particularly in the eastern US, there's often a perception today that water is always available. However, studies of the past show that these long droughts can trigger major shifts in fire regime and tree die-offs, even in the east. So it's critical to understand the spatial patterns of these droughts and their causes," says Jack Williams from University Wisconsin-Madison, who also contributed to the study.

The researchers compared their Holocene climate reconstructions to numerical climate simulations which they ran for the same time periods. These supercomputer experiments allowed the scientists to explore what could have caused the long droughts.

Frederik Schenk, atmospheric physicist at Stockholm University and visiting scientist at University of Helsinki, tells that the new generation of climate models, performed at 2-4 times greater resolution than before, proved decisive in unravelling the causes of the drought.

The causes revealed by the climate simulations, tells Schenk, are two-fold. "The simulations show that in the early Holocene, the high-pressure system at the ice sheet, remaining in the northern part of the continent, steered moisture transport, which explains the geographic shift in dry conditions," says Schenk. After the ice sheet melted, drought set in across the entire region, as summers got increasingly warm and dry.

The Holocene drought has interesting parallels with the future climate that is expected to take hold in North America over the next decades, as anthropogenic climate change progresses. By the end of this century, most of North America is projected to become increasingly dry, despite gradually increasing precipitation. This is because the increase in evaporation, due to the warming climate, is predicted to dry out surface soils even as rainfall increases.




The researchers note that this is exactly what they see in their simulations of the Holocene drought. "Overall, a warmer climate will be wetter. But this doesn't apply to all regions. As seen in our results, there are clear regional limits of how much rain can be delivered to balance the warming-driven evaporation. For the strong summer warming in the past, it just didn't add up, giving way to millennia-long droughts," explains Schenk.

However, the underlying causes of the past and future drought are different. In the early Holocene, drying was caused by a slow change in Earth's orbit, which caused summers to get warmer, finally pushing much of North America into drought. Now, the ongoing warming and the predicted drier conditions are due to the rapid increase in greenhouse gases in the atmosphere.

"If the climate projections for this century hold true, we're looking at a speed-run repeat of what happened, for natural causes, ten thousand years ago," says Salonen.

Changes in Earth's orbit drive long-term climate change

Long-term natural climate change is greatly affected by gradual changes in Earth's orbit. These changes, which impact for example the tilt of Earth's rotational axis and the shape of Earth's elliptical orbit around the Sun, are known as Milankovic cycles and have periodicities ranging from about 26,000 to 100,000 years.

During the Quaternary period (past 2.6 million years), the Milankovic cycles have caused repeated ice ages and intervening warm periods, known as interglacials. The peak of the last ice age, approximately 20,000 years ago, occurred when the northern hemisphere received comparatively little sunlight due to the geometry of the Earth's orbit, allowing large ice sheets to accumulate in the northern parts of North America and Europe.

By 10,000 years ago, a reversal in the orbit had melted much of the northern ice sheets, giving way to the Holocene, the current interglacial. During the period of greatest warmth around 10,000 to 4,000 years ago, known as the Holocene thermal maximum, many parts of the Earth were significantly warmer than during the preindustrial era. The new results of University of Helsinki researchers and their co-authors suggest that this warmth was also a key driver of the multi-millennial droughts in North America.

During the past millennia, Earth has been gradually cooling following the Holocene thermal maximum. This long-term climate trend has, however, been interrupted by the abrupt warming caused by the anthropogenic increase in greenhouse gases in the atmosphere. Following the warming in the past century, it is estimated that Earth is currently warmer than it has been in at least 100,000 years, as climatic variability has been forced out of its long-term natural cycle.

Funding

The study was funded by the Research Council of Finland, the Swedish Research Council for Sustainable Development (FORMAS), the Swedish Research Council (Vetenskapsradet), and the U.S. National Science Foundation.
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Robotic dog mimics mammals for superior mobility on land and in water | ScienceDaily
A team of researchers has unveiled a cutting-edge Amphibious Robotic Dog capable of roving across both land and water with remarkable efficiency. The study, published in IOP Publishing's Bioinspiration and Biometrics, was inspired by mammals' ability to move through water as well as on land.


						
Existing amphibious robots are largely inspired by reptiles or insects, and often face limitations in agility, dynamics, and load capacity. Basing the amphibious robot on the swimming style of dogs allows for it to easily transition between land and water and overcome many of the challenges faced by insect-inspired designs.

The amphibious robot paves the way for future applications in environmental research, military vehicles, rescue missions, and beyond.

To enhance its water mobility, the amphibious robotic dog features a unique paddling mechanism, modelled after the swimming motion of dogs. Careful engineering of its structure, including precise weight and buoyancy balance, ensures stable and effective aquatic performance.

The team developed and tested three distinct paddling gaits:
    	Two doggy paddle-inspired approaches optimised for speed and propulsion
    	A trot-like paddling style, designed for enhanced stability in water

Through extensive experimentation, the doggy paddle method proved superior for speed, achieving a maximum water speed of 0.576 kilometres per hour (kph), while the trot-like style prioritised stability. On land, the amphibious robotic dog reaches speeds of 1.26 kph, offering versatile mobility in amphibious environments.

"This innovation marks a big step forward in designing nature-inspired robots," says Yunquan Li, corresponding author of the study.

"Our robot dog's ability to efficiently move through water and on land is due to its bioinspired trajectory planning, which mimics the natural paddling gait of real dogs. The double-joint leg structure and three different paddling gaits address previous limitations such as slow swimming speeds and unrealistic gait planning, making the robotic dog much more effective in water."
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All of the biggest U.S. cities are sinking | ScienceDaily
A new study of the 28 most populous U.S. cities finds that all are sinking to one degree or another. The cities include not just those on the coasts, where relative sea level is a concern, but many in the interior. Furthermore, using newly granular data, the study finds that some cities are sinking at different rates in different spots, or sinking in some places and rising in others, potentially introducing stresses that could affect buildings and other infrastructure. Massive ongoing groundwater extraction is the most common cause of these land movements, say the authors, though other forces are at work in some places.


						
The study was published this week in the journal Nature Cities.

"As cities continue to grow, we will see more cities expand into subsiding regions," said lead author Leonard Ohenhen, a postdoctoral researcher at the Columbia Climate School's Lamont-Doherty Earth Observatory. "Over time, this subsidence can produce stresses on infrastructure that will go past their safety limit."

Rapidly subsiding coastal metropolises such as Jakarta, Venice and New Orleans have already drawn major attention, and multiple recent studies have shown that many places along the U.S. East Coast and elsewhere are subsiding. But most studies have relied on relatively sparse data spread over wide areas to paint a broad picture.

Looking at all U.S. cities with populations exceeding 600,000, the new study uses recent satellite data to map out vertical land movements down to the millimeter in grids measuring just 28 meters (about 90 feet) square. The authors found that in 25 of the 28 cities, two-thirds or more of their area is sinking. Overall, about 34 million people live in affected areas.

The fastest-sinking city is Houston, with more than 40% of its area subsiding more than 5 millimeters (about 1/5 inch) per year, and 12% sinking at twice that rate. Some localized spots are going down as much as 5 centimeters (2 inches) per year. Two other Texas cities, Fort Worth and Dallas, are not far behind. Some localized fast-sinking zones in other places include areas around New York's LaGuardia Airport, and parts of Las Vegas, Washington, D.C. and San Francisco.

In addition to measuring surface-elevation changes, the researchers analyzed county-level groundwater withdrawals for the affected areas. Correlating this with land movements, they determined that groundwater removal for human use was the cause for 80% of overall sinkage. Generally, this happens as water is withdrawn from aquifers made up of fine-grained sediments; unless the aquifer is replenished, the pore spaces formerly occupied by water can eventually collapse, leading to compaction below, and sinkage at the surface. In Texas, the problem is exacerbated by pumping of oil and gas, the paper says.




The researchers say that continued population growth and water usage combined with climate-induced droughts in some areas will likely worsen subsidence in the future.

In some areas, natural forces are at work. In particular, the weight of the towering ice sheet that occupied much of interior North America until about 20,000 years ago made the land along its edges bulge upward, somewhat like when one squeezes air from one part of a balloon to another. Even today, with the ice long gone, some of these bulges are still subsiding at rates of 1 to 3 millimeters each year. Affected cities include New York, Indianapolis, Nashville, Philadelphia, Denver, Chicago and Portland.

Even the sheer weight of buildings may be taking a toll. One 2023 study found that New York's more than 1 million buildings are pressing down on the Earth so hard that they may be contributing to the city's ongoing subsidence. A more recent separate study found that some buildings in the Miami area are sinking in part due to disruptions in the subsurface caused by construction of newer buildings nearby.

The new study found that eight cities (New York, Chicago, Los Angeles, Phoenix, Houston, Philadelphia, San Antonio and Dallas) account for more than 60% of the people living on sinking land. Notably, these eight cities have seen more than 90 significant floods since 2000, probably driven in part by lowering topography.

Another key finding: some cities are seeing differential motion, with adjoining localities sinking at different rates, or even sinking while other areas rise; the upward motion possibly caused by quick recharge of aquifers near rivers or other water sources. (Uplift in certain areas is actually more than compensating for overall sinkage in three cities: Jacksonville, Fla.; Memphis, Tenn. and San Jose, Calif.)

Differential motion is a problem because, as the authors point out, if a whole urban area is moving up or down evenly at the same rate, that minimizes the danger of stresses to building foundations and other infrastructure. But if structures are subjected to an array of uneven vertical movements, they can experience dangerous tilting.




"Unlike flood-related subsidence hazards, where risks manifest only when high rates of subsidence lower the land elevation below a critical threshold, subsidence-induced infrastructure damage can occur even with minor changes in land motion," the authors write.

The study found that only about 1% of the total land area in the 28 cities lies within zones where differential motion could affect buildings, roads, rail lines and other structures. However, these areas tend to be in the densest urban cores, and currently contain some 29,000 buildings. The most hazardous cities in this regard are San Antonio, where the researchers say 1 in 45 buildings are subject to high risk; Austin (1 in 71); Fort Worth (1 in 143) and Memphis (1 in 167).

The upshot for individual structures in these areas is unclear; it probably would require an even finer-grained study, said Ohenhen. An earlier study of 225 U.S. building collapses between 1989 and 2000 found that only 2% were directly attributable to subsidence. However, the factors behind 30% were designated unknown, suggesting that subsidence could have played a larger role, says the new study.

The paper concludes that cities should use this new information to focus on solutions. They say that in many places, flooding can be mitigated with land raising, enhanced drainage systems and green infrastructure such as artificial wetlands to absorb floodwaters. Cities susceptible to tilting hazards can focus on retrofitting existing structures, integrating land motions into building codes, and limiting new building in the areas of most threat.

"As opposed to just saying it's a problem, we can respond, address, mitigate, adapt," said Ohenhen. "We have to move to solutions."

The study was coauthored by researchers from Virginia Tech, the Netherlands Organisation for Applied Scientific Research, University of California Berkeley, Texas A&M University, University of Colorado Boulder, Brown University and United Nations University.
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AI-designed DNA controls genes in healthy mammalian cells for first time | ScienceDaily

The model then predicts which combination of DNA letters (A, T, C, G) are needed for the gene expression patterns required in specific types of cells. Researchers can then chemically synthesise the roughly 250-letter DNA fragments and add them to a virus for delivery into cells.

As a proof-of-concept, the authors of the study asked the AI to design synthetic fragments which activate a gene coding for a fluorescent protein in some cells while leaving gene expression patterns unaltered. They created the fragments from scratch and dropped them into mouse blood cells, where the sequence fused with the genome at random locations. The experiments worked exactly as predicted.

"The potential applications are vast. It's like writing software but for biology, giving us new ways of giving instructions to a cell and guiding how they develop and behave with unprecedented accuracy," says Dr. Robert Fromel, first author of the study who carried out the work at the Centre for Genomic Regulation (CRG) in Barcelona.

The study could lead to new ways for gene-therapy developers to boost or dampen the activity of genes only in the cells or tissues that need adjusting. It also paves the way for new strategies to fine-tune a patient's genes and make treatments more effective and reduce side effects.

The work marks an important milestone in in the field of generative biology. To date, advances in the field have largely benefited protein design, helping scientists create entirely new enzymes and antibodies faster than ever before. However, many human diseases stem from faulty gene expression that is cell-type specific, for which there might never be a perfect protein drug candidate.

Gene expression is controlled by regulatory elements like enhancers, tiny fragments of DNA which switch genes on or off. To fix faulty gene expression, researchers can comb through genomes looking for naturally-existing enhancers that happen to suit their needs, limiting themselves to the sequences evolution has produced.




AI-generated enhancers can help engineer ultra-selective switches that nature has not yet invented. They can be designed to have exactly the on/off patterns required in specific types of cells, a level of fine-tuning which is crucial for creating therapies that avoid unintended effects in healthy cells.

However, the development of AI models requires lots of high-quality data, which has been historically lacking for enhancers. "To create a language model for biology, you have to understand the language cells speak. We set out to decipher these grammar rules for enhancers so that we can create entirely new words and sentences," explains Dr. Lars Velten, corresponding author of the study and researcher at the Centre for Genomic Regulation (CRG).

The authors of the study created huge volumes of biological data to build their AI model by carrying out thousands of experiments with lab models of blood formation. They studied both enhancers and transcription factors, proteins also involved in controlling gene expression.

Until now, scientists studying enhancers and transcription factors typically used cancer cell lines because they are easier to work with. The researchers worked with healthy cells instead because it's more representative of human biology. Their work helped uncover subtle mechanisms that shape our immune system and blood cell production.

Over five years, the team synthesised more than 64,000 synthetic enhancers, each carefully designed to test different arrangements and strengths of binding sites for 38 different transcription factors. It's the largest library of synthetic enhancers ever built in blood cells to date.

Once inserted into the cells, the team tracked exactly how active each synthetic enhancer became across seven stages of blood-cell development. They discovered that while many enhancers activate genes in one type of cell, they repress genes in another.




Most enhancers worked like a volume dial, turning gene activity up or down. Surprisingly, certain combinations acted like on/off switches. The scientists call this "negative synergy," meaning two factors that usually turn a gene on individually could effectively shut that gene down when they occur together.

The data from the experiments was crucial in setting out the design principles of the machine learning model. Once the model had enough measurements of how each synthetic enhancer changed gene activity in real cells, it could predict new designs that yield on/off outcomes, even if these enhancers had never existed in nature.

The study was designed to determine if a technology can work in practice before committing to larger-scale research. The researchers have only scratched the surface. Both humans and mice have an estimated 1,600 transcription factors regulating their genomes.

The work was carried out by Lars Velten, Robert Fromel, Julia Ruhle, Aina Bernal Martinez, Chelsea Szu-Tu and Felix Pacheco Pastor, all members of Lars Velten's research group at the Centre for Genomic Regulation. Rosa Martinez Corral from the Barcelona Collaboratorium, a joint initiative between the CRG and EMBL-Barcelona, also took part. The research was funded by an ERC Starting Grant from the European Union and a grant of the Spanish National Agency for Research.
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Discovery of dopamine receptors in a previously overlooked part of the brain sheds light on the complex circuitry for anxiety and depression | ScienceDaily
Mount Sinai researchers have discovered distinct roles for two dopamine receptors located on nerve cells within the portion of the brain that controls approach vs. avoidance behavior. These receptors potentially influence anxiety and mood disorders whose origins are still unclear.


						
The team characterized the function of D1 and D2 dopamine receptors in the ventral hippocampus of mice, a region involved in the regulation of emotions and stress responses. Their work expands the field's knowledge of dopamine signaling beyond its well-known actions in other brain regions that influence reward and motivation, and sets the stage for future research into dopamine dysregulation in a range of anxiety and depressive disorders. The results of the study appeared in the May 7 issue of Nature.

"Healthy and dysregulated emotional processing related to an individual's ability to resolve conflict between approach and avoidance when making decisions on a moment-by-moment basis have long implicated the hippocampus," says senior author Eric J. Nestler, MD, PhD, Nash Family Professor of Neuroscience and Director of The Friedman Brain Institute at the Icahn School of Medicine at Mount Sinai, and Chief Scientific Officer of the Mount Sinai Health System. "Ours is the first comprehensive, functional study of newly discovered D1 and D2 expressing cells in the ventral hippocampus. We demonstrate that dopamine is more important in that area of the brain than previously believed and, moreover, that it conveys information related to decision-making under stressful conditions."

The hippocampus coordinates decision-making in anxiety-inducing situations, like when an individual has to choose whether to obtain food or drink under threatening situations. Such approach/avoidance dilemmas, where a particular goal has both desirable and potentially undesirable consequences, can cause excessive fear, confusion, and anxiety in humans.

The Mount Sinai team investigated the influence of dopamine signaling within the ventral hippocampus on approach/avoidance behavior in male mice. Researchers learned that D1 and D2 dopamine receptors expressed in different neuronal populations are called into play to help execute approach/avoidance decisions. These receptors and the cells that express them mediate opposite approach/avoidance responses, and are differentially impacted by dopamine transmission in that region of the brain.

The team was surprised to learn that the neuronal cells that express D1 and D2 receptors, which are most highly enriched in the striatum -- a critical part of the motor and reward system -- are also relevant in the hippocampus. Another unexpected behavioral observation was that mice whose D2 cells were artificially activated became much less fearful.

"These discoveries underscored for us that dopamine is an important component of the hippocampal circuitry and that dopamine signaling should be reconsidered in many brain regions where it was previously overlooked, especially those associated with learning, memory, and emotional behavior," notes Dr. Nestler, whose considerable research over the years has been designed to better understand the molecular mechanisms of drug addiction and depression. "Our work further implicates dopamine dysregulation in anxiety and mood disorders."

Dr. Nestler credits the study's two co-first authors, Arthur Godino, PhD, a graduate student and later postdoctoral fellow, and Marine Salery, PhD, a postdoctoral fellow, and the rest of the large research team for the creative advances made in this investigation.




The next step for Dr. Nestler and his team is to show precisely how the dopamine-hippocampus circuit that modulates approach/avoidance is dysregulated in several stress-related conditions, such as anxiety disorders and major depressive disorders (which involve increased avoidance) and in drug addiction (where individuals seek drug rewards despite harmful consequences).

"By helping to delineate the neuromodulatory circuits that govern these disorders," says Dr. Nestler, "we're taking an essential step toward addressing a leading cause of disability in humans worldwide."

This work was funded by grants from the National Institute on Drug Abuse, National Institute of Mental Health, and Hope for Depression Research Foundation.
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Are you curious? It might help you stay sharp as you age | ScienceDaily
What is the trick to aging successfully? If you're curious about learning the answer, you might already be on the right track, according to an international team of psychologists including several from UCLA. Their research shows that some forms of curiosity can increase well into old age and suggests that older adults who maintain curiosity and want to learn new things relevant to their interests may be able to offset or even prevent Alzheimer's disease. Conversely, those who show muted curiosity and disinterest may be at risk for dementia. The finding contradicts prior research that showed that curiosity decreases with age.


						
"The psychology literature shows that oftentimes what's known as trait curiosity, or a person's general level of curiosity, tends to decline with age," said UCLA psychologist Alan Castel, who is the senior author of a new paper published in the journal PLOS One. "But we thought that was a little bit strange and went against some of the things we saw in some of the older adult participants in our experiments, who would often be very engaged and interested in learning about memory, specifically, but even other forms of trivia."

Castel and Mary Whatley, who led the research as a doctoral student at UCLA and is now an assistant professor of psychology at Western Carolina University, and colleagues Kou Murayama and Michiko Sakaki at the University of Tubingen and Kochi University of Technology, wondered if the answer lay in a different type of curiosity called state curiosity.

State curiosity is what psychologists call the kind of momentary feeling of curiosity people experience when they are asked about specific topics. Trait curiosity, on the other hand, is a personality trait. Some people, for example, might not be very inquisitive by nature, being content to accept things more or less at face value (trait curiosity), but have a passionate thirst for knowledge in specific topics or hobbies (state curiosity). All people possess varying degrees of both trait and state curiosity.

To tease apart the two types of curiosity, the researchers recruited a large sample of participants between the ages of 20 and 84, with an average age of 44, to complete an online questionnaire designed to assess how curious they were in general, or their trait curiosity. Then, to test state curiosity, the researchers asked the participants to guess the answers to hard trivia questions that most people were unlikely to already know -- e.g., What was the first country to give women the right to vote? The researchers asked people to guess an answer, then asked participants how interested they were to know the answer before showing the correct answer (if you are curious: New Zealand).

Analysis showed that the two kinds of curiosity are correlated: People who have more state curiosity also experience more trait curiosity, and vice versa. In general, trait curiosity did decline across the adult lifespan. However, the interest ratings people gave in learning new information from trivia -- a measure of state curiosity -- declined in early adulthood, then increased sharply after middle age and continued upward well into old age. The finding, Castel said, mirrors research that shows a dip in happiness in midlife.

One reason for the discrepancy, the researchers suggest, is that until middle age, people are usually interested in acquiring the knowledge, skills and opportunities they need to succeed at school and their jobs, pay mortgages and raise families, and thus a fairly high level of overall curiosity is needed. These obligations also come with stressors that could contribute to a decline in overall happiness. But as they age and gather this knowledge, they don't need to allocate as many resources to trait curiosity. As their children leave home and they begin to retire, for example, people can indulge specific interests, and state curiosity increases.




"Our findings fit with some of my work on selectivity theory, which is that as we get older, we don't want to stop learning, we're just more selective about what we want to learn," Castel said. "You see this in the context of lifelong learning: A lot of older adults will go back to take classes or pick up hobbies or engage in bird watching. I think it shows that this level of curiosity, if maintained, can really keep us sharp as we age."

Castel said that his research on memory has shown that people tend to quickly forget information that doesn't engage their curiosity.

"As we get older, maybe we want to be focused on the things that are important, and we forget the things that are less relevant," Castel said. "Anecdotally, a lot of older adults I speak to say that it's important to stay curious. That fits with some of the research that shows that people who have early stages of dementia might show disinterest in things that they once enjoyed."

This work was supported in part by the National Institutes of Health's National Institute on Aging, the Leverhulme Trust and the Alexander von Humboldt Foundation.
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The world's wealthiest 10% caused two thirds of global warming since 1990 | ScienceDaily
Wealthy individuals have a higher carbon footprint. A new study published in Nature Climate Change quantifies the climate outcomes of these inequalities. It finds that the world's wealthiest 10% are responsible for two thirds of observed global warming since 1990 and the resulting increases in climate extremes such as heatwaves and droughts.


						
The study assesses the contribution of the highest emitting groups within societies and finds that the top 1% of the wealthiest individuals globally contributed 26 times the global average to increases in monthly 1-in-100-year heat extremes globally and 17 times more to Amazon droughts.

The research sheds new light on the links between income-based emissions inequality and climate injustice, illustrating how the consumption and investments of wealthy individuals have had disproportionate impacts on extreme weather events. These impacts are especially severe in vulnerable tropical regions like the Amazon, Southeast Asia, and southern Africa -- all areas that have historically contributed the least to global emissions.

"Our study shows that extreme climate impacts are not just the result of abstract global emissions, instead we can directly link them to our lifestyle and investment choices, which in turn are linked to wealth," explains lead author Sarah Schongart, an alumna of the 2024 Young Scientists Summer Program (YSSP), who is currently associated with ETH Zurich. "We found that wealthy emitters play a major role in driving climate extremes, which provides strong support for climate policies that target the reduction of their emissions."

Using a novel modeling framework that combined economic data and climate simulations, the researchers were able to trace emissions from different global income groups and assess their contributions to specific climate extremes. They found that emissions from the wealthiest 10% of individuals in the United States and China alone, each led to a two-to threefold increase in heat extremes across vulnerable regions.

"If everyone had emitted like the bottom 50% of the global population, the world would have seen minimal additional warming since 1990," says coauthor Carl-Friedrich Schleussner, who leads the Integrated Climate Impacts Research Group at IIASA. "Addressing this imbalance is crucial for fair and effective climate action."

The study also emphasizes the importance of emissions embedded in financial investments, rather than just personal consumption. The authors argue that targeting the financial flows and portfolios of high-income individuals could yield substantial climate benefits.

"This is not an academic discussion -- it's about the real impacts of the climate crisis today," adds Schleussner. "Climate action that doesn't address the outsize responsibilities of the wealthiest members of society, risks missing one of the most powerful levers we have to reduce future harm."

The authors suggest that their findings could motivate progressive policy instruments targeted at societal elites, noting that such policies can also foster social acceptance of climate action. Making rich individual polluters pay can also help to provide much needed support for adaptation and loss and damage in vulnerable countries. They conclude that rebalancing responsibility for climate action in line with actual emissions contributions is essential, not just to slow global warming, but to achieve a more just and resilient world.

The study is the result of work undertaken as part of Schongart's YSSP project in 2024 for which she was awarded the IIASA Levien award.
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New study tracks air pollution and CO2 emissions across thousands of cities worldwide | ScienceDaily
In a sweeping new study of more than 13,000 urban areas worldwide, researchers have mapped air pollution levels and carbon dioxide emissions, providing comprehensive global analysis of urban environmental quality.


						
The research led by George Washington University, in collaboration with scientists from Washington University in St. Louis and the University of North Carolina at Chapel Hill, used data from satellite observations, ground-based measurements and computer models to measure city-level air pollution and the average amount of carbon dioxide released into the atmosphere in 13,189 urban areas globally. The study, which highlights regional disparities, focused on the years spanning from 2005-2019.

"This study provides a powerful snapshot of how urban environments are evolving across the globe," said Susan Anenberg, professor of environmental and occupational health at the GW Milken Institute School of Public Health and director of the GW Climate and Health Institute. "It also shows that progress is possible but uneven, with some cities seeing worsening pollution while others are experiencing cleaner air over time."

Key Findings:
    	    More than 50% of cities showed links between all pollutants, suggesting they likely come from the same sources and could be reduced together.
    
    	    Urban areas in high-income regions with aggressive environmental policies saw simultaneous declines in all pollutants.
    
    	    Cities in regions undergoing rapid population and economic growth, including South Asia and parts of Africa, experienced rising pollution and emissions levels.
    
    	    Satellite remote sensing provides an unprecedented opportunity to track pollution levels in all cities worldwide.
    

The study's integrated approach offers policymakers, researchers and climate advocates a valuable new tool for assessing the effectiveness of strategies to reduce pollution. By tracking historical pollutant trends and analyzing correlations across air pollution, nitrogen dioxide and carbon dioxide emissions, the study offers insights into how urban areas can make progress on both climate and public health goals.

Researchers also created an interactive map and dashboard to track air pollution in cities worldwide.
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The atmospheric memory that feeds billions of people: Newly discovered mechanism for monsoon rainfall | ScienceDaily
Across the globe, monsoon rainfall switches on in spring and off in autumn. Until now, this seasonal pattern was primarily understood as an immediate response to changes in solar radiation. A new study by the Potsdam Institute for Climate Impact Research (PIK), published in the scientific journal PNAS, shows for the first time that the atmosphere can store moisture over extended periods, creating a physical memory effect. It allows monsoon systems to flip between two stable states. Disrupting this delicate balance, would have severe consequences for billions of people in India, Indonesia, Brazil and China.


						
"The atmosphere can 'remember' its previous state by storing physical information in the form of water vapour," explains Anja Katzenberger, PIK researcher and author of the study. "In practical terms, this means that even though solar radiation increases or decreases with the seasons, the atmosphere doesn't always respond immediately. During spring, water vapour accumulates over days and weeks. This reservoir determines the onset of monsoon rainfall in early summer and maintains it even as solar influx starts to decline in autumn."

Path dependence in the atmosphere: How the monsoon "remembers"

Combining observational data from India, China and other monsoon regions with atmospheric simulations, the research team shows that the state of the atmosphere depends on its seasonal history: If it's already raining, the rain persists. But if it has been dry, it is hard to initiate rainfall. In spring, the atmosphere is typically dry and needs to "fill up" with water vapour before the monsoon can start. In contrast, the post-monsoon atmosphere in autumn remains moist and continues to support rainfall even as solar radiation weakens. "This behaviour is what we call bistability," says Katzenberger. "At the same level of solar radiation, the atmosphere can either be dry or rainy, depending on the preceding state."

"We've long known that systems like the ocean or the massive ice sheets have some sort of memory. But the atmosphere? That was thought impossible," adds study co-author Anders Levermann, who leads the department of Complexity Science at PIK. "This memory effect leads to a switch-like behaviour in monsoon rainfall, a seasonal flip from 'off' to 'on' and back again. And crucially, it doesn't happen gradually -- it's abrupt, sudden." Such abrupt shifts are characteristic of other tipping elements in the climate system, but the monsoon is special, Levermann says: "What's particularly notable is that the monsoon crosses its tipping point every year and then returns. This could enable us in the future to actually identify the tipping point with observational data and develop an early warning system."

A combination of observation, theory and simulation

To unravel the mechanism behind this bistable behaviour, the team used both real-world data and simulations with a high-resolution atmospheric general circulation model developed at Princeton University. In an idealised "Monsoon Planet" setup, they isolated the atmosphere from slower Earth system components like the oceans. The simulations showed that monsoon rainfall can flip between a dry and wet state without the thermal inertia of the ocean. Key to this behaviour is the formation of a robust column of atmospheric moisture that stabilises rainfall over weeks. The central tipping point in this system can clearly be identified as a threshold, explains Katzenberger: "When atmospheric water vapour exceeds around 35 kilograms per square metre, the monsoon switches on. If it falls below that, it switches off. This abrupt, threshold-based response defines the bistability."

If this dynamic were disrupted, for example through pollution or global warming, we could face major challenges, concludes Levermann: "This would have dramatic consequences for billions of people in regions like India, Indonesia, Brazil and China who depend with their livelihood on monsoon rainfall -- It would disrupt not only our climate system, but our societies worldwide."
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Scientists discover the genes that influence when babies start walking | ScienceDaily
The age at which babies take their first steps is strongly influenced by their genes, according to new research from the University of Surrey. In the first study of its kind, scientists analysed the genetic information of more than 70,000 infants. They identified 11 genetic markers influencing when babies start walking, thus offering multiple targets for future in-depth biological investigation.


						
In a paper published in Nature Human Behaviour, the study found that genetics accounts for about a quarter of the differences in when children take their first steps.

For years, researchers knew that environmental factors could influence when babies begin to walk, but this new finding shows that genetics also has a major impact. It suggests that, just like with other traits such as height, some children may naturally start walking earlier or later because of their genetic propensity.

Professor Angelica Ronald, senior researcher on the study from the University of Surrey, said:

"Most babies take their first step sometime between ages 8 months and 24 months, so it is a wide window in which this exciting milestone happens. It is a big moment for both parents and baby; it symbolises a new phase in a child's life.

Dr Anna Gui, an author of the study and a researcher at the University of Rome Tor Vergata and Birkbeck, University of London said:

"Until now, we didn't understand what causes the wide differences between children in when they take their first step. Parents might often worry that walking early or late is a bad sign or that they have done something wrong. We see that genetics play a considerable role in influencing the timing of this milestone."

Walking isn't just a key milestone in the development of a child, but it is connected in terms of genetic influences with many other important aspects of human development. The study found that the genetic factors influencing when children take their first step are partly the same genetic factors that influence brain development including the amount of folding and ridges in the outer surface of the brain (the "cortex"). Moreover, walking later within the typical range was linked genetically with less chance of developing ADHD. Finally, the study showed that relatively later onset of walking was influenced by some of the same genes involved in higher educational attainment.




Professor Angelica Ronald said:

"It is exciting to be able to discover the genes that influence when children learn to walk. Starting to walk independently is a major milestone for young children. We hope these new genetic findings can advance fundamental understanding about the causes of walking and be used to better support children with motor disorders and learning disabilities.

"While parents should still see their GP if they are concerned, a slightly later start is not always a sign of problems. There is a lot of variety in when children take their first step on their own."

Led by scientists in the UK, the study was made possible through a large collaboration with scientists in the UK, Netherlands and Norway, and through UK and international funding including from the Simons Foundation for Autism Research Initiative.
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Stellar collapse and explosions distribute gold throughout the universe | ScienceDaily
Magnetar flares, colossal cosmic explosions, may be directly responsible for the creation and distribution of heavy elements across the universe, suggests a new study.


						
For decades, astronomers only had theories about where some of the heaviest elements in nature, like gold, uranium and platinum, come from. But by taking a fresh look at old archival data, researchers now estimate that up to 10% of these heavy elements in the Milky Way are derived from the ejections of highly magnetized neutron stars, called magnetars.

Until recently, astronomers had unwittingly overlooked the role that magnetars, essentially dead remnants of supernovae, might play in early galaxy formation, said Todd Thompson, co-author of the study and a professor of astronomy at The Ohio State University.

"Neutron stars are very exotic, very dense objects that are famous for having really big, very strong magnetic fields," said Thompson. "They're close to being black holes, but are not."

While the origins of heavy elements had long been a quiet mystery, scientists knew that they could only form in special conditions through a method called the r-process (or rapid-neutron capture process), a set of unique and complex nuclear reactions, said Thompson.

Scientists saw this process in action when they detected the collision of two super-dense neutron stars in 2017. This event, captured using NASA telescopes, the Laser Interferometer Gravitational wave Observatory (LIGO) and other instruments, provided the first direct evidence that heavy metals were being created by celestial forces.

But further evidence showed that other mechanisms might be needed to account for all these elements, as neutron star collisions might not produce heavy elements fast enough in the early universe. According to this new study, building on these clues helped Thompson and his collaborators recognize that powerful magnetar flares could indeed serve as a potential ejectors of heavy elements, a finding confirmed by 20-year-old observations of SGR 1806-20, a magnetar flare so bright that some measurements of the event could only be made by studying its reflection off the moon.




By analyzing this magnetar flare event, researchers determined that the radioactive decay of the newly created elements matched up with their theoretical predictions about the timing and types of energies released by a magnetar flare after it ejected heavy r-process elements. The researchers also theorized that magnetar flares produce heavy cosmic rays, extremely high-velocity particles whose physical origin remains unknown.

"I love new ideas about how systems work, how new discoveries work, how the universe works," Thompson said. "That's why results like this are really exciting."

The study was recently published in The Astrophysical Journal Letters.

Magnetars may provide unique insights into galactic chemical evolution, including the formation of exoplanetary systems and their habitability.

Not only do magnetars produce valuable metals like gold and silver that end up on Earth, the supernova explosions that cause them also produce elements like oxygen, carbon and iron that are vital for many other, more complex celestial processes.

"All of that material they eject gets mixed into the next generation of planets and stars," said Thompson. "Billions of years later, those atoms are incorporated into what could potentially amount to life."

Altogether, these findings have deep implications for astrophysics, particularly for scientists studying the origin of both heavy elements and fast radio bursts -- brief shivers of electromagnetic radio waves from faraway galaxies. Understanding how matter ejects from magnetars could help scientists learn more about them.




Due to their rarity and short duration, magnetar flares can be difficult to observe,

and current space-based telescopes like the James Webb Space Telescope and Hubble don't have the dedicated abilities needed to detect and study their emission signals. Even more specialized observatories like NASA's Fermi Gamma-ray Space Telescope can only see the brightest part of gamma-ray flashes from nearby galaxies.

Instead, one proposed NASA mission, the Compton Spectrometer and Imager (COSI), could bolster the team's work by surveying the Milky Way for energetic events like giant magnetar flares. Though another event like SGR 1806-20 might not occur this century, if a magnetar flare did detonate in our backyard, COSI could be used to better identify the individual elements created from its eruption and allow this team of researchers to confirm their theory about where heavy elements in the universe come from.

"We're generating a bunch of new ideas about this field, and ongoing observations will lead to even more great connections," said Thompson.

The study was supported by the National Science Foundation, NASA, the Charles University Grant Agency and the Simons Foundation. Co-authors include Anirudh Patel and Brian D. Metzger from Columbia University, Jakub Cehula from Charles University in Prague, Eric Burns from Louisiana State University and Jared A. Goldberg from the Flatiron Institute.
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Junk food for thought: Landmark study directly links ultra-processed foods to poor health | ScienceDaily
A landmark study exploring Canadians' consumption of chips, frozen pizzas, breakfast cereals and other ultra-processed foods typically loaded with fat, sugar and additives has confirmed these foods are directly and significantly linked to poor health outcomes.


						
Researchers at McMaster University investigated the relationship between ultra-processed food (UPF) consumption and risk factors including blood pressure, cholesterol levels (LDL and HDL), waist circumference and body mass index (BMI).

Their study is the first in Canada to leverage population-based and robust biomarker data to examine this relationship.

The team analyzed data from more than 6,000 adults across Canada, representing a diverse range of ages, health conditions and socio-economic backgrounds. The subjects completed a questionnaire for the Canadian Health Measures Survey, conducted by Health Canada and Statistics Canada, and were then personally assessed at mobile clinics.

Individuals who consumed the most UPF were more likely to be men, and to have lower income levels, less education and to have reported lower fruit and vegetable intake. They had significantly higher BMI, waist circumference, blood pressure, insulin, and triglyceride levels than those who consumed the least UPF.

Researchers noted that many links between UPF consumption and cardiometabolic risk factors remained significant even after adjusting for BMI, suggesting that ultra-processed foods may influence health through mechanisms beyond weight gain, such as inflammation, insulin resistance, and poor metabolic regulation -- all well-established predictors of heart disease and type 2 diabetes.

The associations persisted even after adjusting for physical activity, smoking, the total amount of food consumed and socioeconomic factors including income and education.




"We have this very complex food supply that is more than just the nutritional composition of a food," explains Anthea Christoforou, an assistant professor in the Department of Kinesiology at McMaster University and senior author of the paper.

"It may be about the additives. The way the food is prepared. It's related to the packaging and the marketing of that food. All these things come together to create this food environment that really affects the healthfulness of our diets."

The study, published today in the journal of Nutrition and Metabolism, uncovered a strong association between UPF consumption and the presence of C-reactive protein (CRP), which the liver produces in response to inflammation, as well as an increase of white blood cells.

"These two biomarkers indicate that these foods are causing an inflammatory response in our bodies. In a sense, this suggests that our bodies are seeing these as non-foods, as some kind of other element," says Christoforou.

UPFs are ready-to-eat, pre-packaged foods, often high in sodium, sugar and unhealthy fats, while being low in fibre, minerals and vitamins. They are often more convenient, heavily marketed, and appeal to time-pressed consumers, factors that may contribute to higher consumption among lower-income groups and growing health disparities.

Researchers point out that such foods have come to dominate the global food supply, particularly in middle- and high-income countries. Canadian study participants consumed an average of more than three servings of UPFs per day, but those who consumed the highest amounts averaged six servings daily, and researchers believe UPFs may be replacing healthier foods such as fruits and vegetables.




"Ultra-processed foods are impacting health across all socioeconomic groups," says Angelina Baric, a graduate student in the Department of Kinesiology at McMaster and co-author of the study. "While some populations are more exposed to these foods, our findings show that the health risks persist independently of income and education. This highlights the need for broad, equitable food policies that protect everyone."

Health Canada currently recommends reducing the consumption of processed foods as part of its healthy eating guidelines and has begun consultations to develop broader strategies for limiting UPFs in the Canadian food supply.

"We found consistent evidence that eating ultra-processed foods is associated with cardiometabolic risk factors, which not only reinforces the evidence we have seen linking these foods with rising overweight and obesity rates in Canada and other parts of the world, but also provides more detailed information about what's happening in the body before a full disease," says Baric.

In future, the research team plans to develop a study on children's eating habits as related to processed foods, and female health, focusing on fertility, menses and the onset of menopause.

They are also investigating the biological mechanisms by which UPFs may trigger inflammation and metabolic dysfunction and exploring the role of affordability and food environments in driving UPF consumption -- with the aim of informing more equitable public health strategies.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250507130328.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Physicists snap the first images of 'free-range' atoms | ScienceDaily
MIT physicists have captured the first images of individual atoms freely interacting in space. The pictures reveal correlations among the "free-range" particles that until now were predicted but never directly observed. Their findings, appearing in the journal Physical Review Letters, will help scientists visualize never-before-seen quantum phenomena in real space.


						
The images were taken using a technique developed by the team that first allows a cloud of atoms to move and interact freely. The researchers then turn on a lattice of light that briefly freezes the atoms in their tracks, and apply finely tuned lasers to quickly illuminate the suspended atoms, creating a picture of their positions before the atoms naturally dissipate.

The physicists applied the technique to visualize clouds of different types of atoms, and snapped a number of imaging firsts. The researchers directly observed atoms known as "bosons," which bunched up in a quantum phenomenon to form a wave. They also captured atoms known as "fermions" in the act of pairing up in free space -- a key mechanism that enables superconductivity.

"We are able to see single atoms in these interesting clouds of atoms and what they are doing in relation to each other, which is beautiful," says Martin Zwierlein, the Thomas A. Frank Professor of Physics at MIT.

In the same journal issue, two other groups report using similar imaging techniques, including a team led by Nobel laureate Wolfgang Ketterle, the John D. MacArthur Professor of Physics at MIT. Ketterle's group visualized enhanced pair correlations among bosons, while the other group, from Ecole Normale Superieure in Paris, led by Tarik Yefsah, a former postdoc in Zwierlein's lab, imaged a cloud of noninteracting fermions.

The study by Zwierlein and his colleagues is co-authored by MIT graduate students Ruixiao Yao, Sungjae Chi, and Mingxuan Wang, and MIT assistant professor of physics Richard Fletcher.

Inside the cloud

A single atom is about one-tenth of a nanometer in diameter, which is one-millionth of the thickness of a strand of human hair. Unlike hair, atoms behave and interact according to the rules of quantum mechanics; it is their quantum nature that makes atoms difficult to understand. For example, we cannot simultaneously know precisely where an atom is and how fast it is moving.




Scientists can apply various methods to image individual atoms, including absorption imaging, where laser light shines onto the atom cloud and casts its shadow onto a camera screen.

"These techniques allow you to see the overall shape and structure of a cloud of atoms, but not the individual atoms themselves," Zwierlein notes. "It's like seeing a cloud in the sky, but not the individual water molecules that make up the cloud."

He and his colleagues took a very different approach in order to directly image atoms interacting in free space. Their technique, called "atom-resolved microscopy," involves first corralling a cloud of atoms in a loose trap formed by a laser beam. This trap contains the atoms in one place where they can freely interact. The researchers then flash on a lattice of light, which freezes the atoms in their positions. Then, a second laser illuminates the suspended atoms, whose fluorescence reveals their individual positions.

"The hardest part was to gather the light from the atoms without boiling them out of the optical lattice," Zwierlein says. "You can imagine if you took a flamethrower to these atoms, they would not like that. So, we've learned some tricks through the years on how to do this. And it's the first time we do it in-situ, where we can suddenly freeze the motion of the atoms when they're strongly interacting, and see them, one after the other. That's what makes this technique more powerful than what was done before."

Bunches and pairs

The team applied the imaging technique to directly observe interactions among both bosons and fermions. Photons are an example of a boson, while electrons are a type of fermion. Atoms can be bosons or fermions, depending on their total spin, which is determined by whether the total number of their protons, neutrons, and electrons is even or odd. In general, bosons attract, whereas fermions repel.




Zwierlein and his colleagues first imaged a cloud of bosons made up of sodium atoms. At low temperatures, a cloud of bosons forms what's known as a Bose-Einstein condensate -- a state of matter where all bosons share one and the same quantum state. MIT's Ketterle was one of the first to produce a Bose-Einstein condensate, of sodium atoms, for which he shared the 2001 Nobel Prize in Physics.

Zwierlein's group now is able to image the individual sodium atoms within the cloud, to observe their quantum interactions. It has long been predicted that bosons should "bunch" together, having an increased probability to be near each other. This bunching is a direct consequence of their ability to share one and the same quantum mechanical wave. This wave-like character was first predicted by physicist Louis de Broglie. It is the "de Broglie wave" hypothesis that in part sparked the beginning of modern quantum mechanics.

"We understand so much more about the world from this wave-like nature," Zwierlein says. "But it's really tough to observe these quantum, wave-like effects. However, in our new microscope, we can visualize this wave directly."

In their imaging experiments, the MIT team were able to see, for the first time in situ, bosons bunch together as they shared one quantum, correlated de Broglie wave. The team also imaged a cloud of two types of lithium atoms. Each type of atom is a fermion, that naturally repels its own kind, but that can strongly interact with other particular fermion types. As they imaged the cloud, the researchers observed that indeed, the opposite fermion types did interact, and formed fermion pairs -- a coupling that they could directly see for the first time.

"This kind of pairing is the basis of a mathematical construction people came up with to explain experiments. But when you see pictures like these, it's showing in a photograph, an object that was discovered in the mathematical world," says study co-author Richard Fletcher. "So it's a very nice reminder that physics is about physical things. It's real."

Going forward, the team will apply their imaging technique to visualize more exotic and less understood phenomena, such as "quantum Hall physics" -- situations when interacting electrons display novel correlated behaviors in the presence of a magnetic field.

"That's where theory gets really hairy -- where people start drawing pictures instead of being able to write down a full-fledged theory because they can't fully solve it," Zwierlein says. "Now we can verify whether these cartoons of quantum Hall states are actually real. Because they are pretty bizarre states."

This work was supported, in part, by National Science Foundation through the MIT-Harvard Center for Ultracold Atoms, as well as by the Air Force Office of Scientific Research, the Army Research Office, the Department of Energy, the Defense Advanced Projects Research Agency, a Vannevar Bush Faculty Fellowship, and the David and Lucile Packard Foundation.
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Smart spongy device captures water from thin air | ScienceDaily
Engineers from Australia and China have invented a sponge-like device that captures water from thin air and then releases it in a cup using the sun's energy, even in low humidity where other technologies such as fog harvesting and radiative cooling have struggled.


						
The water-from-air device remained effective across a broad range of humidity levels (30 -- 90%) and temperatures (5 -- 55 degrees Celsius).

Senior researcher Dr Derek Hao, from RMIT University in Melbourne, said the invention relied on refined balsa wood's naturally spongy structure, modified to absorb water from the atmosphere and release it on demand.

The wood-based composite developed by the team for their research fit snuggly into a cup with a dome lid and anti-pollution tray, a cooling mechanism and an activation system powered by the sun.

"Billions of people around the world lack access to drinkable water, and millions die from water-borne diseases every year," said Hao, a materials scientist and environmental engineer in RMIT's School of Science.

Hao was corresponding author on the study, which was done in collaboration with five Chinese research institutions, led by Dr Junfeng Hou from Zhejiang A&F University.

"Our team has invented a device comprising wood's spongy scaffolding, lithium chloride, iron oxide nanoparticles, a carbon nanotube layer and other specialised features," Hao said.




The team used artificial intelligence for accurate prediction and optimisation of the device's water harvesting and discharging performance under varying environmental conditions.

Watershed moment

The spongy material, which is an early-stage lab prototype, absorbs moisture from the atmosphere when the cup's lid is open. When the lid is closed under sunlight, water is released into the cup.

Under laboratory conditions, the water-from-air device absorbed about 2 milliliters of water per gram of material at 90% relative humidity and released nearly all the water within 10 hours under sun exposure -- higher than most other known methods and at less cost. With nine sponge cubes, each weighing 0.8 grams, 15 milliliters of water can be absorbed and released into the cup.

"In outdoor tests, our device captured 2.5 milliliters of water per gram overnight and released most of it during the day, achieving a daily water collection efficiency of 94%," Hou said.

"At 30% humidity, our device absorbed water at about 0.6 milliliters per gram.




"These results highlight its potential use in off-grid, solar-driven water harvesting systems."

Benefits of the nature-inspired design

Hao said the use of natural wood as a matrix not only reduced costs but also provided structural integrity and enhanced water transport through its porous architecture.

"These features enable the material to be manufactured in large quantities and deployed in real-world applications such as water collection in remote or arid regions," he said.

"The device retained its flexibility and water-absorbing function even after being stored at [?]20 degrees Celsius for 20 days, demonstrating excellent freeze resistance.

"Its moisture absorption-release performance was stable across 10 consecutive cycles, with less than 12% decline in efficiency."

Potential applications and scalability

Hao said the device would be suited to emergency scenarios, such as in the wake of natural disasters where water supplies have been compromised, if the team can scale-up and optimise the modular innovation.

"The current demonstration unit size is 15 cubic millimeters. It would be very easy to prepare a larger unit, or we can use the units to form an array," Hao said.

"Its ability to harvest potable water from the atmosphere using only sunlight makes it invaluable in disaster-stricken areas where traditional water sources are compromised. The system's portability and reliance on renewable energy further enhance its applicability in such contexts."

Hao said the material was designed with scalability and affordability in mind.

"The main component, balsa wood, is widely available, biodegradable and cheap, and the manufacturing process is not complex, which could enable mass production.

"The demonstrated stable performance over multiple cycles and in various environmental conditions indicates longevity and cost-effectiveness."

Hao said the team was in discussion with prospective industry partners on pilot-scale production and field deployment, integration into modular water-from-air harvesting systems.

"Solar panels combined with thermal energy storage could enable round-the-clock operation, particularly in areas with intermittent sunlight," he said.

Developing automated control systems using Internet of Things sensors to monitor relative humidity, temperature and solar intensity could further optimise water harvesting cycles, Hao said.

"Building on the artificially intelligent design used in the study, more advanced design platforms could be developed to screen new material combinations and predict long-term water absorption and release performance," he said.
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Triassic fossil reveals nature's best jaw for hunting fast fish | ScienceDaily
The best jaw for hunting fast fish is long and full of sharp teeth.


						
This makes sense to us, but it also makes sense in nature: New fossil evidence from Virginia Tech geoscientists revealed that different species of predatory fish independently evolved similar jaw structure hundreds of millions of years apart.

"The same evolutionary problem is being solved in the same way. You make yourself into an arrow, and you turn your jaws into a fish trap," said Jack Stack, a graduate student in the Department of Geosciences and lead author on an April study published the Journal of Vertebrate Paleontology.

Working alongside paleobiologists Michelle Stocker and Sterling Nesbitt with junior microbiology major Maranda Stricklin, Stack drew this conclusion by analyzing a fossilized Triassic-era fish, Saurichthys justicias (pronounced sir-ick-these), sifted out of an ancient river deposit in western Texas.

This particular deposit has been a treasure trove for the Virginia Tech fossil team. But it probably was "pretty gross" when the river was flowing 225 million years ago, Stack said.

"It was a muddy little pool, full of poop and dead animals, dead fish," Stack said.

The paleobiologists recognized a fossiliferous rock layer when they spotted fossil fish scales, a telltale sign that more fossils could be found beneath the surface.




After collecting and screenwashing sediment from the site, they sorted it under a microscope and took high-resolution photos. When the jawbone emerged, Stricklin took point. The undergraduate researcher used micro-CT scanning technology to create a three-dimensional cross section, revealing all that remained of a foot-long skillful killer.

The wicked countenance resembles modern-day pike or needlefish with their elongated toothy jaws, and yet Saurichthys justicias evolved entirely independently from these fish. It is from an extinct branch of ray-finned fishes -- a group that comprises more than 50 percent of all living vertebrate species, including familiar animals such as goldfish, tuna, bass, and approximately 35,000 other species.

In addition to uncovering how and why certain evolutionary traits reemerge again and again, long-lost Saurichthys justicias is already helping scientists reconstruct the history of ray-finned fish to better understand today's animals and better anticipate how they will respond to freshwater ecosystem changes still to come.

New genus and species
    	The genus name Saurichthysderives from the Greek word "sauros" meaning lizard and the Greek word "Ichthus"meaning fish.
    	The species name justicias derives from the Latin term "iustitia" meaning justice, named for the town of Justiceburg, Texas, where the fossil was unearthed.
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Piecing together the brain puzzle | ScienceDaily
Our brain is a complex organ. Billions of nerve cells are wired in an intricate network, constantly processing signals, enabling us to recall memories or to move our bodies. Making sense of this complicated network requires a precise look into how these nerve cells are arranged and connected. "LICONN," a new microscopy method developed by scientists at the Institute of Science and Technology Austria (ISTA) and Google Research, now helps piece together this puzzle.


						
Light microscopes have been evolving for centuries. Scientists use light microscopy to -- literally and figuratively -- illuminate the most intricate biological structures. However, unraveling the complex details and architecture of the brain remains a seemingly impossible challenge, considering its billions of densely packed neurons, each linked to other cells via thousands of synapses. A new microscopy pipeline called "LICONN" (light-microscopy-based connectomics), developed at the Institute of Science and Technology Austria (ISTA), now offers a breakthrough.

LICONN is the first technology beyond electron microscopy capable of reconstructing brain tissue with all the synaptic connections between neurons. It also opens up the possibility of visualizing complex molecular machinery alongside the structure of neurons, all while utilizing standard light microscopes for measurements.

This new technique was developed by Mojtaba R. Tavakoli, Julia Lyudchik, Johann Danzl, and their colleagues from the High-Resolution Optical Imaging for Biology research group at ISTA. They collaborated with the Novarino group at ISTA and Michal Januszewski and Viren Jain from Google Research. The method is now published in Nature.

New possibilities with LICONN

Mojtaba R. Tavakoli opens a curtain, revealing a light microscope with endless wires connecting the optical instrument to a computer. The screen's lights shine bright -- glooming shades of green and pink illuminate the almost pitch-black room. "That's the hippocampus -- a brain region responsible for memory formation," says Tavakoli and points to the screen. "The fluorescent dots you see are molecules involved in synaptic transmission." The ISTA graduate moves the frame and adjusts the settings.

LICONN is the Danzl group's newest microscopy technique. It acts like a meticulous puzzle solver, assembling the intricate brain networks by piecing together the finest neuronal processes and correctly linking each synaptic connection to its respective neuron. "Up to now, no light microscopy technique could do that," says Johann Danzl, a trained medical doctor and physicist, now professor at ISTA. "It was a longstanding goal of our group to build such a pipeline for reconstructing brain tissue. And LICONN can do this while placing specific molecules into the context of the structural reconstruction." What stands out is that the image acquisition is done on a standard off-the-shelf microscope, which is very fast and offers multicolor capability. The technique can be reproduced anywhere in the world, as scientists do not require high-end, expensive equipment that would be needed for current approaches for brain tissue reconstruction. To obtain this level of detail, the resolution has to be extraordinarily high, around a few tens of nanometers, 10,000 times smaller than the width of a human hair. But how to accomplish that? Expertise in chemistry comes in handy.




Zooming with a gel

For LICONN, the team made use of the chemical and physical properties of hydrogel, a three-dimensional polymer network. Hydrogel has similar characteristics to baby diapers: it can take up water and swell, but does so in a highly controlled manner.

The brain tissue of interest is embedded in this hydrogel. "Cellular components are linked to the hydrogel, meaning the cells' fine ultrastructure is imprinted onto the gel and preserved for microscopy," explains Danzl. Before imaging, the structures are expanded by adding water to the material. As a result, the gel elongates in size in every direction but maintains the relative spatial arrangements of the tissue's structures with extremely high fidelity.

For comparison, traditional light microscopes are classically limited in their resolving power to around 250-300 nanometers. While this is adequate to visualize larger cellular structures, it is insufficient to reconstruct the densely packed brain tissue. "The hydrogel expansion pulls features of the brain tissue so far apart that we can resolve them with a standard light microscope. This method enhances the effective resolution by 16 times, achieving a resolution better than 20 nm," Tavakoli explains.

Research at the intersection of disciplines

Neuroscience and chemistry were not the only fields that found their way into this project. Methods from computer science played a crucial part in the pipeline's development. This is because capturing microscopic images results in the collection of numerous data points. As such, the intricacy of the datasets reflects the brain's complexity.




Thus, manually interpreting and reconstructing all the neuronal structures on a sizable scale would be far too laborious. Therefore, Google Research's deep-learning techniques were trained to segment the individual cells in the tissue. "Automating the identification of neurons and their elaborate structures on a wider scale using artificial intelligence made the daunting task of reconstructing all the cellular components practically tractable," explains Viren Jain from Google Research. "The ability to concomitantly visualize specific molecules adds a new quality of information."

Julia Lyudchik, a PhD student and computer scientist in the Danzl group, played an instrumental role in interpreting the complex datasets. "Thanks to the exceptionally high resolution of the data, it was possible to automatically detect the synaptic connections between neurons and to transform raw brain imaging data into detailed connectivity maps. This is a complex image processing challenge," Lyudchik explains. "In addition, the methods had to be both efficient and scalable, given that even a small piece of brain tissue can contain tens of thousands of synaptic connections."

LICONN makes it possible to map the location of specific molecules onto the neuronal reconstructions, such as those involved in the transmission of signals between neurons at synapses. Lyudchik's artistic vein helped her create stunning 3D renderings of the brain network, as visualizations are powerful tools to make complex scientific data more accessible and interpretable.

Unlocking new details in the brain's architecture

By following this comprehensive pipeline, scientists can meticulously reconstruct brain tissue and visualize neuronal connections and networks. The interplay between experimentation and analysis across disciplines -- from imaging and experimentation at ISTA to Google Research's application of advanced deep learning technologies and the computational analysis at ISTA -- results in 3D visualizations of the brain's architecture at a new level of complexity. "LICONN brings us a step closer to assembling the puzzle pieces of the mammalian brain and better understanding its functioning both in health and disease," Danzl concludes.
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Birds form bonds that look a lot like friendship | ScienceDaily
The fact that humans who are not related by blood help each other repeatedly over time is demonstrably true -- think of the ongoing mutual support that sustains your longest-running friendships.


						
But the idea that such interactions occur in the animal kingdom has been difficult to prove.

A new study of African starlings led by Alexis Earl, a former PhD student in the lab of Professor Dustin Rubenstein, and colleagues, draws on data gathered over 20 years and proves exactly that: The starlings demonstrate "reciprocity," helping each other with the expectation that the favor will eventually be returned.

"Starling societies are not just simple families, they're much more complex, containing a mixture of related and unrelated individuals that live together, much in the way that humans do," Rubenstein said.

The fact that animals help their direct blood relatives, or kin, with the goal of boosting their genetic fitness and prolonging their genes, has long been known in the scientific community. Starlings do preferentially help their relatives, but many birds also help non-relatives. Earl and colleagues discovered that this non-relative helping occurs through the formation of these reciprocal helping relationships, which sometimes take place over many years.

Proving that this type of reciprocal behavior extends to animals other than direct relatives is difficult, though, since it requires large amounts of data gathered over long stretches of time. The new paper, published this week in the journal Nature, draws on 20 years of research that Rubenstein and his colleagues have conducted on African starlings living in the harsh climate of east African savannahs. From 2002 to 2021, the researchers studied thousands of interactions between hundreds of the birds, and collected DNA from individuals in the population to examine genetic relationships. By combining 40 breeding seasons' worth of behavioral and genetic data, the team could ask questions like: Did the birds preferentially help relatives? Did they help non-relatives even when relatives were available? And did they reciprocate help with specific individuals over the years?

Ultimately, the researchers found that helpers preferentially aided relatives, but also frequently and consistently helped specific non-relative birds, even when relatives were available to help. "Many of these birds are essentially forming friendships over time," Rubenstein said. "Our next step is to explore how these relationships form, how long they last, why some relationships stay robust, while others fall apart."

The data builds on decades of research collected by Rubenstein and his colleagues and students on how and why animals socialize. They have examined animal societies not just in birds, but also in a diversity of species around the globe, including snapping shrimp throughout the Caribbean, wasps in Africa, beetles in Asia, and mice and lizards in Australia.

"I think this kind of reciprocal helping behavior is likely going on in a lot of animal societies, and people just haven't studied them long enough to be able to detect it," Rubenstein said.
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Comb jellies reveal ancient origins of animal genome regulation | ScienceDaily
Life depends on genes being switched on and off at exactly the right time. Even the simplest living organisms do this, but usually over short distances across the DNA sequence, with the on/off switch typically right next to a gene. This basic form of genomic regulation is probably as old as life on Earth.


						
A new study published today in Nature by researchers at the Centre for Genomic Regulation (CRG) and the Centre Nacional d'Analisi Genomica (CNAG) finds that the ability to control genes from far away, over many tens of thousands of DNA letters, evolved between 650 and 700 million years ago. It probably appeared at the very dawn of animal evolution, around 150 million years earlier than previously thought.

Long-distance gene control, called distal regulation, relies on physically folding DNA and proteins into sophisticated loops. This allows regions far from a gene's starting point to activate its function. This extra layer of control likely helped the first multicellular animals build specialised cell types and tissues without inventing new genes.

The critical innovation likely originated in a sea creature, the common ancestor or all extant animals. The ancient animal evolved the ability to fold DNA in a controlled manner, creating loops in three-dimensional space that brought far-flung bits of DNA in direct contact with each other.

"This creature could repurpose its genetic toolkit in different ways like a Swiss knife, enabling it to refine and explore innovative survival strategies. We did not expect this layer of complexity to be so ancient," says Dr. Iana Kim, first author of the study and postdoctoral researcher with dual affiliation between the Centre for Genomic Regulation (CRG) and the Centre Nacional d'Analisis Genomica (CNAG).

The authors of the study made the discovery by exploring the genomes of many of the oldest branches on the animal family tree, including comb jellies like the 'sea walnut' (Mnemiopsis leidyi), placozoans, cnidarians, and sponges. They also studied single-celled relatives that are not animals but share a recent common ancestor.

"You can discover a lot of new biology by looking at weird sea creatures. So far, we had been comparing genome sequences, but thanks to new methods we can now analyse which gene regulation mechanisms control genome function across species," explains ICREA Research Professor Arnau Sebe-Pedros, corresponding author of the study and Group Leader at the Centre for Genomic Regulation.




The team used a technique called Micro-C to map how DNA physically folds inside the cells of each of the 11 different species they studied. For scale, each human cell nucleus packs about two metres of DNA. The researchers sifted through 10 billion pieces of sequencing data to build each species' 3D genome map in detail.

While there was no evidence of distal regulation in the single-celled relatives of animals, early-branching animals like comb jellies, placozoans and cnidarians had many loops. The sea walnut alone had over four thousand loops genome-wide. The finding is surprising given its genome is around just 200 million DNA letters long. In comparison, the human genome is 3.1 billion letters long and our cells can have tens of thousands of loops.

Until now, distal regulation was thought to have first appeared in the last common ancestor of bilaterians, a group of many different types of animals which first appeared on Earth around 500 million years ago. However, comb jellies are descended from life forms which diverged early from other animal lineages around 650 to 700 million years ago.

Whether comb jellies are older than sponges in the tree of life is a longstanding debate in evolutionary biology circles, but the study demonstrates that distal regulation arose at least one hundred and fifty million years earlier than previously thought.

The study made another surprising discovery. Many animals are vertebrates. In their cells, loops are controlled by CTCF, an architectural protein which defines boundaries and compartmentalises genes into different local neighbourhoods. It is a foundational unit of genomic architecture in mammals, birds, reptiles, amphibians, and fish. However, the genomes of the early-branching animals do not encode any equivalent protein to CTCF. Instead, the authors discovered that comb jellies use a different architectural protein belonging to the same structural family. The discovery shatters the assumption that advanced genomic, distal regulation require CTCF.

"It is impressive that the same problem has been solved using different tools. Thanks to this work, we now know that you can use two different proteins to bring distal DNA pices together in space forming a loop. Isn't evolution marvellous?" says ICREA Research Professor Marc A. Marti-Renom, Group Leader at the Centre Nacional d'Analisi Genomic and the Centre for Genomic Regulation.

Like sponges and comb jellies, humans are also made of the same building blocks of DNA. Today, our bodies rely on the ancient innovation of distal regulation to help create different types of cells from the same DNA, producing everything from brain cells to immune cells. When these contacts go wrong, diseases can arise.

By tracing distal regulation to animals that lived many hundreds of million years ago, researchers can begin to piece together how the earliest versions of genomic regulation took shape, providing new clues about the fundamental principles that govern our cells and bodies today. This can help us understand where the system is robust and where it's prone to failure, potentially guiding new medical insights or therapies.

This work was led by the Centre for Genomic Regulation (CRG), in collaboration with Marc A. Marti Renom's Group at the Centre Nacional d'Analisis Genomica, the University of Bergen, Queen Mary University of London, the Prefectural University of Hiroshima, and the University of Alberta. It was funded by an ERC Starting Grant (European Research Council) from the European Union.
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Climate change: Future of today's young people | ScienceDaily
Research led by climate scientists from the Vrije Universiteit Brussel (VUB) reveals that millions of today's young people will live through unprecedented lifetime exposure to heatwaves, crop failures, river floods, droughts, wildfires and tropical storms under current climate policies. If global temperatures rise by 3.5degC by 2100, 92% of children born in 2020 will experience unprecedented heatwave exposure over their lifetime, affecting 111 million children. Meeting the Paris Agreement's 1.5degC target could protect 49 million children from this risk.


						
This is only for one birth year; when instead taking into account all children who are between 5 and 18 years old today, this adds up to 1.5 billion children affected under a 3.5degC scenario, and with 654 million children that can be protected by remaining under the 1.5degC threshold. The study also highlights that children with high socioeconomic vulnerability face an even greater likelihood of unprecedented exposure to climate extremes in their lifetime. Deep cuts in greenhouse gas emissions are urgently needed to safeguard the lives of children all around the world.

Climate change's disproportionate burden on youth 

Climate extremes, including heatwaves, crop failures, river floods, tropical cyclones, wildfires and droughts, will intensify with continued atmospheric warming. Today's children will endure more climate extremes then any previous generation.

"In 2021, we demonstrated how children are to face disproportionate increases in extreme event exposure -- especially in low-income countries. Now, we examined where the cumulative exposure to climate extremes across one's lifetime will far exceed that which would have been experienced in a pre-industrial climate" says Wim Thiery, professor of climate science at VUB and senior author of the study.

"In this new study, living an unprecedented life means that without climate change, one would have less than a 1-in-10,000 chance of experiencing that many climate extremes across one's lifetime" says Dr. Luke Grant, lead author and climate scientist at the VUB and Environment and Climate Change Canada (ECCC). "This is a stringent threshold that identifies populations facing climate extremes far beyond what could be expected without man-made climate change." The threshold varies by location and type of climate extreme.

By combining demographic data and climate model projections of climate extremes for each location on earth, the researchers calculated the percentage of each generation born between 1960 and 2020 who will face unprecedented exposure to climate extremes in their lifetime.




Generational impact of climate change 

The younger a person is, the higher their likelihood of unprecedented exposure to climate extremes. Even if we successfully limit global warming to 1.5degC, 52% of children born in 2020 will face unprecedented heatwave exposure, compared to only 16% of those born in 1960. For heatwaves, the effect is particularly pronounced for those born after 1980, when climate change scenarios increasingly dictate exposure levels.

"By stabilizing our climate around 1.5 degC above pre-industrial temperatures, about half of today's young people will be exposed to an unprecedented number of heatwaves in their lifetime. Under a 3.5 degC scenario, over 90% will endure such exposure throughout their lives," warns Grant. "The same picture emerges for other climate extremes examined, though with slightly lower affected fractions of the population. Yet the same unfair generational differences in unprecedented exposure is observed." Children in tropical countries will bear the worst burden under a 1.5 degC scenario. However, under high-emission scenarios, nearly all children worldwide face the prospect of living an unprecedented life (see Figure 2).

Climate vulnerability and social injustice 

The study also highlights the social injustice of climate change and its impacts. Under current climate policies, the most socioeconomically vulnerable children born in 2020 will almost all (95%) endure unprecedented exposure to heatwaves in their lifetime, compared to 78% for the least vulnerable group. "Precisely the most vulnerable children experience the worst escalation of climate extremes. With limited resources and adaptation options, they face disproportionate risks," says Thiery.

Urgent Need for Global Climate Action 

Ahead of COP30 in Brazil, nations must submit updated climate commitments. Under current policies, global warming would reach around 2.7 degC this century. This study and the related Save The Children report emphasize the urgency of keeping global warming below 1.5 degC for the children of today and tomorrow.




Inger Ashing, CEO of Save the Children International, said: "Across the world, children are forced to bear the brunt of a crisis they are not responsible for. Dangerous heat that puts their health and learning at risk; cyclones that batter their homes and schools; creeping droughts that shrivel up crops and shrink what's on their plates. Amid this daily drumbeat of disasters, children plead with us not to switch off. This new research shows there is still hope, but only if we act urgently and ambitiously to rapidly limit warming temperatures to 1.5 degC, and truly put children front and centre of our response to climate change."

"With global emissions still rising and the planet only 0.2 degC away from the 1.5 degC threshold, world leaders must step up to reduce greenhouse gas emissions and lessen the climate burden on today's youth," concludes Thiery.

The study was accomplished by researchers from Vrije Universiteit Brussel (VUB), Environment and Climate Change Canada, KU Leuven, the Royal Meteorological Institute of Belgium (RMI), and ETH Zurich.

Supplementary information 

The numbers reported in our new study focus on one single birth cohort: children born in 2020, who are today's five year olds. Climate extremes will affect all generations, with children the most. We are providing therefore here below numbers that take into account all children who are between 5 and 18 years old today, which represents a total population of 1.69 billion children.

Heatwaves 

Under a 1.5 degC pathway, 855 million children aged 5-18 in 2025 face unprecedented lifetime exposure to heatwaves.

Under a 2.7 degC pathway, 1353 million children aged 5-18 in 2025 face unprecedented lifetime exposure to heatwaves.

Under a 3.5 degC pathway, 1509 million children aged 5-18 in 2025 face unprecedented lifetime exposure to heatwaves.

Crop failures 

Under a 1.5 degC pathway, 316 million children aged 5-18 in 2025 face unprecedented lifetime exposure to crop failures.

Under a 2.7 degC pathway, 400 million children aged 5-18 in 2025 face unprecedented lifetime exposure to crop failures.

Under a 3.5 degC pathway, 431 million children aged 5-18 in 2025 face unprecedented lifetime exposure to crop failures.

Wildfires 

Under a 1.5 degC pathway, 119 million children aged 5-18 in 2025 face unprecedented lifetime exposure to wildfires.

Under a 2.7 degC pathway, 134 million children aged 5-18 in 2025 face unprecedented lifetime exposure to wildfires.

Under a 3.5 degC pathway, 147 million children aged 5-18 in 2025 face unprecedented lifetime exposure to wildfires.

Droughts 

Under a 1.5 degC pathway, 89 million children aged 5-18 in 2025 face unprecedented lifetime exposure to droughts.

Under a 2.7 degC pathway, 111 million children aged 5-18 in 2025 face unprecedented lifetime exposure to droughts.

Under a 3.5 degC pathway, 116 million children aged 5-18 in 2025 face unprecedented lifetime exposure to droughts.

River floods 

Under a 1.5 degC pathway, 132 million children aged 5-18 in 2025 face unprecedented lifetime exposure to river floods.

Under a 2.7 degC pathway, 188 million children aged 5-18 in 2025 face unprecedented lifetime exposure to river floods.

Under a 3.5 degC pathway, 191 million children aged 5-18 in 2025 face unprecedented lifetime exposure to river floods.

Tropical cyclones 

Under a 1.5 degC pathway, 101 million children aged 5-18 in 2025 face unprecedented lifetime exposure to tropical cyclones.

Under a 2.7 degC pathway, 163 million children aged 5-18 in 2025 face unprecedented lifetime exposure to tropical cyclones.

Under a 3.5 degC pathway, 163 million children aged 5-18 in 2025 face unprecedented lifetime exposure to tropical cyclones.
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Teens driving older vehicles have increased risk for fatal crashes | ScienceDaily
Motor vehicle crashes are the leading cause of death for U.S. teens. Newer vehicles and driver assistance technologies show promise in reducing crashes and injury severities. Researchers at Nationwide Children's Hospital reviewed national fatal crash data (2016-2021) and examined the vehicle age and driver assistance technologies of vehicles driven by teen and middle-aged drivers, and their associations with driver deaths during fatal crashes.


						
In a study published today in JAMA Network Open, researchers found that driving vehicles 6-15 years old had a 19% greater risk of driver death in fatal crashes, and driving vehicles older than 15 years had a 31% greater risk, both compared to driving vehicles 5 years old or newer, regardless of driver age. Additionally, each driver assistance technology already present in vehicles was associated with a 6% reduction in the risk of driver death in fatal crashes.

"Because every family wants their teen to arrive anywhere safely, teen driver fatalities are a serious public health concern," said Jingzhen Ginger Yang, PhD, MPH, lead author of the study and principal investigator in the Center for Injury Research and Policy of the Abigail Wexner Research Institute at Nationwide Children's. "Given teen drivers' high crash rates compared to other age groups and their increasing involvement in fatal crashes, it is crucial for teen drivers to operate the safest vehicles available."

The study found that teen drivers (15-18 years) were more likely than middle-aged drivers (31-55 years) to drive vehicles older than 15 years and vehicles with fewer driver assistance technologies at the time of fatal crashes. Older vehicles and vehicles with fewer driver assistance technologies were associated with a higher risk of death for drivers involved in fatal crashes, regardless of driver age.

"Our findings, along with those from other studies, underscore the importance of safe vehicle strategies, education for families and ensuring teens drive safer cars whenever possible," said Fangda Zhang, PhD, research scientist in the Center for Injury Research and Policy at Nationwide Children's and co-lead author of the study. "Parents commonly pass their old vehicles to their teens who are still learning basic driving skills. While it is an exciting milestone for families with new drivers, this practice increases teens' vulnerability to vehicle malfunctions, making their driving less safe."

Because parents and caregivers often control what vehicles their teens drive, their choices significantly impact the driving safety of their teens and other road users. Families should be advised to prioritize safety features when choosing the first car for teens, ensuring it is newer and safer, given the increased involvement of teen drivers in motor vehicle crashes and motor vehicle crash-related fatalities.

Based on the study findings, study authors propose several recommendations:
    	Vehicle Safety: Teens should drive the safest vehicles available.            	Pediatricians and other health care providers should advise parents to prioritize safety features when choosing the first car for their teens and avoid vehicles older than 15 years, especially during the initial months of unsupervised driving, which is the highest crash risk period for teen drivers.
        	Parents can refer to the Insurance Institute for Highway Safety (IIHS) for a list of affordable, safe vehicles for teens. If a newer vehicle is not an option, more frequent maintenance should be encouraged to improve the vehicle's safety.
    
    
    	Newer Technologies: Pediatricians and other health care providers should educate families about the benefits of newer vehicle technologies, such as crash avoidance features, lane assistance technology, and teen-specific technologies, which can significantly reduce crashes and related injuries. Families should choose vehicles with more driver assistance technologies for teens whenever possible.
    	Safe Driving Habits: Pediatricians and other health care providers should address other aspects of teen driving safety beyond vehicle selection. They should educate parents and teens about the danger of risky driving behaviors and promote safe driving habits, such as seat belt use, safe nighttime driving, limiting teen passengers, avoiding distractions and following state Graduated Driver Licensing requirements.

Data for this study were obtained from Fatality Analysis Reporting System (FARS), a comprehensive crash database widely recognized in traffic safety research for its detailed information on drivers, vehicles, and crash environments involved in US fatal crashes.
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A new class of molecules against cancer cells refractory to standard treatments | ScienceDaily
Current anticancer treatments essentially target the primary tumour cells that proliferate quickly, but do not effectively eliminate specific cancer cells able to adapt to existing treatments and which exhibit high metastatic potential1. Yet metastases are responsible for 70% of cancer deaths.


						
A French research team from Institut Curie, the CNRS and Inserm has just developed a new class of small molecules that bring about the destruction of cell membranes, and hence triggers cell death. Led by scientists at the Laboratory of Biomedicine (Institut Curie/CNRS/Inserm)2, this study is based on the remarkable properties of what are known as drug-tolerant persister cancer cells, with high metastatic potential. The latter express a large quantity of the protein CD44 at their surface, allowing them to internalise more iron, making them more aggressive and able to adapt to standard treatments. These cells are consequently more sensitive to ferroptosis, a cell death process catalysed by iron, which causes oxidation and the degradation of membrane lipids.

Thanks to innovative chemistry developed by the team led by Raphael Rodriguez, researchers showed that the cell death initiated by iron in lysosomes3 can alter the structure of intracellular membrane compartments. In the lysosomal compartment, iron can react with hydrogen peroxide, generating oxygen-centred radicals, highly-reactive chemical entities that damage cell membranes. This reaction then propagates in the cell forming lipid peroxides in the membranes of other cellular organelles, ultimately causing cell death. Ferroptosis thus results from the cell's failure to repair the membrane damage.

Using these initial discoveries, the scientists successfully conceived and synthesised a new class of small molecules that can activate ferroptosis: phospholipid degraders. The molecules possess one fragment that allows them to target the cell membrane (plasma membrane) -- and to then accumulate in lysosomes via endocytosis -- as well as another part that binds to and increases the reactivity of iron, which is abundant in this compartment of pro-metastatic cancer cells, thereby triggering ferroptosis. The molecule fentomycin (Fento-1) was designed to be fluorescent, allowing scientists to visualise it in the cell using high-resolution microscopy, as well as to confirm its localisation in lysosomes.

After the administration of Fento-1, the researchers observed a significant reduction in tumor growth in pre-clinical models for metastatic breast cancer, in addition to a pronounced cytotoxic effect on biopsies of pancreatic cancer and sarcoma patients, thereby confirming the treatment's effectiveness at the pre-clinical level4 for these cancers, for which the effectiveness of standard chemotherapy is limited.

Clinical tests are needed to show that this ability to induce ferroptosis could serve as a therapeutic avenue that complements current chemotherapy in the fight against cancer, especially by targeting cancer cells that are pro-metastatic and refractory to standard treatments.

This research notably received support from the Ligue contre le cancer (3 Equipe Labellisees), the Horizon 2020 Research and Innovation Programme of the European Union (ERC), the Fondation pour la recherche medicale, the Fondation Charles Defforey-Institut de France, the Klaus Grohe Foundation, l'Institut national du cancer, the Ile-de-France Region, the ANR, the Fondation Bettencourt Schueller, the CNRS, Institut Curie, and Inserm.

1 -- Tumour cells that detach from their site of origin and migrate toward other parts of the body, forming new tumours known as metastases. This ability to spread is a characteristic of advanced cancers.




2 -- This research primarily involved scientists from the Laboratory of Biomedicine (Institut Curie/CNRS/Inserm/PSL Research University), the Cancer Research Center of Marseille (Aix-Marseille Universite/CNRS/Inserm/Institut Paoli Calmette), the APHP (Hopital Paul-Brousse), the Institute of Molecular Chemistry and Materials of Orsay (CNRS/Universite Paris-Saclay), Harvard T.H. Chan School of Public Health, Helmholtz Zentrum Munchen, Julius-Maximilians-Universitat Wurzburg,, Columbia University and the University of Ottawa.

3 -- Lysosomes are the organelles responsible for the degradation of cell debris, biological macromolecules, foreign particles (bacteria, viruses, and parasites), and damaged intracellular organelles.

4 -- Pre-clinical tests on animals showed a significant decrease in tumour volume after the lymphatic injection of Fento-1, with tolerance to treatment.
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Neuroscientists pinpoint where (and how) brain circuits are reshaped as we learn new movements | ScienceDaily
A landmark study published by scientists at the University of California San Diego is redefining science's understanding of the way learning takes place. The findings, published in the journal Nature and supported by the National Institutes of Health and U.S. National Science Foundation, provide novel insights on how brain wiring changes during learning periods, offering a path to new therapies and technologies that aid neurological disorders.


						
For many years, neuroscientists have isolated the brain's primary motor cortex (M1), an area in the frontal lobe region, as a hub for sending out signals related to complex movements during episodes of learning. More recently, the motor thalamus, located in the center of the brain, has been implicated as an area that influences M1 during motor learning functions.

But even with such advancements, evidence was lacking on how this learning process unfolds, mainly due to the complex nature of monitoring the interactions of cells across brain areas.

A research team led by Professor Takaki Komiyama's laboratory used powerful neurobiological research techniques to describe these mechanisms in mice for the first time. Using high-tech imaging and a novel data analysis method, the researchers identified the thalamocortical pathway, a communication bridge between the thalamus and the cortex, as the key area that is modified during learning.

Beyond identifying the main pathway, the researchers found that links between regions physically change during learning. Motor learning does much more than adjust activity levels, it sculpts the circuit's wiring, refining the conversation between the thalamus and cortex at a cellular level.

"Our findings show that learning goes beyond local changes -- it reshapes the communication between brain regions, making it faster, stronger and more precise," said Assaf Ramot, the study's lead author and a postdoctoral scholar in the Komiyama Lab. "Learning doesn't just change what the brain does -- it changes how the brain is wired to do it."

The study, during which mice learned specific movements, revealed that learning causes a focused reorganization of the thalamus and cortex interaction. During times of learning, the thalamus was found to activate M1 neurons to encode the learned movement and to halt the activation of neurons not involved with the movement being learned.




"During learning, these parallel and precise changes are generated by the thalamus activating a specific subset of M1 neurons, which then activate other M1 neurons to generate a learned activity pattern," said Komiyama, a professor in the Departments of Neurobiology (School of Biological Sciences) and Neurosciences (School of Medicine), with appointments in the Halicioglu Data Science Institute (School of Computing, Information and Data Sciences) and Kavli Institute for Brain and Mind.

To bring the activity of specific neurons into focus -- a key insight of the study -- the researchers developed a novel analytical method called ShaReD (Shared Representation Discovery) with Neurobiology Assistant Professor Marcus Benna and graduate student Felix Taschbach, study coauthors.

According to Taschbach, who spearheaded development of the data analysis procedure, identifying behaviors that are commonly encoded across different subjects presents a significant challenge because behaviors and their neural representations can vary substantially between animals. To address this issue, the researchers developed ShaReD, which identifies a single shared behavioral representation that correlates with neural activity across different subjects, allowing them to map subtle behavioral features to the activity of different neurons in each animal.

Existing methods typically enforce artificial alignment to reduce individual variability -- similar to requiring everyone to follow exactly the same route to a destination. In contrast, ShaReD functions more like identifying which landmarks consistently help travelers navigate, regardless of their specific route choices. The ShaReD method was critical to the study's findings.

"This new method allows us to combine data from multiple experiments to make detailed discoveries that would not have been possible using only the limited number of relevant neurons recorded in an individual brain," said Benna, a computational neuroscientist and co-corresponding author of this study.

The new study is the second recently led by the Komiyama lab that illuminates how our brains learn. In April, William Wright, Nathan Hedrick and Komiyama published a study in Science that describes the multiple rules that neurons follow during episodes of learning, with synapses in different regions following different rules.

With the Nature study's findings, the researchers further science's understanding of the learning process with a new comprehensive model of how the neural circuits underlying learned movements emerge during learning. The new information also offers hope for those who suffer from neurological disorders.

"The study shows that learning isn't just repetition," said Ramot. "It's about your brain literally rewiring itself in a targeted way. Whether you're learning a new skill, recovering from a stroke or using a neuroprosthetic, understanding how brain regions reorganize their communication helps us design better therapies and technologies that work with the brain's natural learning mechanisms."

The paper is dedicated to the memory of An Wu, an assistant project scientist in Komiyama's lab who tragically died in a 2023 Montreal building fire. She is remembered as a brilliant neuroscientist who elevated the many lives she touched.
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Researchers restore antibiotic effect in the event of resistance | ScienceDaily
Bacterial resistance negates the effect of antibiotics in the treatment of infection. Using mouse models, researchers now show that if antibiotics are administered with an enzyme called endolysin, the combined effect protects against infection by resistant bacteria in all bodily organs -- including the brain, which antibiotics alone have difficulty reaching. The results are reported in the journal Molecular Medicine.


						
The World Health Organization has identified antibiotic resistant bacteria as a global health risk. Two important classes of antibiotic are beta-lactams (e.g. penicillin) and macrolides (e.g. erythromycin), which are used to treat life-threatening infections such as meningitis. The fact that the bacteria that cause the disease are becoming resistant is a grave concern, as the patients who have the disease -- and survive -- risk permanent brain and neurological damage.

"There are two main problems in meningitis -- the difficulty antibiotics have crossing the blood-brain barrier and the increase in resistant bacteria," says principal investigator Federico Iovino, associate professor and research group leader at the Department of Neuroscience, Karolinska Institutet. "Our results show that with the supplementation of endolysins, we can restore the effectiveness of antibiotics, even when the bacteria are resistant."

Protected human cells

The protein endolysin is an enzyme derived from a virus called bacteriophage, which kills bacteria by breaking down the bacterial cell. In veterinary medicine, endolysins have been proven effective against udder infections.

In the laboratory, the researchers found that an endolysin called cpl-1 protects human cells from blood and cerebrospinal fluid when exposed to Streptococcus pneumoniae (the pneumococcus), resistant to penicillin or erythromycin. These pneumococci are the primary cause of meningitis globally. Researchers have successfully experimented endolysin combined with penicillin or erythromycin.

"The combination protected nerve cells from infection by resistant pneumococcal strains which have affected patients and which we have been obtained from Swedish hospitals," says the study's first author Niels Vander Elst, postdoctoral researcher in Federico Iovino's group. "This was a significant result, as these are the very bacteria that cause meningitis."

Quickly enters the brain




The researchers then used an animal model for meningitis in which mice were infected with penicillin-resistant pneumococci. While endolysin alone protected against infection, penicillin alone did not. When the mice received a combination of antibiotic and endolysin, they were protected against disease and the antibiotic recovered its effectiveness.

"It takes time for antibiotics to get past the blood-brain barrier, upwards of several days, but endolysin can enter the brain very quickly within a few hours," says Dr Iovino. "Its speed is a unique property that's important since brain neurons start to get damaged as soon as the bacteria are present. It also has another important advantage -- it doesn't give the bacteria time to develop resistance."

Tests on other resistant bacteria to come

Federico Iovino's group now intend to study the effectiveness of endolysin with other types of resistant bacteria in order that it can be used as a powerful weapon against the resistant bacteria that cause serious diseases, not least meningitis.

"For the first time, we've shown that endolysin is effective against the bacteria that cause meningitis," says Dr Iovino. "Our data also bridge earlier gaps in our knowledge by showing that they can pass through the blood-brain barrier and help antibiotics to recover their effectiveness against resistance."

The study was financed by the Swedish Research Council, HRH Crown Princess Lovisa's Association for Paediatric Care, the Magnus Bergvall Foundation, the Ahlen Foundation, the Silent School Foundation, the Wera Ekstrom Fund for Paediatric Research and the Gun and Bertil Stohne Foundation.

Niels Vander Elst has patent applications pending for the endolysin technique.
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Cracking the code: Deciphering how concrete can heal itself | ScienceDaily
Imagine concrete healing its own cracks like human skin recovering from a cut. That's the vision behind the latest research of Dr. Congrui Grace Jin, published in Materials Today Communications. 


						
Addressing one of the most persistent and expensive problems in construction, Jin, an assistant professor in the Department of Engineering Technology and Industrial Distribution, has taken inspiration from nature to develop a synthetic lichen system to enable concrete to self-repair.

Concrete is the most widely used building material on Earth, yet it suffers from the dangerous flaw of cracking easily. These cracks, big or small, can lead to catastrophic structural failure, as witnessed in the collapse of a building, bridge or highway.

The key to overcoming this critical challenge lies in understanding how concrete forms and how to exploit that process. Concrete is made by mixing crushed stone and sand with powdered clay and limestone. When water is added, the combination hardens through a chemical reaction called hydration. Once set, it becomes strong enough to support everything from 18-wheelers crossing bridges to people living in towering skyscrapers. However, natural forces like freeze-thaw cycles, drying shrinkage and heavy loads cause cracks. Even those barely visible to the naked eye can allow liquids and gasses to reach embedded steel reinforcements, causing corrosion and weakening structures.

Discovering cracks before they endanger lives is a high-stakes and costly challenge, with the U.S. annually spending tens of billions of dollars repairing concrete infrastructure. Locating cracks in bridges and highways that are constantly in use is especially difficult.

"Microbe-mediated self-healing concrete has been extensively investigated for more than three decades," says Jin, "but it still suffers from one important limitation -- none of the current self-healing approaches are fully autonomous since they require an external supply of nutrients for the healing agents to continuously produce repair materials." For example, after inspectors go through the laborious process of locating a crack, they may then have to inject or spray nutrients into the crack, which is not practical.

Jin's solution? Harness the power of lichen systems to allow concrete to heal itself without outside intervention.




Lichen is an understated presence in our everyday world, often found clinging to trees and rocks. Its true beauty lies in its unique symbiotic system of fungi and algae, or cyanobacteria, that form a self-sustaining partnership, allowing it to thrive in even the harshest conditions.

With that inspiration, Jin and her researchers, Dr. Richard Wilson, Nisha Rokaya and Erin Carr of the University of Nebraska-Lincoln, with funding by the Young Faculty Award program of DARPA, created a synthetic lichen system that collaborates like natural lichens.

Their system uses cyanobacteria, which turns air and sunlight into food, and filamentous fungi, which produces minerals that seal the cracks. Working together, these microbes survive on nothing more than air, light and water. The autonomy of this system sets it apart from previous self-healing concrete endeavors.

In lab tests, these microbe pairs were able to grow and produce crack-filling minerals even in challenging environments such as concrete.

Jin takes her work beyond the lab to consider wider implications. She is collaborating with professors from Texas A&M University's social science departments to develop a better understanding of the public's perception about using living organisms in construction and the ethical, social, environmental and legal issues involved.

This groundbreaking research has far-reaching potential and applications.

Concrete that can heal itself could significantly reduce maintenance costs, extend its longevity and even protect lives through increased safety. It can also have a dramatic impact in all areas of sustainable construction, including space infrastructure.
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A healthy diet in childhood is linked to starting menstrual periods later, regardless of BMI or height | ScienceDaily
Eating a healthy diet as a child is linked to girls having their first menstrual period at an older age than those who consumed a less healthy diet, according to a new study published today (Wednesday) in Human Reproduction.


						
The findings remained unaltered by the girls' body mass index (BMI) or height, both of which have been associated with the earlier onset of periods.

The study has implications for health in later life as it is well known that women who started their periods at an early age may be at higher risk for diabetes, obesity, breast cancer and diseases of the heart and blood vessels.

Holly Harris, MPH, ScD, an associate professor at the Fred Hutchinson Cancer Center in Seattle, Washington, USA, who led the study, said: "I think our findings highlight the need for all children and adolescents to have access to healthy meal options, and the importance of school-based breakfasts and lunches being based on evidence-based guidelines."

The findings come from a large, prospective study of more than 7,500 children, aged between 9 and 14, who were enrolled in the Growing Up Today Study (GUTS) in the USA in two waves in 1996 and 2004. The researchers followed them through to 2001 and 2008, respectively.

For the first time, the researchers investigated the link between particular diets and the age that periods first started (menarche). They are also the first to examine whether BMI might have a modifying effect on the association between diet and age of menarche. Previous studies have only looked at BMI as something that needs to be considered when analysing results (a confounding factor).

Prof. Harris said: "In previous work that we had conducted in the Nurses' Health Study II, an ongoing prospective cohort, we observed a higher risk of breast cancer among people who consumed an inflammatory-promoting diet during adolescence and early adulthood. Following these results we were interested in understanding whether earlier life dietary intake might influence breast cancer through impact on risk factors for breast cancer that occur between early life and breast cancer, such as age at menarche. This led to the current study where we examined the impact of dietary patterns on age at menarche."

Before their periods started, the children completed questionnaires about their diet when they joined the study and then every one to three years thereafter. They also reported their age when their first period started.




The researchers assessed the girls' diets against two established dietary patterns: the Alternative Healthy Eating Index (AHEI), and the Empirical Dietary Inflammatory Pattern (EDIP). The AHEI awards more points for healthier foods, including vegetables, legumes and whole grains, while unhealthy foods such as red and processed meats, trans fats and salt are awarded fewer points. The EDIP scores diets in a way that reflects their overall potential for causing inflammation in the body. Foods that are linked to greater inflammation include red and processed meat, meat from animal organs, refined grains and high-energy drinks.

A total of 6,992 girls (93% of the whole group) had their first period during the study. Analysis of data from the questionnaires showed that the 20% of girls with the highest AHEI score and who, therefore, had the healthiest diets, were eight percent less likely to have their first period within the next month compared to the 20% of girls who had the lowest AHEI score. The 20% percent of participants with the highest EDIP score, which meant they had the most inflammatory diet, were 15% more likely to have their first period in the next month compared to the 20% who had the lowest EDIP score.

Prof. Harris said: "We observed that these two dietary patterns were associated with age at menarche, indicating that a healthier diet was linked to menstrual periods starting at an older age. Importantly, these results were independent of BMI and height, demonstrating the importance of a healthy diet regardless of body size. As earlier age at menarche is associated with multiple later life outcomes, including higher risk of diabetes, obesity, cardiovascular disease and breast cancer, this may be an important period for trying to reduce the risk of these chronic diseases."

The researchers believe that these results suggest the type of food eaten by girls during childhood and adolescence and its impact on inflammation may be what is influencing the time of menarche, rather than height and BMI.

"As this is the first study to look at these specific dietary patterns it is important to examine the association in other populations. It also highlights that eating a healthy diet, which we know is associated with chronic disease outcomes in later life, could also have benefits in adolescence. Generally, eating fruits, vegetables, whole grains, fatty fish, nuts and legumes, polyunsaturated fatty acids, while limiting intake of red and processed meats, refined grains, sugar-sweetened beverages and added salt, benefits everyone regardless of age," said Prof. Harris.

The researchers now plan to look at childhood and adolescence dietary patterns and body size to see how they may relate to characteristics of menstrual cycles in adulthood.

Strengths of the study include that it collected data on diet in a prospective manner, and it was able to see whether or not BMI and height influenced the association with age at menarche. Limitations include information on diet, weight, height and age at menarche was collected via questionnaires and may be subject to error; the researchers were not able to adjust directly for body fat, as measured by dual-energy X-ray absorptiometry; and the participants were predominately white and so the researchers were not able to see if results varied by race.
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More social parrots have a better vocabulary | ScienceDaily
In the urban parks of Barcelona, Spain, the calls of a tropical parrot fill the air. The bright green monk parakeet, native to South America, has found a new home in European cities. Monk parakeets thrive in huge colonies where they communicate with each other using many distinct sounds -- offering scientists a unique window into understanding the interplay of individual social relationships with vocal variety.


						
For social animals, communication is a key that unlocks the benefits of group living. It's well known that animals with more complex social lives tend to have more intricate ways of communicating, from the clicks and whistles of dolphins to the calls of primates. While this pattern is found broadly in many species, a new study on wild parrots drills deep into the social and vocal lives of individual birds. Researchers at the Max Planck Institute of Animal Behavior (MPI-AB) analyzing the social networks of monk parakeets in Spain have uncovered how an individual's social ties shapes the calls these birds make.

The MPI-AB scientists spent several months over the course of two years closely observing 337 monk parakeets, documenting their social lives as well as recording all their screeches, squawks, and whistles, which totaled 5,599 vocalizations. The team examined these calls in terms of repertoire diversity (how many different sounds a bird can make) and contact-call diversity (how much this specific type of call differs). They also mapped out the birds' social networks, analyzing everything from how often they interacted with others to the strength of their relationships.

Based on this data, the team could conclude that individual parakeets living in larger groups did indeed produce a more variable repertoire of sounds. They also found that female parakeets had a more diverse repertoire than males, which is unusual for birds, they say.

"This research is a really important first step," says Simeon Smeele, the first author of the study. "It really looks like there are some call types that are used uniquely in social situations. And it's really interesting to see that females appear to produce more of these, suggesting they are the more social sex."

Social network analysis showed that parakeets with more central positions in the social structure -- those that were potentially more influential in the group -- tended to have more diverse vocal repertoires. In other words, the most social individuals seemed to have a better vocabulary than less social individuals.

"What I find really exciting is that we were able to link what individuals say to very specific levels of sociality," says Smeele, who conducted the study as a doctoral student at MPI-AB. "For example, close friends that allowed each other to approach within pecking distance sounded less like each other, as if they were trying to sound unique in their little gang."

The results offer clues about the evolution of complex communication including human language. Previous research has demonstrated that sociality is linked to a more diverse repertoire in species ranging from Carolina chickadees to marmosets. This study goes further by showing how vocal communication is shaped by the web of an individual's social network.

Says Smeele: "The next big step is to better understand what each of the sounds mean, a real mammoth task, since most of the social squawking happens in large groups with many individuals talking at the same time!"
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T. rex's direct ancestor crossed from Asia to North America | ScienceDaily

The study, published in Royal Society Open Science, also found that the rapid growth in size of tyrannosaurids (the group that included the T. rex) as well as a closely related group called megaraptors coincided with a cooling of the global climate following a peak in temperatures 92 million years ago.

This suggests T. rex and its cousins might have been better suited to cooler climates than other dinosaur groups at the time, perhaps due to having feathers or a more warm-blooded physiology.

The international team involved researchers from the universities of Oxford, Pittsburgh, Aberdeen, Arizona, Anglia Ruskin, Oklahoma and Wyoming.

Lead author Cassius Morrison, a PhD student at UCL Earth Sciences, said: "The geographic origin of T. rex is the subject of fierce debate. Palaeontologists have been divided over whether its ancestor came from Asia or North America.

"Our modelling suggests the 'grandparents' of T. rex likely came to North America from Asia, crossing the Bering Strait between what is now Siberia and Alaska.

"This is in line with past research finding that the T. rex was more closely related to Asian cousins such as the Tarbosaurus than to North American relatives such as Daspletosaurus.




"Dozens of T. rex fossils have been unearthed in North America but our findings indicate that the fossils of T. rex's direct ancestor may lie undiscovered still in Asia."

The research team concluded that T rex. itself evolved in North America, specifically in Laramidia, the western half of the continent, where it was widely distributed.

They disagreed with conclusions published last year that a T. rex relative, Tyrannosaurus mcraeensis, found in New Mexico, predated T. rex by three to five million years -- a finding that pointed to T. rex having North American ancestry. The team argued that this T. mcraeensis fossil was not reliably dated.

For the new study, the researchers explored how tyrannosaurids and their cousins the megaraptors moved around the globe. They used mathematical models drawing on fossils, dinosaurs' evolutionary trees and the geography and climate of the time. Importantly, the models account for gaps in the fossil record, incorporating uncertainty into the calculations.

Megaraptors are regarded as the most mysterious of the large, meat-eating dinosaurs, as few megaraptor fossils have been found. In contrast to the T. rex, they evolved slender heads and arms as long as a person is tall, with claws up to 35cm (14in) long.

The researchers concluded that megaraptors were more widely distributed across the globe than previously thought, likely originating in Asia about 120 million years ago and spreading to Europe and then throughout the large southern landmass of Gondwana (including present-day Africa, South America and Antarctica).




This would mean megaraptors lived in parts of the world (Europe and Africa) where no megaraptor fossils have been found so far.

It may be that they evolved differently from their tyrannosaurid cousins, with killing claws rather than a powerful bite, because they hunted different prey. In southern Gondwana, they may have preyed on (juvenile) sauropods, whereas T. rex hunted Laramidian species such as Triceratops, Edmontosaurus and Ankylosaurus. 

Both tyrannosaurids and megaraptors grew to gigantic sizes at broadly the same time, as the climate cooled following a peak in global temperatures known as the Cretaceous Thermal Maximum 92 million years ago. This rapid growth followed the extinction of other giant meat-eaters, carcharodontosaurids, which left a vacuum at the top of the food chain.

The researchers suggested that tyrannosaurs -- both tyrannosaurids and megaraptors -- may have been able to better exploit cooler temperatures than rival dinosaur groups.

At the end of the age of the dinosaurs, T. rex weighed up to nine tonnes (about the same as a very large African elephant or a light tank), while megaraptors reached lengths of 10 metres.

Co-author Charlie Scherer, an MSci Earth Sciences graduate and soon to be PhD student at UCL, and founder of UCL's Palaeontology Society, said: "Our findings have shined a light on how the largest tyrannosaurs appeared in North and South America during the Cretaceous and how and why they grew so large by the end of the age of dinosaurs.

"They likely grew to such gigantic sizes to replace the equally giant carcharodontosaurid theropods that went extinct about 90 million years ago. This extinction likely removed the ecological barrier that prevented tyrannosaurs from growing to such sizes."

Co-author Dr Mauro Aranciaga Rolando, from the Bernardino Rivadavia Natural Sciences Argentine Museum, Buenos Aires, Argentina, said: "At the beginning of their evolutionary history, around 120 million years ago, megaraptors were part of a widespread and diverse dinosaur fauna.

"As the Cretaceous period progressed and the continents that once formed Gondwana began to drift apart, these predators became increasingly specialised. This evolutionary shift led them to inhabit more specific environments.

"While in regions like Asia megaraptors were eventually replaced by tyrannosaurs, in areas such as Australia and Patagonia they evolved to become apex predators, dominating their ecosystems."
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Study of velvet worm slime could revolutionize sustainable material design | ScienceDaily
A new discovery about the slime ejected by velvet worms could revolutionize sustainable material design, according to a study by McGill University researchers. Their findings outline how a naturally occurring protein structure, conserved across species from Australia, Singapore and Barbados over nearly 400 million years of evolution, enables the slime's transformation from liquid to fibre and back again. It's a discovery that could inspire next-generation recyclable bioplastics.


						
"Nature has already figured out a way to make materials that are both strong and recyclable," said Matthew Harrington, a chemistry professor and Canada Research Chair in green chemistry, who led the study. "By decoding the molecular structure of velvet worm slime, we're now one step closer to replicating that efficiency for the materials we use every day."

Velvet worms, small caterpillar-like creatures found in humid forests of the southern hemisphere, use their slime to capture prey. When ejected, the slime rapidly hardens into fibres as strong as nylon. The slime dissolves in water and can be reconstituted into new fibres. Until now, the molecular mechanism behind this reversibility remained a mystery.

Using protein sequencing and AI-driven structure prediction (AlphaFold, the 2024 Nobel Prize-winning tool), Harrington's team identified previously unknown proteins in the slime that function similarly to cell receptors in the immune system. The researchers believe the receptor proteins function to link large structural proteins during fibre formation. By comparing two subgroups of velvet worms that separated nearly 380 million years ago, the researchers demonstrated the evolutionary significance and functional relevance of this protein.

A blueprint for recyclable materials

Traditional plastics and synthetic fibres are typically made using petroleum-based precursors and require energy-intensive processes to manufacture and recycle, often involving heat or chemical treatments. The velvet worm, however, uses simple mechanical forces - pulling and stretching -- to generate strong, durable fibres from biorenewable precursors, which can later be dissolved and reused without harmful byproducts.

"Obviously, a plastic bottle that dissolves in water would have limited use, but by adjusting the chemistry of this binding mechanism, we can get around this issue," said Harrington.

The study was co-authored by researchers from McGill University and Nanyang Technological University (NTU) in Singapore. The team's next challenge will be to experimentally verify the binding interactions and explore whether the principle can be adapted for engineered materials.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250506170931.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New drone-assisted 3D model offers a more accurate way to date dinosaur fossils | ScienceDaily
A new study from McGill University is reshaping how scientists date dinosaur fossils in Alberta's Dinosaur Provincial Park (DPP). Using advanced drone-assisted 3D mapping, researchers have uncovered significant variations in a key geological marker, challenging long-standing methods of determining the ages of dinosaur fossils.


						
The researchers say their findings, published in Palaeontologia Electronica, could lead to more accurate reconstructions of ancient ecosystems, helping us better understand Earth's history and how past biodiversity changes inform present and future life.

"We've essentially shown that the dating method used for decades in Dinosaur Provincial Park may not be as reliable as previously thought," said Alexandre Demers-Potvin, a postdoctoral researcher who led the study as a PhD candidate at McGill's Redpath Museum.

Dinosaur Provincial Park is a UNESCO World Heritage Site since it preserves an unparalleled dinosaur fossil record from the Late Cretaceous period. For decades, paleontologists have relied on a distinct rock boundary -- the contact between the Oldman and Dinosaur Park Formations -- as a reference point to estimate the ages of fossil quarries in the park. To do this, they compare how high or low a fossil site is relative to that boundary. However, this method only gives a rough age estimate rather than a precise date, unlike absolute dating methods, which use radioactive elements in rocks to determine exact ages.

The new study reveals that this boundary fluctuates in elevation by as much as 12 metres over short distances, introducing a level of uncertainty that could alter interpretations of when different species lived.

"If the reference point itself varies significantly, then our estimates of individual fossil ages could be off by a considerable margin," said Demers-Potvin.

Building a more accurate timeline

To address these uncertainties, Demers-Potvin and co-author Professor Hans Larsson used drones to capture around a thousand high-resolution images of a key fossil site in the park. These images were processed through a technique called structure-from-motion photogrammetry, which allowed the team to construct a precise 3D model of the terrain which is geolocated with GPS coordinates measured in the field.

The results showed that it might be possible to estimate fossil ages by identifying their source sedimentary layers and tracing those over long distances wherever possible. The researchers say this dating method might be more dependable than referring to the boundary between the Oldman and Dinosaur Park Formations, since it would not require elevation measurements which are now shown to rise and fall by several metres in different areas of the park.

"This opens the door to a more refined approach for understanding how different dinosaur species succeeded one another over time," said Demers-Potvin. "By mapping these sedimentary layers over a broader area, we could develop a much clearer picture of biodiversity shifts in an ancient terrestrial ecosystem."
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Two new crocodile species discovered | ScienceDaily
McGill University researchers, in collaboration with Mexican scientists, have discovered two previously unknown species of crocodiles, one living on the island of Cozumel and the other on the atoll of Banco Chinchorro, both off the Yucatan Peninsula. The findings challenge long-held assumptions about the American crocodile (Crocodylus acutus) and highlight the urgent need for conservation efforts, the researchers say.


						
"Biodiversity is disappearing faster than we can discover what we're losing," said Biology Professor Hans Larsson, the principal investigator. "Most species of crocodiles are already endangered, and rapid shoreline development threatens nearly every population. Our research aimed to uncover the true diversity of crocodiles on these isolated islands."

Larsson and his team analyzed the genetic sequences of crocodile populations from Cozumel and Banco Chinchorro. Comparing these sequences to those of crocodiles across the Caribbean, Central America and Mexico's Pacific coast, they found striking levels of genetic differentiation, leading the researchers to conclude that these populations were not simply variants of Crocodylus acutus. The two new species have not yet been named.

"These results were totally unexpected," former Larsson graduate student and lead author Jose Avila-Cervantes said. "We assumed Crocodylus acutus was a single species ranging from Baja California to Venezuela and across the Caribbean. Our study is the first to extensively explore genomic and anatomical variation in these animals."

This discovery has significant conservation implications, the researchers said. The newly identified species live in small, isolated populations, each numbering fewer than 1,000 breeding individuals. While both populations appear stable, their limited numbers and habitat restrictions make them vulnerable.

"The rapid loss of biodiversity can only be slowed if we know what species are most at risk," said Larsson. "Now that we recognize these crocodiles as distinct species, it's crucial to protect their habitats. Limiting land development and implementing careful conservation strategies on Cozumel and Banco Chinchorro will be key to ensuring their survival."

The research was conducted with the help of local colleagues, including Pierre Charruau at El Colegio de la Frontera Sur in Mexico. The team captured and released crocodiles, collecting blood and scale samples for analysis. Genetic sequencing was carried out at McGill by Jose Avila-Cervantes during his graduate studies, with additional research on skull morphology by fellow McGill graduate student Hoai-Nam Bui.

This research was funded by the Canadian Foundation for Innovation, the Digital Research Alliance of Canada), the Comision Nacional para el Conocimiento y Uso de la Biodiversidad, and the Natural Sciences and Engineering Research Council of Canada.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250506170923.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Study suggests we don't just hear music, but 'become it' | ScienceDaily
An international study co-authored by McGill psychologist Caroline Palmer suggests our brains and bodies don't just understand music, they physically resonate with it. These discoveries, based on findings in neuroscience, music, and psychology, support Neural Resonance Theory (NRT).


						
NRT maintains that rather than relying on learned expectations or prediction, musical experiences arise from the brain's natural oscillations that sync with rhythm, melody and harmony. This resonance shapes our sense of timing, musical pleasure and the instinct to move with the beat.

"This theory suggests that music is powerful not just because we hear it, but because our brains and bodies become it," said Palmer, Professor in the Department of Psychology at McGill and Director of the Sequence Production Lab. "That has big implications for therapy, education and technology." The study's publication in Nature Reviews Neuroscience marks the first time the entire NRT is being published in a single paper, she said.

The theory suggests that structures like pulse and harmony reflect stable resonant patterns in the brain, shared across people independent of their musical background. According to NRT, how we hear and produce music can be explained by fundamental dynamical principles of human brain mechanisms that apply from the ear all the way to the spinal cord and limb movements.

Researchers say potential applications of the theory include:
The study was led by Edward Large (University of Connecticut) and co-authored by Caroline Palmer.

The study was funded in part by a Canada Research Chair and a NSERC Discovery Grant.
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2024 sea level 'report cards' map futures of US coastal communities | ScienceDaily
William & Mary's Batten School & VIMS have released their 2024 U.S. sea level "report cards," providing updated analyses of sea level trends and projections for 36 coastal communities. Encompassing 55 years of historical data, the report cards aid planning and adaptation efforts by analyzing rates of sea level rise and acceleration at each locality and forecasting 2050 water levels.


						
This year, the report cards are consolidated in an interactive dashboard and add data from tide gauge stations in Annapolis, MD; Solomons Island, MD; Yorktown, VA; and Fort Myers, FL.

Most sea level projections are based on an understanding of average global sea level rise. However, sea levels do not rise uniformly across the world. Factors such as geological uplift, land subsidence, ocean currents and other processes all impact regional sea level trends.

"Many people who live near the coast want to know what they can reasonably expect over the next few decades, giving them time to make actionable plans and decisions," says Molly Mitchell, an assistant professor at the Batten School of Coastal & Marine Sciences & VIMS. "Compared to other predictions based on satellite data and global computer models, our reports are created using observed tide gauge data from the past 55 years and reflect the exact experience at the location of the gauge. The annual release of the report cards allows coastal regions to examine if past trends are changing and alter their planning accordingly."

The reports group localities into East Coast, Gulf Coast, West Coast and Alaskan Coast regions. Each report card shows values for monthly sea level averages along with high-and low-water levels caused by storms and other transient events, as well as a decadal signal showing the influence of longer-term climate patterns such as El Nino. Observed rates of acceleration are factored into future projections and are displayed in comparison to a linear trendline that does not account for acceleration.

The projections also show the range of sea level rise within the 95% confidence interval, which allows individuals and municipalities to plan adequately for the highest predicted rates of sea level rise caused by things like storm surge and tidal flooding.

Overall, most locations continue a trend of accelerating sea level rise. However, Mitchell notes that projections have remained mostly uniform since reporting began in 2018, apart from a few notable exceptions.




"One interesting new trend is the acceleration occurring in southeastern states such as South Carolina and Georgia," said Mitchell. "We continue to see the fastest rates of sea level rise in Gulf states like Texas and Louisiana, but many of the East Coast stations are accelerating quite quickly, likely due to patterns of water distribution related to glacial melt from the Greenland ice sheet."

Mitchell also notes that most West Coast localities have been fairly stable, despite past predictions that they would increase rapidly. "This has led to some questions about why," she said.

Information about the processes most affecting regional sea levels is listed on the Batten School & VIMS website: List of cities, states and processes.

Emeritus Professor John Boon launched the sea level report cards in 2018 following the publication of the study Anthropocene Sea Level Change: A History of Recent Trends Observed in the U.S. East, Gulf and West Coast Regions, which showed a notable increase in sea level acceleration rates beginning in 2013-2014.
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Breakthrough in fuel cell recycling turns 'forever chemicals' into renewable resources | ScienceDaily
A new technique that uses soundwaves to separate materials for recycling could help prevent potentially harmful chemicals leaching into the environment.


						
Researchers at the University of Leicester have achieved a major milestone in fuel cell recycling, advancing techniques to efficiently separate valuable catalyst materials and fluorinated polymer membranes (PFAS) from catalyst-coated membranes (CCMs).

This development addresses critical environmental challenges posed by PFAS -- often referred to as 'forever chemicals' -- which are known to contaminate drinking water and have serious health implications. The Royal Society of Chemistry has urged government intervention to reduce PFAS levels in UK water supplies.

Fuel cells and water electrolysers, essential components of hydrogen-powered energy systems, powering cars, trains and buses, depend on CCMs containing precious platinum group metals. However, the strong adhesion between catalyst layers and PFAS membranes has made recycling difficult. Researchers at Leicester have developed a scalable method using organic solvent soaking and water ultrasonication to effectively separate these materials, revolutionising the recycling process.

Dr Jake Yang from the University of Leicester School of Chemistry said: "This method is simple and scalable. We can now separate PFAS membranes from precious metals without harsh chemicals -- revolutionising how we recycle fuel cells. Fuel cells have been heralded for a long time as the breakthrough technology for clean energy but the high cost of platinum group metals has been seen as a limitation. A circular economy in these metals will bring this breakthough technology one step closer to reality."

Building on this success, a follow-up study introduced a continuous delamination process, using a bespoke blade sonotrode that uses high frequency ultrasound to split the membranes to accelerate recycling. The process creates bubbles that collapse when subjected to high pressure, meaning the precious catalysts can be separated in seconds at room temperature. The innovative process is both sustainable and economically viable, paving the way for widespread adoption.

This groundbreaking research was carried out in collaboration with Johnson Matthey, a global leader in sustainable technologies. Industry-academia partnerships such as this underscore the importance of collective efforts in driving technological progress.

Ross Gordon, Principal Research Scientist at Johnson Matthey, said: "The development of high-intensity ultrasound to separate catalyst-loaded membranes is a game-changer in how we approach fuel cell recycling. At Johnson Matthey, we are proud to collaborate on pioneering solutions that accelerate the adoption of hydrogen-powered energy while making it more sustainable and economically viable."

As fuel cell demand continues to grow, this breakthrough contributes to the circular economy by enabling efficient recycling of essential clean energy components. The researchers' efforts support a greener and more affordable future for fuel cell technology while addressing pressing environmental challenges.
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Breakthrough discovery uses gut bacteria and AI to diagnose a chronic pain syndrome | ScienceDaily
McGill University researchers, in collaboration with colleagues in Israel and Ireland, have developed AI technology that can detect patterns in gut bacteria to identify complex regional pain syndrome (CRPS) with remarkable accuracy, potentially transforming how CRPS is diagnosed and treated.


						
CRPS, estimated to affect between 400,000 and 2.1 million people worldwide, typically develops in a limb after injury or surgery and can lead to long-term disability. It causes severe, persistent pain -- often far worse than the initial injury -- along with swelling and changes in skin colour and temperature.

"CRPS remains challenging to treat, with patients often experiencing prolonged suffering before receiving appropriate care," said senior author Dr. Amir Minerbi, Director of the Institute for Pain Medicine at Rambam Health Campus in Haifa, Israel, and senior lecturer at the Technion -- Israel Institute of Technology.

A 'microbiome signature' of CRPS

The study, published in the journal Anesthesiology, used advanced machine learning to analyze gut microbiome samples from two cohorts, one from Israel and one from Canada.

"What's remarkable about this study is that we trained our machine learning algorithms on high quality microbiome data from patients in Israel and successfully predicted CRPS in Canadian patients with over 90-per-cent accuracy," said Emmanuel Gonzalez, lead author and member of the McGill Centre for Microbiome Research and Canadian Centre for Computational Genomics.

"This is extraordinary because factors like geography, climate, diet and natural variation between people typically create large microbiome differences. Yet, our AI approach seems to have identified a common 'microbiome signature' of CRPS, suggesting microbiome-based diagnostics could work across populations in different countries."

The research identified significant differences between the gut bacteria of CRPS patients and pain-free individuals.




Findings suggest some people might be prone to CRPS

Surprisingly, the researchers also found that even patients whose symptoms completely disappeared after limb amputation still had the same gut bacteria pattern, or microbiome signature, linked to CRPS.

"This persistent signature suggests the gut microbiome might make some people more prone to developing CRPS, with an injury or other event triggering the condition," said Dr. Yoram Shir, Professor in the Department of Anesthesia at McGill's Faculty of Medicine and Health Sciences, who led the clinical work in Montreal.

The findings were based on analyses of 120 microbiome and over 100 plasma samples, making this one of the largest-ever investigations of the gut microbiome in connection with chronic pain conditions.
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NASA's NICER maps debris from recurring cosmic crashes | ScienceDaily
For the first time, astronomers have probed the physical environment of repeating X-ray outbursts near monster black holes thanks to data from NASA's NICER (Neutron star Interior Composition Explorer) and other missions.


						
Scientists have only recently encountered this class of X-ray flares, called QPEs, or quasi-periodic eruptions. A system astronomers have nicknamed Ansky is the eighth QPE source discovered, and it produces the most energetic outbursts seen to date. Ansky also sets records in terms of timing and duration, with eruptions every 4.5 days or so that last approximately 1.5 days.

"These QPEs are mysterious and intensely interesting phenomena," said Joheen Chakraborty, a graduate student at the Massachusetts Institute of Technology in Cambridge. "One of the most intriguing aspects is their quasi-periodic nature. We're still developing the methodologies and frameworks we need to understand what causes QPEs, and Ansky's unusual properties are helping us improve those tools."

Ansky's name comes from ZTF19acnskyy, the moniker of a visible-light outburst seen in 2019. It was located in a galaxy about 300 million light-years away in the constellation Virgo. This event was the first indication that something unusual might be happening.

A paper about Ansky, led by Chakraborty, was published Tuesday in The Astrophysical Journal.

A leading theory suggests that QPEs occur in systems where a relatively low-mass object passes through the disk of gas surrounding a supermassive black hole that holds hundreds of thousands to billions of times the Sun's mass.

When the lower-mass object punches through the disk, its passage drives out expanding clouds of hot gas that we observe as QPEs in X-rays.




Scientists think the eruptions' quasi-periodicity occurs because the smaller object's orbit is not perfectly circular and spirals toward the black hole over time. Also, the extreme gravity close to the black hole warps the fabric of space-time, altering the object's orbits so they don't close on themselves with each cycle. Scientists' current understanding suggests the eruptions repeat until the disk disappears or the orbiting object disintegrates, which may take up to a few years.

"Ansky's extreme properties may be due to the nature of the disk around its supermassive black hole," said Lorena Hernandez-Garcia, an astrophysicist at the Millennium Nucleus on Transversal Research and Technology to Explore Supermassive Black Holes, the Millennium Institute of Astrophysics, and University of Valparaiso in Chile. "In most QPE systems the supermassive black hole likely shreds a passing star, creating a small disk very close to itself. In Ansky's case, we think the disk is much larger and can involve objects farther away, creating the longer timescales we observe."

Hernandez-Garcia, in addition to being a co-author on Chakraborty's paper, led the study that discovered Ansky's QPEs, which was published in April in Nature Astronomy and used data from NICER, NASA's Neil Gehrels Swift Observatory and Chandra X-ray Observatory, as well as ESA's (European Space Agency's) XMM-Newton space telescope.

NICER's position on the International Space Station allowed it to observe Ansky about 16 times every day from May to July 2024. The frequency of the observations was critical in detecting the X-ray fluctuations that revealed Ansky produces QPEs.

Chakraborty's team used data from NICER and XMM-Newton to map the rapid evolution of the ejected material driving the observed QPEs in unprecedented detail by studying variations in X-ray intensity during the rise and fall of each eruption.

The researchers found that each impact resulted in about a Jupiter's worth of mass reaching expansion velocities around 15% of the speed of light.




The NICER telescope's ability to frequently observe Ansky from the space station and its unique measurement capabilities also made it possible for the team to measure the size and temperature of the roughly spherical bubble of debris as it expanded.

"All NICER's Ansky observations used in these papers were collected after the instrument experienced a 'light leak' in May 2023," said Zaven Arzoumanian, the mission's science lead at NASA's Goddard Space Flight Center in Greenbelt, Maryland. "Even though the leak -- which was patched in January -- affected the telescope's observing strategy, NICER was still able to make vital contributions to time domain astronomy, or the study of changes in the cosmos on timescales we can see."

After the repair, NICER continued observing Ansky to explore how the outbursts have evolved over time. A paper about these results, led by Hernandez-Garcia and co-authored by Chakraborty, is under review.

Observational studies of QPEs like Chakraborty's will also play a key role in preparing the science community for a new era of multimessenger astronomy, which combines measurements using light, elementary particles, and space-time ripples called gravitational waves to better understand objects and events in the universe.

One goal of ESA's future LISA (Laser Interferometer Space Antenna) mission, in which NASA is a partner, is to study extreme mass-ratio inspirals -- or systems where a low-mass object orbits a much more massive one, like Ansky. These systems should emit gravitational waves that are not observable with current facilities. Electromagnetic studies of QPEs will help improve models of those systems ahead of LISA's anticipated launch in the mid-2030s.

"We're going to keep observing Ansky for as long as we can," Chakraborty said. "We're still in the infancy of understanding QPEs. It's such an exciting time because there's so much to learn."
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Experimental quantum communications network | ScienceDaily
Researchers at the University of Rochester and Rochester Institute of Technology recently connected their campuses with an experimental quantum communications network using two optical fibers. In a new paper published in Optica Quantum, scientists describe the Rochester Quantum Network (RoQNET), which uses single photons to transmit information about 11 miles along fiber-optic lines at room temperature using optical wavelengths.


						
Quantum communications networks have the potential to massively improve the security with which information is transmitted, making messages impossible to clone or intercept without detection. Quantum communication works with quantum bits, or qubits, that can be physically created using atoms, superconductors, and even in defects in materials like diamond. However, photons -- individual particles of light -- are the best type of qubit for long distance quantum communications.

Photons are appealing for quantum communication in part because they could theoretically be transmitted over existing fiber-optic telecommunications lines that already crisscross the globe. In the future, many types of qubits will likely be utilized because qubit sources, like quantum dots or trapped ions, each have their own advantages for specific applications in quantum computing or different types of quantum sensing. However, photons are the most compatible with existing communications lines. The new paper is focused on making quantum communication between different types of qubits in a network a reality.

"This is an exciting step creating quantum networks that would protect communications and empower new approaches to distributed computing and imaging," says Nickolas Vamivakas, the Marie C. Wilson and Joseph C. Wilson Professor of Optical Physics, who led the University of Rochester's efforts. "While other groups have developed experimental quantum networks, RoQNET is unique in its use of integrated quantum photonic chips for quantum light generation and solid-state based quantum memory nodes."

The teams at the University of Rochester and RIT combined their expertise in optics, quantum information, and photonics to develop technology with photonic-integrated circuits that could facilitate the quantum network. Currently, efforts to leverage fiber-optic lines for quantum communication require bulky and expensive superconducting-nanowire-single-photon-detectors (SNSPDs), but they hope to eliminate this barrier.

"Photons move at the speed of light and their wide range of wavelengths enable communication with different types of qubits," says Stefan Preble, professor in the Kate Gleason College of Engineering at RIT. "Our focus is on distributed quantum entanglement, and RoQNET is a test bed for doing that."

Ultimately, the researchers want to connect RoQNET to other research facilities across New York State at Brookhaven National Lab, Stony Brook University, Air Force Research Laboratory, and New York University.

The research was supported by Air Force Research Laboratory.
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Do manta rays benefit from collective motion? | ScienceDaily
From bird flocking to fish schooling, many biological systems exhibit some type of collective motion, often to improve performance and conserve energy. Compared to other swimmers, manta rays are particularly efficient, and their large aspect ratio is useful for creating large lift compared to drag. These properties make their collective motion especially relevant to complex underwater operations.


						
To understand how their group dynamics affect their propulsion, researchers from Northwestern Polytechnical University (NPU) and the Ningbo Institute of NPU, in China, modeled the motions of groups of manta rays, which they present in Physics of Fluids, by AIP Publishing.

"As underwater operation tasks become more complex and often require multiple underwater vehicles to carry out group operations, it is necessary to take inspiration from the group swimming of organisms to guide formations of underwater vehicles," said author Pengcheng Gao. "Both the shape of manta rays and their propulsive performance are of great value for biomimicry."

Based on photographs of real manta ray configurations, the researchers studied different formations of three manta rays: in tandem, in a triangular setup with one manta ray in front leading two behind, and in an inverse triangular configuration with one manta ray trailing the other two.

They found the tandem formation only significantly increases propulsion for the middle manta ray, whose performance directly determines the performance of the entire group. The two triangular setups both result in overall decreased efficiency compared to a single swimmer on its own. These findings can help optimize formations for underwater vehicle operations.

"The tandem formation and the triangular formation are the formations that manta rays often use during group swimming," said Gao. "This biological information also supports the idea that a small group of three individuals can be used as a basic unit for more complex group swimming."

In nature, manta rays swim in numbers ranging from pairs all the way up to swarms of thousands. However, previous studies have only considered manta rays in pairs or on their own. Because Gao and the team expanded the study into a unit of three, their findings can be extended into a larger number of swimmers by considering larger groups to be composites of those modeled in the paper.

"Future research should focus on the performance of group swimming under the coupling of multiple factors, such as formations, spacing, and motion differences, in addition to considering the combination of deep learning algorithms to achieve active control of the motion parameters of the individual in the group," said Gao.
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New chronic pain therapy retrains the brain to process emotions | ScienceDaily
A new study led by UNSW Sydney and Neuroscience Research Australia (NeuRA) shows that targeting emotional processing is key to treating and managing chronic pain.


						
The study is based on a randomised controlled trial led by Professor Sylvia Gustin and Dr Nell Norman-Nott, both from UNSW and NeuRA. Along with a team at NeuRA's Centre for Pain IMPACT, they published their results today in JAMA Network Open.

The trial showed that enhancing the brain's capacity for emotional processing through therapeutic intervention is an effective approach to managing chronic pain.

"By changing how we manage emotions, it is possible to change the experience of pain itself," Prof. Gustin says. "This is not just a temporary relief but a potential long-term improvement in quality of life for those affected by chronic pain."

Prof. Gustin and Dr Norman-Nott developed Pain and Emotion Therapy  -- a novel and emerging eHealth intervention. The therapy aims to retrain the brain to more easily process emotions by improving an individual's ability to deescalate negative emotions and enhance positive ones.

The trial took place from March 2023 to September 2024 and focused on the experiences of 89 people with chronic pain. The authors say the results could lead to new ways of treating chronic pain, emphasising the profound impact of emotional health on physical wellbeing.

The online therapy, made available through the trial, is the first of its kind, delivered through eight group-based therapist-guided sessions by video conference across Australia. Participants also used an app and handbook for self-learning. The control group continued their usual treatment.




Prof. Gustin says those who received the new treatment reported better emotional regulation as well as pain reduction equal to a 10-point decrease on a 100-point scale for pain intensity within a six-month follow up.

"This shows not only a clinical improvement, but one that makes a noticeable difference in the daily lives of the people affected," she says.

Understanding chronic pain

Chronic pain, defined as pain lasting longer than three months, affects around 30% of people globally. The economic costs are estimated to be higher than that of heart disease, cancer and diabetes combined.

Declining mental health is also widespread, with up to 80% of people with chronic pain experiencing depression and anxiety. In addition, suicide rates are two to three times higher than those of the general population.

"A key factor in disease progression is the inability to regulate negative emotions," Prof. Gustin says. "This is disrupted by the impact of persistent pain on the brain's emotional circuitry. The resulting emotion dysregulation is an ill-understood and undertreated aspect of chronic pain, which we addressed in this trial."

Study participant Jabez Allies has had chronic back pain for 10 years. She says chronic pain affects her emotions.




"It makes me feel more worried, moody and frustrated, which in turn affects my pain. The more negative emotions I have, the worse my pain is, and vice versa," she says.

Prof. Gustin says this cycle of worsening pain and increasing negative emotions is a common presentation.

"It shows us that chronic pain really does have a considerable effect on how people feel and the level of pain they experience."

A boost to traditional treatments

Dr Norman Nott says that in the past 50-60 years, the model of chronic pain has shifted focus.

"We've gone from purely medical and biological approaches to a more holistic treatment model that includes addressing social and psychological experiences," Dr Norman Nott says.

She says while prescription and non-prescription pain medications continue to play an important role in treatment, they have limitations.

"I'm thinking particularly of side effects and diminishing efficacy over time. Opioids, specifically, present considerable issues with dependency and declining effectiveness."

She says, "though psychological therapies come with few side effects, we know there are still improvements needed, particularly to address the key mental health concerns of people with chronic pain, such as identifying and expressing emotions, and calming down emotional reactiveness.

"The focus on training for emotional regulation appears to be the missing piece of the jigsaw puzzle of chronic pain treatment.

"This is why we created this therapy -- to focus on emotion processing by improving how people manage their emotions."

Richard Beaumont is a participant who has had cancer pain and chronic lower back pain for 11 years. He says he frequently gets pain that reaches an eight or nine out of 10.

"After receiving Pain and Emotion Therapy I can bring this right down to a four or five just by calming the farm," he says.

Targeting the emotional brain

"Previous research shows us that the brain can be trained to identify negative emotions and regulate them," Prof. Gustin says. "With this trial we can now see that engaging emotion regulation skills can reduce the intensity of pain and improve several other factors such as depression, anxiety and sleep problems."

Dr Norman-Nott says this new therapy works by teaching participants that we need emotions in our lives.

"Often when we live with chronic pain for many years, negative emotions get pushed down and positive emotions become harder to identify," Dr Norman-Nott says.

"We focus on helping to identify and bring up those negative emotions so that they can be acknowledged and resolved -- while also realising the potential positive aspects of life and setting goals for the future."

Accessible treatment for all

The accessibility of psychological treatment for chronic pain is a key point of governmental concern.

The progression and management of the disease are further aggravated by long wait times and limited healthcare services outside of capital cities.

"Our online treatment delivery reduced barriers by making it accessible to those who struggle with mobility, social anxiety, or physical exhaustion from travelling to in-person appointments," Dr Norman-Nott says.

"It enabled them to participate from every state in Australia, including many from remote and regional locations.

"Participants attended the online sessions from their homes, or wherever it was comfortable for them, so they could train their emotion regulation skills when it suited them via the customised app and workbook."

The next step for rolling out Pain and Emotion Therapy is a larger clinical trial supported by the Medical Research Future Fund, due to start in 2026.

The researchers are now calling for participants to register their interest in the trial.

"The results we've seen so far are a big improvement in our understanding of chronic pain, showing how important it is to treat both the body and emotions together," says Prof. Gustin.
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Food as medicine: How diet shapes gut microbiome health | ScienceDaily
The modern Western-style diet -- high in processed foods, red meat, dairy products, and sugar -- alters the composition of the gut microbiome in ways that can have a huge impact on health. This dietary pattern, which is also low in fruits, vegetables, and whole grains, reduces the variety of microbes in the digestive system and the metabolites they produce. This, in turn, increases risk for several immune system-related conditions such as inflammatory bowel disease.


						
In new research published in Nature, researchers from the University of Chicago show how mice fed a Western-style diet are not able to rebuild a "healthy," diverse gut microbiome following antibiotic treatment. These mice were also more susceptible to infection by pathogens like Salmonella. However, mice given food loosely mimicking a Mediterranean diet -- high in plant-based fiber from fruits, vegetables, and whole grains -- were able to quickly restore a healthy and resilient gut microbiome after antibiotics.

"We were really surprised by how dramatically different the recovery process is in the mice on the Western-style diet versus the healthier one," said Megan Kennedy, a student in the Medical Scientist Training Program at UChicago and lead author of the study.

Rebuilding after a forest fire

Antibiotics can have a devastating effect on the gut microbiome. While often given to treat infections by specific pathogens, antibiotics are indiscriminate and can wipe out entire communities of bacteria, both the bad ones causing disease and the good, commensal ones that help keep us healthy.

Eugene B. Chang, MD, Martin Boyer Professor of Medicine at UChicago, a senior author on the study and one of Kennedy's PhD advisors, likens this to a forest fire -- meaning that natural rules of ecology apply when rebuilding the community of bacteria in the gut. This analogy is fitting, given that Kennedy's other advisor, Joy Bergelson, PhD, formerly of UChicago, studies how plants interact and co-evolve with microbes. Bergelson, another senior author on the study, is now Silver Professor of Biology at New York University and Executive Vice President of Life Sciences at the Simons Foundation.

"The mammalian gut microbiome is like a forest, and when you damage it, it must have a succession of events that occur in a specific order to restore itself back to its former health," Chang said. "When you are on a Western diet, this does not happen because it doesn't provide the nutrients for the right microbes at the right time to recover. Instead, you end up with a few species that monopolize these resources, and don't set the stage for other organisms that are required for recovery."

Unfortunately, overuse of antibiotics and the Western diet are common in the United States. This led Kennedy and Chang to explore how this combination of microbiome-disrupting practices affects gut health.




They started with mice that were fed with food mimicking a typical Western-style diet (WD) or a diet of regular mouse chow (RC) with diverse sources of plant fiber and low fat. Both groups were then treated with antibiotics. Later, some mice continued the same diet, while some were switched to the other diet.

The researchers also reintroduced microbes to the mice after antibiotics through fecal microbial transplant (FMT). The rationale behind using FMT is that it can restore a healthy equilibrium in the gut by transferring microbes in the stool from healthy animals to another.

When the researchers analyzed the makeup of microbes in these different test groups, they saw that only the mice on RC, either before or after antibiotics, were able to recover to a healthy equilibrium of microbes. Further analysis by Christopher Henry, PhD, a computational biologist at Argonne National Laboratory, and his group showed that this diet promotes networks of metabolites that set the stage for microbes to rebuild a healthy ecosystem.

FMT had a negligible impact on recovery, however, among the mice on WD after antibiotics. These mice were also susceptible to infection with Salmonella, a common intestinal pathogen.

"It doesn't seem to matter what microbes you're putting into the community through FMT, even if it's matched in every way possible to the ideal transplant," Kennedy said. "If the mice are on the wrong diet, the microbes don't stick, the community doesn't diversify, and it doesn't recover."

Eat your fruit and vegetables, again

Kennedy and Chang say this shows how diet builds the crucial foundation for a diverse, robust, and resilient gut microbiome. Besides promoting overall good health, one potential clinical application is using diet to treat infections in patients following cancer treatment or organ transplants. These patients are often placed on powerful antibiotics and immunosuppressant drugs, which can lead to infections with multidrug-resistant bacteria. Adding more antibiotics would only compound the situation. Instead, Chang said, "Maybe we can use diet to rebuild the commensal microbes that have been suppressed under these therapies. We can restore the healthy microbiome much quicker and prevent the emergence of more multidrug-resistant organisms."




Despite the new details on how diet changes the gut microbiome, the study also repeats the same message parents have been telling their kids since time immemorial: eat your fruits and vegetables, they're good for you. But both researchers also recognize they can't expect everyone to become vegans overnight for the sake of their health.

Kennedy suggests that people could think about adding more healthy foods to their diet to prepare for an upcoming surgery when they know they'll be taking antibiotics. Chang is also working on what he calls a "have your cake and eat it too" approach, where people could take custom supplements to bolster their gut health, even if they don't drastically change their diet.

"I've become a believer that food can be medicinal," Chang said. "In fact, I think that food can be prescriptive, because we can ultimately decide what food components are affecting which populations and functions of the gut microbiome."

The study, "Diet outperforms microbial transplant to drive microbiome recovery in mice," was supported by the National Institutes of Health, the Gastrointestinal Research Foundation of Chicago, the Simons Foundation, the U.S. Department of Energy and collaborators at the Chinese University of Hong Kong funded by the Innovation and Technology Council of Hong Kong.
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How hunting harriers home in on their prey | ScienceDaily
Owls, well adapted to hearing the exact location of prey, have something in common with an unrelated group of raptors -- harriers.


						
A new study led by Canadian and Australian researchers has found that harriers across the world are able to keep a much better ear out for their next meal than previously thought.

The international team of University of Lethbridge and Flinders University researchers made the discovery when they found unexpected owl-like traits in the ear and brain of several harrier species, such as the Australian spotted harrier.

The new article published in Journal of Anatomy features the work of the Iwaniuk Lab at the University of Lethbridge in Alberta and Associate Professor Vera Weisbecker's 'Bones and Diversity Lab' at Flinders University in South Australia.

University of Lethbridge PhD student Sara Citron, who led the study, says owls have fine-tuned hearing abilities, allowing some of their species to locate prey in complete darkness.

"Until recently, it was assumed that all their hearing adaptations were unique to owls. However, our study shows that harriers have independently evolved several key adaptations for finding prey by sound," she says.

The research team focused on harriers -- a group of hawks found in North America, Australia, NZ, Europe, and parts of Africa and Asia -- because they show some unusual, owl-like hunting behaviours.




Senior author and PhD supervisor Dr Andrew Iwaniuk, Associate Professor at the Canadian Centre for Behavioural Neuroscience, says: "Hawks tend to hunt primarily by sight. But unlike other hawks, harriers fly low over tall grass with their beak pointed to the ground.

"During this so-called 'quartering flight', they are not only looking for prey, they are also listening for it," he says.

Co-author Aubrey Keirnan, a PhD student at Flinders University who is also co-supervised by Dr Iwaniuk and Associate Professor Weisbecker, says that simply by looking at the harrier, you can see similarities with owls.

"The Australian Spotted Harrier is a great example," she says. "When you look at this species' face, you can see a distinctive disc-shaped face, which may improve their prey localisation just like owls."

The discovery matches older behavioural studies showing that harriers can locate sounds with similar accuracy to owls, but how they did this has been a mystery.

Using specimens from wildlife rehabilitators and museums in Australia and Canada, the team examined the anatomy of the skull and brain of harriers and other closely related hawk species such as the wedge-tailed eagle.




They found that, like owls, harriers have enlarged ear openings and two expanded brain regions that are essential for calculating where a sound is coming from.

"These auditory nuclei are found in the brainstem and compare the time at which sounds arrive at the left or right ear," says co-author Associate Professor in evolutionary biology Vera Weisbecker, from Flinders University's College of Science and Engineering.

"If a sound arrives at both ears at the same time, then the sound is coming from directly in front of an animal. If there is a delay, this indicates that the prey is more to the left or right," she says.

"By having these two brain regions expanded, harriers can make such computations more accurately than other hawks, allowing them to locate where a potential rat, mouse or other prey is hiding in the grass."

"Harriers have therefore evolved an auditory system similar to owls, enabling them to target sounds as accurately as owls in a remarkable example of convergent evolution of both brain and behaviour in animals separated by over 60 million years," adds first author Ms Citron.

The team is careful to point out that the auditory system of many owls is far more sophisticated than that of harriers. This explains the ability of some owl species, such as the barn owl, to hunt in complete darkness whereas hawks only hunt during the day.

"There are several other features that help owls with their keen hearing which we did not find in harriers. For example, some owl species have asymmetric ears that allow them to locate sound with greater acuity, and these owls also have several other enlarged brain regions that were not enlarged in harriers," says Ms Citron.

The team hopes their study results will encourage further research on bird anatomy to find out how a species perceives its surrounds.

"Anatomical studies like ours are a window into how a bird perceives the world around it, which can be extremely useful for bird conservation," adds Dr Iwaniuk. "For example, harriers' reliance on sound for prey location means that they are likely more sensitive to traffic and industrial noise. This could be contributing to the large decreases in Northern Harrier populations we have seen in Canada."
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Research advances on 'displacing' antibiotic resistance gene from bacteria | ScienceDaily
Birmingham scientists have identified essential genetic code for a method called plasmid curing, which aims to 'displace' antibiotic resistance genes from bacteria.


						
Plasmids, which are small, circular strands of DNA, play a crucial role in allowing bacteria to share beneficial genes rapidly in a changing environment, most concerningly when they carry genes conferring resistance to antibiotics.

Professor Chris Thomas from Birmingham's School of Biosciences has investigated plasmid curing for many years, and engineered useful "multi-copy" (many copies in each bacterium) plasmids for this purpose, resulting in a patented, efficient way to displace unwanted plasmids that carry resistance.

However, when developing this into a "pro-biotic" system that could spread through the gut on "low-copy" plasmids, the Thomas lab found that they had to engineer the plasmid to have a higher number of copies before it gave efficient displacement, which they called "potentiation."

His further work, published in Nucleic Acids Research, explored why this potentiation was necessary and discovered that the issue lay in part of the "problem" F plasmids that are often found in E. coli bacteria and which his lab was using as their model target system.

Professor Thomas said: "We have identified the part of the plasmid that is absolutely essential for it to work in plasmid displacement, and built a completely new 'curing cassette' that does not need to be potentiated."

While the current paper covers the basic science and reveals the genetic code that underpins this more robust design, Professor Thomas' work has now moved on to investigating the spread of plasmids in animal models of the gut. The paper describing the results of this further work is in preparation and he says it is very encouraging.




"We know that animals are reservoirs of antibiotic resistance genes that can be transmitted to humans, and we now understand better how to make curing plasmids that work in a real context."

Professor Thomas, and his research collaborators at Harper Adams University, Surrey University Veterinary School, and the Animal and Plant Health Agency, are now seeking commercial partners interested in developing ingestible probiotics to combat antibiotic resistance in gut bacteria, in both animals and humans.

About plasmids

Plasmids often encode genes that provide its host with a survival advantage under specific environmental conditions. While chromosomes transfer their information vertically (when cells reproduce), plasmids also transfer genes horizontally, from bacteria to bacteria, enabling a rapid amplification of their genes through a bacterial population. Plasmids carrying antibiotic resistance genes are quite common, particularly in bacteria that interact with humans and animals, and F plasmids, which are often found in Escherichia coli (a common bacteria in the human gut), are a primary means of transferring antibiotic resistance genes between bacteria, including to other related species.
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Accordion effect makes graphene stretchable | ScienceDaily
Graphene is a "miracle material": mechanically extremely strong and electrically highly conductive, ideal for related applications. Using a worldwide unique method physicists at the University of Vienna led by Jani Kotakoski have for the first time made graphene drastically more stretchable by rippling it like an accordion. This paves the way for new applications in which certain stretchability is required (e.g. wearable electronics). In a collaboration with the Vienna University of Technology the exact mechanism of this phenomenon has been revealed and published in the journal Physical Review Letters.


						
The first experimental evidence of graphene in 2004 established a completely new class of materials, the so-called two-dimensional (2D) solids. Their name stems from the fact that they are only a single layer of atoms thick, giving rise to exotic material properties that could benefit various areas of application. Graphene for example stands out with its enormous electrical conductivity, but it is also very stiff. This extreme stiffness is a result of the honeycomb-shaped arrangement of the atoms in the material. Intuitively, the removal of some atoms from the material alongside their bonds should lead to a reduction in stiffness. However, scientific studies have reported both a slight reduction as well as a significant increase.

These contradictions have now been clarified through new measurements conducted by researchers of the group led by Jani Kotakoski at the University of Vienna. The experiments were carried out with state-of-the-art devices all sharing the same ultra-clean airless environment. This allows transporting samples between the different devices without ever being exposed to ambient air. "This unique system we have developed in the University of Vienna allows us to examine 2D materials without interference," explains Jani Kotakoski. Wael Joudi, first author of the study adds: "For the first time this kind of experiment has been carried out with the graphene fully isolated from ambient air and the foreign particles it contains. Without this separation, these particles would quickly settle on the surface affecting the experiment procedure and measurements."

In fact, the focus on meticulous cleanliness of the material surface led to the discovery of the so-called accordion effect with regard to the stiffness of graphene: already the removal of two neighbouring atoms leads to discernible bulging of the initially flat material. Several bulges together result in a corrugation of the material: "You can imagine it like an accordion. When pulled apart, the waved material now gets flattened, which requires much less force than stretching the flat material and therefore it becomes more stretchable," explains Wael Joudi. Simulations carried out by the theoretical physicists Rika Saskia Windisch and Florian Libisch from the Vienna University of Technology confirm both the formation of waves and the resulting stretchability.

The experiments also showed that foreign particles on the material surface not only supress this effect, but lead to the opposite result. Specifically, their influence makes the material appear stiffer, which also explains contradictions of the past. "This shows the importance of the measurement environment when dealing with 2D materials. The results open up a way to regulate the stiffness of graphene and thus pave the way for potential applications," concludes Wael Joudi.

The research was funded in whole or in part by the Austrian Science Fund (FWF).
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Shingles vaccine lowers the risk of heart disease for up to eight years | ScienceDaily
People who are given a vaccine for shingles have a 23% lower risk of cardiovascular events, including stroke, heart failure, and coronary heart disease, according to a study of more than a million people published in the European Heart Journal today (Tuesday).


						
The protective effect of the vaccine lasts for up to eight years and is particularly pronounced for men, people under the age of 60 and those with unhealthy lifestyles, such as smoking, drinking alcohol and being inactive.

The study was led by Professor Dong Keon Yon from the Kyung Hee University College of Medicine, Seoul, South Korea. He said: "Shingles causes a painful rash and can lead to serious complications, especially in older adults and those with weak immune systems. Previous research shows that, without vaccination, about 30% of people may develop shingles in their lifetime.

"In addition to the rash, shingles has been linked to a higher risk of heart problems, so we wanted to find out if getting vaccinated could lower this risk."

The study included 1,271,922 people aged 50 or older living in South Korea. Researchers gathered data, from 2012 onwards, on whether people received a shingle vaccine and combined this with data on their cardiovascular health and data on other factors that can influence health, such as age, sex, wealth and lifestyle.

The vaccine was a live zoster vaccine, meaning it contained a weakened form of the varicella zoster virus that causes shingles. In many countries, this type of vaccine is now being replaced with a non-live, recombinant vaccine, meaning it contains a protein from the varicella zoster virus.

The study showed that among people who received the vaccine, there was a 23% lower risk of cardiovascular events overall, with a 26% lower risk of major cardiovascular events (a stroke, heart attack or death from heart disease), a 26% lower risk of heart failure and a 22% lower risk of coronary heart disease.




The protective effect was strongest in the two to three years after the shingles vaccine was given, but researchers found that the protection lasted for up to eight years.

Professor Yon said: "Our study suggests that the shingles vaccine may help lower the risk of heart disease, even in people without known risk factors. This means that vaccination could offer health benefits beyond preventing shingles.

"There are several reasons why the shingles vaccine may help reduce heart disease. A shingles infection can cause blood vessel damage, inflammation and clot formation that can lead to heart disease. By preventing shingles, vaccination may lower these risks. Our study found stronger benefits in younger people, probably due to a better immune response, and in men, possibly due to differences in vaccine effectiveness.

"This is one of the largest and most comprehensive studies following a healthy general population over a period of up to 12 years. For the first time, this has allowed us to examine the association between shingles vaccination and 18 different types of cardiovascular disease. We were able to account for various other health conditions, lifestyle factors and socioeconomic status, making our findings more robust.

"However, as this study is based on an Asian cohort, the results may not apply to all populations. Since the live zoster vaccine is not suitable for everyone, more research on the recombinant vaccine is needed. While we conducted rigorous analysis, this study does not establish a direct causal relationship, so potential bias from other underlying factors should be considered."

Professor Yon and his colleagues also plan to study the impact of the recombinant vaccine to see if it has similar benefits for reducing heart disease.
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Big problem for fusion energy solved | ScienceDaily
Abundant, low-cost, clean energy -- the envisioned result if scientists and engineers can successfully produce a reliable method of generating and sustaining fusion energy -- took one step closer to reality, as a team of researchers from The University of Texas at Austin, Los Alamos National Laboratory and Type One Energy Group solved a longstanding problem in the field.


						
One of the big challenges holding fusion energy back has been the ability to contain high-energy particles inside fusion reactors. When high-energy alpha particles leak from a reactor, that prevents the plasma from getting hot and dense enough to sustain the fusion reaction. To prevent them from leaking, engineers design elaborate magnetic confinement systems, but there are often holes in the magnetic field, and a tremendous amount of computational time is required to predict their locations and eliminate them.

In their paper published in Physical Review Letters, the research team describes having discovered a shortcut that can help engineers design leak-proof magnetic confinement systems 10 times as fast as the gold standard method, without sacrificing accuracy. While several other big challenges remain for all magnetic fusion designs, this advance addresses the biggest challenge that's specific to a type of fusion reactor first proposed in the 1950s, called a stellarator.

"What's most exciting is that we're solving something that's been an open problem for almost 70 years," said Josh Burby, assistant professor of physics at UT and first author of the paper. "It's a paradigm shift in how we design these reactors."

A stellarator uses external coils carrying electric currents that generate magnetic fields to confine a plasma and high-energy particles. This confinement system is often described as a "magnetic bottle."

There is a way to identify where the holes are in the magnetic bottle using Newton's laws of motion, which is very precise but takes an enormous amount of computational time. Worse still, to design a stellarator, scientists might need to simulate hundreds or thousands of slightly different designs, tweaking the layout of the magnetic coils and iterating to eliminate the holes -- a process that would require a prohibitive amount of computation on top of that.

So, to save time and money, scientists and engineers routinely use a simpler method for approximating where the holes are, using an approach called perturbation theory. But that method is much less accurate, which has slowed the development of stellarators. The new method relies on symmetry theory, a different way of understanding the system.




"There is currently no practical way to find a theoretical answer to the alpha-particle confinement question without our results," Burby said. "Direct application of Newton's laws is too expensive. Perturbation methods commit gross errors. Ours is the first theory that circumvents these pitfalls."

This new method also can help with a similar but different problem in another popular magnetic fusion reactor design called a tokamak. In that design, there's a problem with runaway electrons -- high-energy electrons that can punch a hole in the surrounding walls. This new method can help identify holes in the magnetic field where these electrons might leak.

Burby's co-authors from UT are postdoctoral researcher Max Ruth and graduate student Ivan Maldonado. Other authors are Dan Messenger, a postdoctoral fellow at Los Alamos, and Leopoldo Carbajal, a computational scientist and data scientist at Type One Energy Group, a company planning to build stellarators for power generation.

This work was supported by the U.S. Department of Energy.
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Gorilla study reveals complex pros and cons of friendship | ScienceDaily
Friendship comes with complex pros and cons -- possibly explaining why some individuals are less sociable, according to a new study of gorillas.


						
Scientists examined over 20 years of data on 164 wild mountain gorillas, to see how their social lives affected their health.

Costs and benefits changed depending on the size of gorilla groups, and differed for males and females.

For example, friendly females in small groups didn't get ill very often but had fewer offspring -- while those in large groups got ill more but had higher birth rates.

Meanwhile, males with strong social bonds tended to get ill more -- but were less likely to be injured in fights.

The study -- by the Dian Fossey Gorilla Fund and the universities of Exeter and Zurich -- may help to explain why such a wide range of traits have evolved in social animals, including humans.

"Having a lot of strong social relationships is often really good -- but sometimes it isn't," said Dr Robin Morrison, lead author on the paper and Senior Researcher at the University of Zurich.




"For example, our study found that strong and stable social bonds are generally linked to less illness in female gorillas -- but more illness in males.

"We can't be certain why this happens, but it appears it's not a simple matter of social contact leading to more disease risk.

"It's possible that males expend more energy by having close social ties, as they have to defend females and offspring, and the stress of this may reduce their immune function."

The study focussed on the strength of each gorilla's key social bonds, and its integration in the group -- along with wider context such as group size, stability and conflict with other groups.

The findings highlight the forces that affect the evolution of social behaviour.

"With these forces pushing in different directions, the 'optimal' social type will depend on an individual's sex, age, offspring and wider social group," said Dr Sam Ellis, from the University of Exeter.




"In humans and other social mammals, the social environment is one of the strongest predictors of health and lifespan.

"But our study shows this isn't a straightforward case of more and stronger social ties always being better. In some situations social traits that we've previously thought of as maladaptive can have important benefits."

The study is based on long-term observations of mountain gorillas in Volcanoes National Park, Rwanda, which usually live in groups of about 12 with a single dominant male.

"This paper highlights the incredible value of long-term studies to furthering our understanding of the evolution of sociality and how the benefits or costs of sociality can vary considerably across different environments," said Dr Tara Stoinski, CEO and Chief Scientific Officer of the Dian Fossey Gorilla Fund and one of the study co-authors.

The research was funded by the Swiss National Science Foundation and the Dian Fossey Gorilla Fund.

The paper, published in the journal Proceedings of the National Academy of Sciences, is entitled: "Group traits moderate the relationship between individual social traits and fitness in gorillas."

Case studies: the varied social lives of mountain gorillas

Gutangara -- an adult female -- lives in one of the largest gorilla groups. She has good relationships with many gorillas but spends most of her time with her offspring -- some that are still young and others that are already adults. She is the most successful gorilla mother the researchers have seen, with eight surviving offspring.

Maggie was the highest-ranking female gorilla in the Bwenge group. She was one of the most frequently aggressive group members but was also quick to provide friendly support such as grooming. Maggie often led group interactions and acted as a protector, a role usually taken by males. When the dominant male died unexpectedly, Maggie took charge, guiding the group until they merged with a neighbouring group. But Maggie struggled to fit into this new group and eventually chose to leave. She travelled alone for a month until she crossed into Congo, where her trail was lost.

Titus -- a "silverback" adult male mountain gorilla -- had a difficult childhood. He lost his father and many other group members to poachers, and his mother died when he was only four. He became the dominant male of his group at the early age of 15. Titus had an unusual leadership style, being exceptionally gentle and calm. His closest relationships were with the females in his group, who often stayed in physical contact with him, something rarely observed to this extent in other groups. His gentle nature made him very attractive to females and contributed to his 20-year tenure as dominant male until his death in 2009.

Cantsbee, also a silverback, led his group for 22 years -- the longest dominance tenure ever recorded -- and fathered at least 28 offspring. He was known for his authoritative but peaceful nature, rarely initiating or entering fights, but was quick to protect others and resolve conflicts in the group. He had a particularly close relationship with his son Gicurasi, whose mother left when he was young, and who eventually took over leadership of the group in Cantsbee's final years. When Cantsbee later became ill, he chose to leave the group, spending his final months alone, except for one brief visit to the group shortly before his death.
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Ancient Andes society used hallucinogens to strengthen social order | ScienceDaily
Two thousand years before the Inca empire dominated the Andes, a lesser-known society known as the Chavin Phenomenon shared common art, architecture, and materials throughout modern-day Peru. Through agricultural innovations, craft production, and trade, Chavin shaped a growing social order and laid the foundations for hierarchical society among the high peaks.


						
But one of their most powerful tools wasn't farming. It was access to altered states of consciousness.

That's according to a new study that uncovered the earliest-known direct evidence of the use of psychoactive plants in the Peruvian Andes. A team of archaeologists from the University of Florida, Stanford University and South American institutions discovered ancient snuff tubes carved from hollow bones at the heart of monumental stone structures at Chavin de Huantar, a prehistoric ceremonial site in the mountains Peru.

By conducting chemical and microscopic analyses of the snuff tubes, the researchers revealed traces of nicotine from wild relatives of tobacco and vilca bean residue, a hallucinogen related to DMT. The leaders, it seems, wielded these substances not just for personal visions but to reinforce their authority.

Unlike communal hallucinogenic use common in other ancient cultures, Chavin's rituals were exclusive. Archaeologists discovered the snuff tubes in private chambers within massive stone structures that held only a handful of participants at a time, creating an air of mystique and control.

"Taking psychoactives was not just about seeing visions. It was part of a tightly controlled ritual, likely reserved for a select few, reinforcing the social hierarchy," said Daniel Contreras, Ph.D., an anthropological archaeologist at UF and co-author of the new study that revealed these rituals at Chavin.

These experiences were likely profound, even terrifying. To those who inhaled, the supernatural might have felt like a force beyond comprehension. And that was precisely the point. By controlling access to these altered states, Chavin's rulers established a potent ideology and convinced their people that their leadership was intertwined with mystical power and part of the natural order.




"The supernatural world isn't necessarily friendly, but it's powerful," Contreras said. "These rituals, often enhanced by psychoactives, were compelling, transformative experiences that reinforced belief systems and social structures."

Contreras has spent nearly thirty years studying the site as part of a team led by John Rick, Ph.D, professor emeritus at Stanford University. The team argue that these ceremonies were pivotal in shaping early class structures. Unlike forced labor societies, Chavin's builders likely believed in the grandeur of the monuments they were constructing, persuaded by these immersive rituals.

Those rituals extended beyond the use of psychedelics. Archaeologists have also uncovered trumpets made from conch shells and chambers seemingly designed to enhance the awe-inducing musical performances.

"One of the ways that inequality was justified or naturalized was through ideology -- through the creation of impressive ceremonial experiences that made people believe this whole project was a good idea," Contreras said.

Their study was published this week in the Proceedings of the National Academy of Sciences.

The findings help solve a century-old mystery about this site, located at an elevation of 10,000 feet. Since its first excavation over a hundred years ago, Chavin has been seen as related to both earlier, more egalitarian societies and the mountain-spanning empires ruled by powerful elites that came later.

Controlled access to mystical experiences helps explain this major social transition, a finding only made possible by decades of intense excavations and advanced analytical methods.

"It's exciting that ongoing excavations can be combined with cutting-edge archaeological science techniques to get us closer to understanding what it was like to live at this site," Contreras said.
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Black tea and berries could contribute to healthier aging | ScienceDaily
Higher intakes of black tea, berries, citrus fruits and apples could help to promote healthy ageing, new research has found.


						
This study conducted by researchers from Edith Cowan University, Queen's University Belfast and Harvard T.H. Chan School of Public Health, found that foods rich in flavonoids could help to lower the risk of key components of unhealthy ageing, including frailty, impaired physical function and poor mental health.

"The goal of medical research is not just to help people live longer but to ensure they stay healthy for as long as possible," ECU Adjunct Lecturer Dr Nicola Bondonno said.

"We know from previous research that people who have a higher flavonoid intake tend to live longer, and they are also less likely to get any of the major chronic diseases such as dementia, diabetes or heart disease.

"Our research shows that people who consume more flavonoids tend to age better."

The study, which analysed data from 62,743 women and 23,687 men over 24 years, found that women with the highest flavonoid intakes had a 15% lower risk of frailty, a 12% lower risk of impaired physical function, and a 12% lower risk of poor mental health compared to those with the lowest intakes. While fewer associations were observed in men, higher flavonoid intake was still linked to a lower risk of poor mental health.

"Flavonoids are well known for reducing oxidative stress and inflammation, supporting blood vessel health, and even helping to maintain skeletal muscle mass -- all of which are important for preventing frailty and maintaining physical function and mental health as we age," said senior author, Professor Aedin Cassidy from Queens University Belfast.

She added that regularly consuming flavonoid-rich foods -- such as berries, apples, red wine, oranges, and tea -- could support healthier aging by reducing the risk of frailty, physical decline, and poor mental health. The stronger associations observed in women may be due to differences in follow-up time between the two cohorts rather than true sex-specific effects, which remain underexplored in existing research.

"We found that participants who increased their intake of flavonoid-rich food by three servings a day, had a 6% to 11% lower risk across all three of the ageing outcomes in females, and a 15% lower risk of poor mental health in males.

"Overall, these findings underscore the potential for simple dietary modifications to impact overall quality of life and contribute to the optimisation of healthy aging," added Professor Eric Rimm from Harvard T.H. Chan School of Public Health.
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Biological particles may be crucial for inducing heavy rain | ScienceDaily
EPFL atmospheric and climate scientists show that biological particles may induce rain events that could contribute to flooding and snowstorms, owing to their ability to precipitate ice formation in clouds. They call for an update of meteorological and climate models.


						
Clouds form upon existing particles in the atmosphere and extreme weather events like flooding and snowstorms are related to production of large amounts of ice in clouds. Biological particles like pollen, bacteria, spores and plant matter floating in the air are particularly good at promoting ice formation in clouds, and EPFL climate scientists show that these particles concentrations evolve as temperatures rise and fall. The results are published in the Nature Portofolio Journal Climate and Atmospheric Sciences.

"Biological particles are very effective at forming ice in clouds, and the formation of ice is responsible for most of the precipitation the planet receives worldwide, because ice falls very quickly from the sky. Intense ice formation is also associated with extreme weather," explains Thanos (Athanasios) Nenes of EPFL's Laboratory of atmospheric processes and their impacts, whom lead the study together with postdoctoral researcher Kunfeng Gao. "Given our findings, weather and climate models absolutely need to take biological particles into account, especially since biological particles are expected to be present in larger amounts in the atmosphere as the climate warms up."

Indeed, current meteorological and climate models do not consider the effects of biological particles nor their cyclical nature, which means that they are potentially missing important modulators of clouds and drivers of precipitation in the current and future climate forecasts.

Mount Helmos, a case study for alpine regions

The study takes in account air samples and their biological content collected at Mount Helmos, an alpine area located in Greece. The mountain reaches an altitude of 2350m, has frequent cloud cover throughout the year, and is influenced by biological emissions from the alpine forest below. As temperatures rise throughout the day, pollen, bacteria, fungal spores and plant matter are released from the alpine forest, culminating midday when the sun is at its highest and reaching lows during the night.

"We find that the number of particles that can nucleate ice coincides with the number of biological particle counts and they both show strongly correlated diurnal periodicity, and the increased biological particles may contribute to cloud formation that can make them precipitate," concludes Gao.

Nenes, who participated at the IPCC scoping meeting in Malaysia to help define the chapters and shape the contents of the 7th IPCC Assessment Report, says, "the result comes with perfect timing." As scientific coordinator of the large European project CleanCloud, Nenes is currently leading a second campaign at Mount Helmos, called CHOPIN, which benefits from even more instrumentation to help identify the types of biological particles present in the atmosphere that induce cloud droplet and ice formation. A full suite of cloud radars, aerosol lidars, UAVs, tethered balloons and direct sampling of air (with and without clouds) is used to characterize -- with unprecedented detail -- how each biological particle contributes to cloud formation , and which ones are the most effective at doing so, in order to improve weather and climate predictions.

Nenes adds, "The data collected will not only be used for process understanding and model improvement, but also to improve or develop new algorithms used by satellites and ground-based remote sensing to study aerosols and clouds. We and the CleanCloud consortium as a whole will be working with the European Space Agency and our sister consortia CERTAINTY and AIRSENSE to help make the best use of the recently launched EarthCare satellite with the ultimate goal of understanding the role of aerosols on clouds and precipitation in a post-fossil world."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250505121805.htm



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            All Top News
          
          	
            Sections
          
          	
            Technology News
          
        

      

      Health News

      Top stories featured on ScienceDaily's Health & Medicine, Mind & Brain, and Living Well sections.


      
        AI-designed DNA controls genes in healthy mammalian cells for first time
        A recent study marks the first reported instance of generative AI designing synthetic molecules that can successfully control gene expression in healthy mammalian cells. As a proof-of-concept, the authors of the study asked the AI to design synthetic fragments which activate a gene coding for a fluorescent protein in some cells while leaving gene expression patterns unaltered. They created the fragments from scratch and dropped them into mouse blood cells, where the sequence fused with the genome...

      

      
        Non-inherited genes affect children's development
        Parents' genes -- even when not directly inherited by a child -- may play a role in their educational and mental health outcomes, finds a new report.

      

      
        Discovery of dopamine receptors in a previously overlooked part of the brain sheds light on the complex circuitry for anxiety and depression
        Researchers have discovered distinct roles for two dopamine receptors located on nerve cells within the portion of the brain that controls approach vs. avoidance behavior.

      

      
        Insights on preventing organ transplant rejection
        Researchers identified a natural 'brake' within the innate immune system: the inhibitory receptor Siglec-E (SigE) and its human counterparts, Siglec-7 and Siglec-9. This receptor helps prevent overactivation of immune cells that drive rejection. When this brake is missing, inflammation worsens, leading to faster rejection in preclinical models. Importantly, transplant patients with higher levels of Siglec-7 and Siglec-9 showed better graft survival, highlighting this pathway as a promising target...

      

      
        Dual-action approach targeting inflammation shows potential as Type 1 diabetes treatment
        A new strategy may help prevent or slow the progression of Type 1 diabetes.

      

      
        Warming climate making fine particulate matter from wildfires more deadly and expensive
        Scientists say human-caused climate change led to 15,000 additional early deaths from wildfire air pollution in the continental United States during the 15-year period ending in 2020.

      

      
        Are you curious? It might help you stay sharp as you age
        Psychology literature has shown that curiosity tends to decline with age. Psychologists shows one type of curiosity can increase well into old age, contradicting prior research. Older adults who maintain curiosity and want to learn new things relevant to their interests may be able to offset or even prevent Alzheimer's disease. Conversely, those who show muted curiosity and disinterest may be at risk for dementia.

      

      
        A pipette that can activate individual neurons
        Researchers have developed a new type of pipette that can deliver ions to individual neurons without affecting the sensitive extracellular milieu. Controlling the concentration of different ions can provide important insights into how individual brain cells are affected, and how cells work together. The pipette could also be used for treatments.

      

      
        Transforming hospital sanitation: Autonomous robots for wiping and UV-C disinfection
        A research team develops disinfection robot combining physical wiping and UV-C sterilization.

      

      
        Groundbreaking device instantly detects dangerous street drugs, offering hope for harm reduction
        Groundbreaking device instantly detects dangerous street drugs, offering hope for harm reduction A portable device that instantly detects illicit street drugs at very low concentrations, thereby highlighting the risks they pose. The device has the potential to address the growing global problem of people unknowingly taking drugs that have been mixed with undeclared substances, including synthetic opioids such as fentanyl and nitazenes.

      

      
        Viruses under the super microscope: How influenza viruses communicate with cells
        Influenza viruses are among the most likely triggers of future pandemics. A research team has developed a method that can be used to study the interaction of viruses with host cells in unprecedented detail. With the help of their new development, they have also analyzed how novel influenza viruses use alternative receptors to enter target cells.

      

      
        New algorithms can help GPs predict which of their patients have undiagnosed cancer
        Two new advanced predictive algorithms use information about a person's health conditions and simple blood tests to accurately predict a patient's chances of having a currently undiagnosed cancer, including hard to diagnose liver and oral cancers. The new models could revolutionize how cancer is detected in primary care, and make it easier for patients to get treatment at much earlier stages.

      

      
        Losing a parent may increase children's risk of being bullied
        A new study surveyed 21,000 children in China and found that the association between parental bereavement and school bullying varied by sex of the child and deceased parent, age when the death occurred, and geographical area. Adolescents in rural areas, girls, and older youth (ages 13-17) were at higher risk of bullying after either parent died.

      

      
        Scientists discover the genes that influence when babies start walking
        The age at which babies take their first steps is strongly influenced by their genes, according to new research. Scientists analyzed the genetic information of more than 70,000 infants. They identified 11 genetic markers influencing when babies start walking, thus offering multiple targets for future in-depth biological investigation.

      

      
        Knowing your Alzheimer's risk may ease anxiety but reduce motivation for healthy habits
        Learning about one's risk for Alzheimer's disease may not lead to emotional distress, but motivation to maintain healthy lifestyle changes tends to fade over time, even in people at high risk, according to a new study.

      

      
        Klotho: A protein that promotes healthy aging and improves longevity
        An international study has shown that increasing levels of the Klotho protein in mice extends lifespan and improves both physical and cognitive health when aging.

      

      
        Specialized face mask can detect kidney disease with just your breath
        Surgical face masks help prevent the spread of airborne pathogens and therefore were ubiquitous during the COVID-19 pandemic. Now, a modified mask could also protect a wearer by detecting health conditions, including chronic kidney disease. Researchers incorporated a specialized breath sensor within the fabric of a face mask to detect metabolites associated with the disease. In initial tests, the sensor correctly identified people with the condition most of the time.

      

      
        Risk groups for type 2 diabetes can also be identified at an older age
        A recent study found that six cardiometabolic risk groups previously identified in middle-aged individuals can also be applied to older adults without diabetes. Using data from the KORA F4/FF4 study of people aged 61 to 82, researchers identified clusters with varying risks of developing type 2 diabetes and related complications. One cluster, marked by high inflammatory load and insulin-resistant fatty liver, showed particularly high risk. The study highlights the importance of personalized risk ...

      

      
        Junk food for thought: Landmark study directly links ultra-processed foods to poor health
        A landmark study exploring consumption of chips, frozen pizzas, breakfast cereals and other ultra-processed foods typically loaded with fat, sugar and additives has confirmed these foods are directly and significantly linked to poor health outcomes.

      

      
        AI-human task-sharing could cut mammography screening costs by up to 30%
        The most effective way to harness the power of artificial intelligence when screening for breast cancer may be through collaboration with human radiologists -- not by wholesale replacing them, says new research.

      

      
        NFL players more likely to injure knee after shorter rest period
        National Football League (NFL) players may be more likely to sustain a specific type of knee injury if they have a shorter period of rest between games.

      

      
        Smart lactation pads can monitor safety of breast milk in real time
        Scientists have developed a lactation pad equipped with sensing technology that allows parents of newborns to monitor breast milk in real time. The device is capable of ensuring that breast milk contains safe levels of the painkiller acetaminophen, which is often prescribed after childbirth and can be transferred to breastfeeding infants.

      

      
        Piecing together the brain puzzle
        Our brain is a complex organ. Billions of nerve cells are wired in an intricate network, constantly processing signals, enabling us to recall memories or to move our bodies. Making sense of this complicated network requires a precise look into how these nerve cells are arranged and connected. A new method makes use of off-the-shelf light microscopes, hydrogel and deep learning.

      

      
        Birds form bonds that look a lot like friendship
        A study of starlings in Africa shows that they form long-term social bonds similar to human friendships.

      

      
        Climate change: Future of today's young people
        Climate scientists reveal that millions of today's young people will live through unprecedented lifetime exposure to heatwaves, crop failures, river floods, droughts, wildfires and tropical storms under current climate policies. If global temperatures rise by 3.5 C by 2100, 92% of children born in 2020 will experience unprecedented heatwave exposure over their lifetime, affecting 111 million children. Meeting the Paris Agreement's 1.5 C target could protect 49 million children from this risk. This is only for one birth year;...

      

      
        Teens driving older vehicles have increased risk for fatal crashes
        Researchers reviewed US national fatal crash data (2016-2021) and examined the vehicle age and driver assistance technologies of vehicles driven by teen and middle-aged drivers, and their associations with driver deaths during fatal crashes.

      

      
        AI model improves delirium prediction, leading to better health outcomes for hospitalized patients
        An artificial intelligence (AI) model improved outcomes in hospitalized patients by quadrupling the rate of detection and treatment of delirium. The model identifies patients at high risk for delirium and alerts a specially-trained team to assess the patient and create a treatment plan, if needed.

      

      
        Childhood brain tumors develop early in highly specialized nerve cells
        Medulloblastomas, brain tumors in children, are thought to develop between the first trimester of pregnancy and the end of the first year of life. Researchers have now analyzed the genetic changes of each individual cancer cell in tumor samples in order to reconstruct which genetic changes occur first during tumor development and when.

      

      
        A new class of molecules against cancer cells refractory to standard treatments
        A new class of molecules capable of killing the cancer cells that are refractory to standard treatments and responsible for recurrence has just been developed. This crucial advance in the fight against metastatic cancer is based on identifying the cellular site for ferroptosis initiation, a natural process, catalyzed by iron, that sparks the oxidative degradation of cell membranes.

      

      
        Neuroscientists pinpoint where (and how) brain circuits are reshaped as we learn new movements
        Brain researchers have identified a bridge between the thalamus and the cortex as the key area that is modified during motor learning functions. They found that such learning does much more than adjust activity levels, it sculpts the circuit's wiring, refining the conversation between brain regions.

      

      
        Scientists map tongue's sweet sensor, may lead to new ways to curb sugar cravings
        Scientists have mapped the 3-D structure of the human sweet taste receptor, the molecular machine that allows us to taste sweet things. This could lead to the discovery of new regulators of the receptor that would significantly alter our attraction to and appetite for sugar.

      

      
        A culturally adapted obesity prevention for Latino families
        A research team has adapted an intervention for childhood obesity prevention to better serve Latina mothers, non-maternal caregivers, and families of low-income backgrounds in Inland Southern California. The study could make significant contributions to public health by ensuring that early childhood obesity prevention strategies begin in infancy with infant feeding and are culturally and linguistically relevant for immigrant communities.

      

      
        Researchers restore antibiotic effect in the event of resistance
        Bacterial resistance negates the effect of antibiotics in the treatment of infection. Using mouse models, researchers now show that if antibiotics are administered with an enzyme called endolysin, the combined effect protects against infection by resistant bacteria in all bodily organs -- including the brain, which antibiotics alone have difficulty reaching.

      

      
        What's a healthy amount of sleep? It differs from one country to another
        Your optimal amount of sleep may depend on where you live, new research has found. An analysis of sleep data and health outcomes for nearly 5,000 people in 20 countries revealed that the hours of sleep required for good health varies significantly across different cultures, challenging the common belief that everyone needs the same amount. The study was the first to investigate whether people from countries with shorter sleep durations suffer from worse health, and it found no evidence that this ...

      

      
        A healthy diet in childhood is linked to starting menstrual periods later, regardless of BMI or height
        Eating a healthy diet as a child is linked to girls having their first menstrual period at an older age than those who consumed a less healthy diet, according to a new study. The findings remained unaltered by the girls' body mass index or height, both of which have been associated with the earlier onset of periods. The study has implications for health in later life as it is well known that women who started their periods at an early age may be at higher risk for diabetes, obesity, breast cancer...

      

      
        Study suggests we don't just hear music, but 'become it'
        Psychologists suggest our brains and bodies don't just understand music, they physically resonate with it. These discoveries, based on findings in neuroscience, music, and psychology, support Neural Resonance Theory (NRT).

      

      
        Accelerating drug discovery with a single carbon atom
        A research team has pioneered a groundbreaking method that could accelerate drug discovery and reduce pharmaceutical development costs. Their work introduces a safe, sustainable way to insert a single carbon atom into drug molecules at room temperature.

      

      
        Breakthrough discovery uses gut bacteria and AI to diagnose a chronic pain syndrome
        Researchers have developed AI technology that can detect patterns in gut bacteria to identify complex regional pain syndrome (CRPS) with remarkable accuracy, potentially transforming how CRPS is diagnosed and treated.

      

      
        How AI tools can improve manufacturing worker safety, product quality
        Recent artificial intelligence advances have largely focused on text, but AI increasingly shows promise in other contexts, including manufacturing and the service industry. In these sectors, targeted AI improvements can improve product quality and worker safety, according to a new study.

      

      
        Most people say they want to know their risk for Alzheimer's dementia, fewer follow through
        A new study examines the choices healthy research volunteers make when given the opportunity to learn their risk of developing Alzheimer's disease dementia. The researchers found a large discrepancy between the percentage of participants who said they would like to learn their risk if such estimates became available and the percentage who followed through to learn those results when given the actual opportunity.

      

      
        New chronic pain therapy retrains the brain to process emotions
        Researchers have created an effective therapy for chronic pain that reduces pain intensity by focusing on emotional regulation.

      

      
        Food as medicine: How diet shapes gut microbiome health
        Researchers show how mice fed a Western-style diet are not able to rebuild a 'healthy,' diverse gut microbiome following antibiotic treatment. These mice were also more susceptible to infection by pathogens like Salmonella. However, mice given food loosely mimicking a Mediterranean diet -- high in plant-based fiber from fruits, vegetables, and whole grains -- were able to quickly restore a healthy and resilient gut microbiome after antibiotics.

      

      
        Research advances on 'displacing' antibiotic resistance gene from bacteria
        Scientists have identified essential genetic code for a method called plasmid curing, which aims to 'displace' antibiotic resistance genes from bacteria.

      

      
        Social drinking also a well-worn path to alcohol use disorder
        When picturing a 'typical' alcoholic, people tend to imagine a person drinking at home alone. But that focus overlooks the social origins of many serious alcohol problems.

      

      
        Parent coaching sparks major communication growth in infants with social and communication delays
        A study found that targeted coaching for caregivers of infants as young as 8 months significantly enhances babies' communication and cognitive development.

      

      
        Cutting greenhouse gases will reduce number of deaths from poor air quality
        Up to 250,000 deaths from poor air quality could be prevented annually in central and western Europe by 2050 if greenhouse gas emissions are drastically reduced, say researchers.

      

      
        Low blood sugar contributes to eye damage and vision loss in diabetic retinopathy; experimental drug may help treat condition
        Scientists say they have determined that low blood sugar, or hypoglycemia, may promote a breakdown of the blood-retinal barrier, an important boundary that regulates the flow of nutrients, waste and water in and out of the retina.

      

      
        Evidence review raises concern about cannabis use in pregnancy
        A systematic evidence review finds that consuming cannabis while pregnant appears to increase the odds of preterm birth, low birth weight and infant death.

      

      
        Shingles vaccine lowers the risk of heart disease for up to eight years
        People who are given a vaccine for shingles have a 23% lower risk of cardiovascular events, including stroke, heart failure, and coronary heart disease, according to a recent study of more than a million people. The protective effect of the vaccine lasts for up to eight years and is particularly pronounced for men, people under the age of 60 and those with unhealthy lifestyles.

      

      
        A long and ongoing look at the secrets of human longevity and healthy aging
        It's notable when a scientific study reaches the decade mark, but when the topic is the healthy aging of people who have lived 10 times as long, it just means there's still a lot more to learn.
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AI-designed DNA controls genes in healthy mammalian cells for first time | ScienceDaily

The model then predicts which combination of DNA letters (A, T, C, G) are needed for the gene expression patterns required in specific types of cells. Researchers can then chemically synthesise the roughly 250-letter DNA fragments and add them to a virus for delivery into cells.

As a proof-of-concept, the authors of the study asked the AI to design synthetic fragments which activate a gene coding for a fluorescent protein in some cells while leaving gene expression patterns unaltered. They created the fragments from scratch and dropped them into mouse blood cells, where the sequence fused with the genome at random locations. The experiments worked exactly as predicted.

"The potential applications are vast. It's like writing software but for biology, giving us new ways of giving instructions to a cell and guiding how they develop and behave with unprecedented accuracy," says Dr. Robert Fromel, first author of the study who carried out the work at the Centre for Genomic Regulation (CRG) in Barcelona.

The study could lead to new ways for gene-therapy developers to boost or dampen the activity of genes only in the cells or tissues that need adjusting. It also paves the way for new strategies to fine-tune a patient's genes and make treatments more effective and reduce side effects.

The work marks an important milestone in in the field of generative biology. To date, advances in the field have largely benefited protein design, helping scientists create entirely new enzymes and antibodies faster than ever before. However, many human diseases stem from faulty gene expression that is cell-type specific, for which there might never be a perfect protein drug candidate.

Gene expression is controlled by regulatory elements like enhancers, tiny fragments of DNA which switch genes on or off. To fix faulty gene expression, researchers can comb through genomes looking for naturally-existing enhancers that happen to suit their needs, limiting themselves to the sequences evolution has produced.




AI-generated enhancers can help engineer ultra-selective switches that nature has not yet invented. They can be designed to have exactly the on/off patterns required in specific types of cells, a level of fine-tuning which is crucial for creating therapies that avoid unintended effects in healthy cells.

However, the development of AI models requires lots of high-quality data, which has been historically lacking for enhancers. "To create a language model for biology, you have to understand the language cells speak. We set out to decipher these grammar rules for enhancers so that we can create entirely new words and sentences," explains Dr. Lars Velten, corresponding author of the study and researcher at the Centre for Genomic Regulation (CRG).

The authors of the study created huge volumes of biological data to build their AI model by carrying out thousands of experiments with lab models of blood formation. They studied both enhancers and transcription factors, proteins also involved in controlling gene expression.

Until now, scientists studying enhancers and transcription factors typically used cancer cell lines because they are easier to work with. The researchers worked with healthy cells instead because it's more representative of human biology. Their work helped uncover subtle mechanisms that shape our immune system and blood cell production.

Over five years, the team synthesised more than 64,000 synthetic enhancers, each carefully designed to test different arrangements and strengths of binding sites for 38 different transcription factors. It's the largest library of synthetic enhancers ever built in blood cells to date.

Once inserted into the cells, the team tracked exactly how active each synthetic enhancer became across seven stages of blood-cell development. They discovered that while many enhancers activate genes in one type of cell, they repress genes in another.




Most enhancers worked like a volume dial, turning gene activity up or down. Surprisingly, certain combinations acted like on/off switches. The scientists call this "negative synergy," meaning two factors that usually turn a gene on individually could effectively shut that gene down when they occur together.

The data from the experiments was crucial in setting out the design principles of the machine learning model. Once the model had enough measurements of how each synthetic enhancer changed gene activity in real cells, it could predict new designs that yield on/off outcomes, even if these enhancers had never existed in nature.

The study was designed to determine if a technology can work in practice before committing to larger-scale research. The researchers have only scratched the surface. Both humans and mice have an estimated 1,600 transcription factors regulating their genomes.

The work was carried out by Lars Velten, Robert Fromel, Julia Ruhle, Aina Bernal Martinez, Chelsea Szu-Tu and Felix Pacheco Pastor, all members of Lars Velten's research group at the Centre for Genomic Regulation. Rosa Martinez Corral from the Barcelona Collaboratorium, a joint initiative between the CRG and EMBL-Barcelona, also took part. The research was funded by an ERC Starting Grant from the European Union and a grant of the Spanish National Agency for Research.
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Non-inherited genes affect children's development | ScienceDaily
Parents' genes -- even when not directly inherited by a child -- may play a role in their educational and mental health outcomes, finds a new report by UCL researchers.


						
The report, Understanding the intergenerational transmission of educational (under)achievement, which was funded by the Nuffield Foundation, evaluated how parental genetics can influence child development through the environment provided by their parents (for example, reading habits or access to better resources), also known as "genetic nurture" or "indirect genetic effects."

The researchers reviewed 12 published studies, involving 38,654 families from the UK, Australia, the Netherlands, Iceland and the United States, alongside performing an original analysis using genetic data from 4,580 families in the UK.

They then used a statistical tool called polygenic scoring to summarise the cumulative effect of hundreds of thousands of genetic variants across the genome (a person's complete set of genetic instructions) that are associated with particular traits, such as educational attainment.

They found that parental polygenic scores for education had a strong effect on children's educational outcomes, such as years of education completed or school grades, even after accounting for genetic transmission.

This is because parents with a higher genetic predisposition toward education may be more likely to read to their children or invest in learning resources. These behaviours can positively affect the child, regardless of whether they inherited the relevant genes.

The researchers also found a tentative link between non-inherited genes and mental health traits, including hyperactivity and inattention, emotional symptoms, conduct problems, and peer problems, or prosocial behaviour (e.g. helping others, sharing, showing empathy, and comforting someone in distress).




The strongest effects were found around the age of three and involved parental genetic predispositions for traits such as motivation, perseverance, emotional regulation, and self-control (e.g. non-cognitive skills).

This finding suggests that parents with better non-cognitive skills may be especially able to support their children early in life.

For both educational and mental health related outcomes, indirect genetic influences were stronger in early childhood.

Co-investigator Dr Jose J. Morosoli (UCL Psychology & Language Sciences) said: "Through this project, we show how genetics and environment are deeply intertwined, challenging the idea that inherited genetics alone determine outcomes.

"We found that both direct inheritance of genes and the environment shaped by parents' genetics influence children's education and mental health. Ignoring these indirect genetic effects can lead to misleading conclusions.

"Additionally, the impact of genetics and environment changes as children grow, suggesting that early interventions focusing on parents might prove fruitful, while later efforts could benefit from targeting the children themselves."

When the team accounted for family socioeconomic status and parental education, indirect genetic effects dropped by approximately 75%.




This suggests that the effect of non-inherited genes was largely explained by family socioeconomic position and parental education.

For example, parents with higher socioeconomic status and education levels may have access to the necessary resources to provide their children with opportunities linked to better outcomes -- regardless of genetic factors.

As a result, the researchers are calling for future studies to explore the specific resource-based disparities that drive educational underachievement.

Principal investigator Professor Jean-Baptiste Pingault (UCL Psychology & Language Sciences) said: "Our findings echo evidence that family resources and opportunities partly shape children's developmental outcomes -- further illustrating the importance of providing consistent and developmentally appropriate support to children and their families.

"This research supports the UK Government's calls for life-course approaches to mental health and development, highlighting the importance of early intervention and sustained support throughout childhood."

Study limitations

It is critical to stress that the genetic effects found in the report are small and not deterministic. They cannot be used to make individual predictions or guide education policy. The value of this work lies in improving our understanding of human development and informing better research into the causes of traits and behaviours, especially research aiming to understand the interplay between social and biological factors
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Discovery of dopamine receptors in a previously overlooked part of the brain sheds light on the complex circuitry for anxiety and depression | ScienceDaily
Mount Sinai researchers have discovered distinct roles for two dopamine receptors located on nerve cells within the portion of the brain that controls approach vs. avoidance behavior. These receptors potentially influence anxiety and mood disorders whose origins are still unclear.


						
The team characterized the function of D1 and D2 dopamine receptors in the ventral hippocampus of mice, a region involved in the regulation of emotions and stress responses. Their work expands the field's knowledge of dopamine signaling beyond its well-known actions in other brain regions that influence reward and motivation, and sets the stage for future research into dopamine dysregulation in a range of anxiety and depressive disorders. The results of the study appeared in the May 7 issue of Nature.

"Healthy and dysregulated emotional processing related to an individual's ability to resolve conflict between approach and avoidance when making decisions on a moment-by-moment basis have long implicated the hippocampus," says senior author Eric J. Nestler, MD, PhD, Nash Family Professor of Neuroscience and Director of The Friedman Brain Institute at the Icahn School of Medicine at Mount Sinai, and Chief Scientific Officer of the Mount Sinai Health System. "Ours is the first comprehensive, functional study of newly discovered D1 and D2 expressing cells in the ventral hippocampus. We demonstrate that dopamine is more important in that area of the brain than previously believed and, moreover, that it conveys information related to decision-making under stressful conditions."

The hippocampus coordinates decision-making in anxiety-inducing situations, like when an individual has to choose whether to obtain food or drink under threatening situations. Such approach/avoidance dilemmas, where a particular goal has both desirable and potentially undesirable consequences, can cause excessive fear, confusion, and anxiety in humans.

The Mount Sinai team investigated the influence of dopamine signaling within the ventral hippocampus on approach/avoidance behavior in male mice. Researchers learned that D1 and D2 dopamine receptors expressed in different neuronal populations are called into play to help execute approach/avoidance decisions. These receptors and the cells that express them mediate opposite approach/avoidance responses, and are differentially impacted by dopamine transmission in that region of the brain.

The team was surprised to learn that the neuronal cells that express D1 and D2 receptors, which are most highly enriched in the striatum -- a critical part of the motor and reward system -- are also relevant in the hippocampus. Another unexpected behavioral observation was that mice whose D2 cells were artificially activated became much less fearful.

"These discoveries underscored for us that dopamine is an important component of the hippocampal circuitry and that dopamine signaling should be reconsidered in many brain regions where it was previously overlooked, especially those associated with learning, memory, and emotional behavior," notes Dr. Nestler, whose considerable research over the years has been designed to better understand the molecular mechanisms of drug addiction and depression. "Our work further implicates dopamine dysregulation in anxiety and mood disorders."

Dr. Nestler credits the study's two co-first authors, Arthur Godino, PhD, a graduate student and later postdoctoral fellow, and Marine Salery, PhD, a postdoctoral fellow, and the rest of the large research team for the creative advances made in this investigation.




The next step for Dr. Nestler and his team is to show precisely how the dopamine-hippocampus circuit that modulates approach/avoidance is dysregulated in several stress-related conditions, such as anxiety disorders and major depressive disorders (which involve increased avoidance) and in drug addiction (where individuals seek drug rewards despite harmful consequences).

"By helping to delineate the neuromodulatory circuits that govern these disorders," says Dr. Nestler, "we're taking an essential step toward addressing a leading cause of disability in humans worldwide."

This work was funded by grants from the National Institute on Drug Abuse, National Institute of Mental Health, and Hope for Depression Research Foundation.
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Insights on preventing organ transplant rejection | ScienceDaily
Current treatments to prevent organ transplant rejection focus mainly on suppressing T cells, part of the adaptive immune system. However, the innate immune system -- the body's first line of defense that triggers early inflammation after transplantation -- has largely remained untargeted by modern therapies.


						
In a new study, researchers from Mass General Brigham identified a natural "brake" within the innate immune system: the inhibitory receptor Siglec-E (SigE) and its human counterparts, Siglec-7 and Siglec-9. This receptor helps prevent overactivation of immune cells that drive rejection. When this brake is missing, inflammation worsens, leading to faster rejection in preclinical models. Importantly, transplant patients with higher levels of Siglec-7 and Siglec-9 showed better graft survival, highlighting this pathway as a promising target for new therapies. Results are published in Science Translational Medicine.

"For decades, we've focused almost exclusively on controlling T cells to prevent rejection," said Leonardo Riella, MD, PhD, medical director of Kidney Transplantation at Massachusetts General Hospital (MGH), a founding member of the Mass General Brigham healthcare system. Riella is also the Harold and Ellen Danser Endowed Chair in Transplantation at Harvard Medical School. "Our research shows that the innate immune system plays a pivotal role. By harnessing natural inhibitory pathways like Siglec-E, we can develop safer, more precise therapies that protect transplanted organs without compromising overall immune health."

To conduct their studies, the researchers, led by first author Thiago J. Borges, PhD, of the Center for Transplantation Sciences at MGH, used mouse models of heart, kidney, and skin transplantation to study the roles of SigE, the murine equivalent of Siglec-7 and Siglec-9. Recipients deficient in SigE had accelerated acute rejection and increased inflammation. The researchers also looked at the levels of the receptors in samples from human transplant biopsies, finding that higher levels of the receptors were associated with improved allograft survival, suggesting that the findings in mice will be translatable to organ transplants in humans.

"This discovery paves the way for next-generation treatments that address both arms of the immune system, offering hope for longer-lasting transplant success and reducing the need for lifelong immunosuppression," said Riella.
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Dual-action approach targeting inflammation shows potential as Type 1 diabetes treatment | ScienceDaily
A study co-led by Indiana University School of Medicine researchers presents a potential new strategy to prevent or slow the progression of Type 1 diabetes by targeting an inflammation-related protein known to drive the disease. The findings, recently published in eBioMedicine, may help inform clinical trials of a drug that is already approved by the U.S. Food and Drug Administration for psoriasis as a treatment for Type 1 diabetes.


						
Type 1 diabetes is a lifelong condition in which the immune system mistakenly attacks and destroys insulin-producing beta cells in the pancreas. The loss of these cells leads to high blood sugar levels and requires ongoing insulin therapy and careful monitoring to avoid severe health complications.

In laboratory studies using human cells and mouse models, the researchers found that applying a molecular method to block inflammation signaling through the tyrosine kinase 2 (TYK2) protein reduced harmful inflammation in the pancreas. This strategy not only protected the beta cells in the pancreas but also reduced the immune system's attack on those cells. A medication that inhibits TYK2 is already approved for the treatment of psoriasis, an autoimmune condition that causes skin inflammation.

"Our study showed that targeting TYK2 could be a powerful way to protect insulin-producing beta cells while calming inflammation in the immune system at the same time," said Carmella Evans-Molina, MD, PhD, co-author of the study and director of the Indiana Diabetes Research Center and the Eli Lilly and Company Professor of Pediatric Diabetes at the IU School of Medicine. "This finding is exciting because there is already a drug on the market that does this for psoriasis, which could help us move more quickly toward testing it for Type 1 diabetes."

Past genetic studies have already shown that people with naturally lower TYK2 activity are less likely to develop Type 1 diabetes, further supporting the group's approach for future treatments using this TYK2 inhibitor approach.

"Our preclinical models suggest that the treatment might work in people as well," said Farooq Syed, PhD, lead author of the study and assistant professor in the Department of Diabetes-Immunology at the Arthur-Riggs Diabetes and Metabolic Research Institute of the City of Hope. "The next step is to initiate translational studies to evaluate the impact of TYK2 inhibition alone or in combination with other already approved drugs in individuals at-risk or with recent onset Type 1 diabetes."

Syed conducted the research while working in the Evans-Molina lab at the Center for Diabetes and Metabolic Diseases and the Herman B Wells Center for Pediatric Research at the IU School of Medicine. The Evans-Molina lab partnered on this study with Decio Eizirik, MD, PhD, a professor at the Universite Libre de Bruxelles Center for Diabetes Research and other international collaborators. The research team hopes their findings will support future clinical trials to safely assess the efficacy of a new drug or drug combination in humans.

Additional IU study authors include Chih-Chun Lee, Jyoti Rana, Preethi Krishnan, Staci A. Weaver, Garrick Chang, Namratha Shivani Chalasani, Kara Orr and Jamie L. Felton. Other study authors include Olivia Ballew, Stephane Demine and Donalyn Scheuner from the Indiana Biosciences Research Institute; Angela Castela, Maria Ines Alvelos and Alexandra Coomans de Brachene of the ULB Center for Diabetes Research; Sofia F. Thomaidou and Arnaud Zaldumbide of Leiden University Medical Center; Lorella Marselli and Piero Marchetti of University of Pisa; and Jing Liu of Purdue University.
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Warming climate making fine particulate matter from wildfires more deadly and expensive | ScienceDaily
Scientists say human-caused climate change led to 15,000 additional deaths from wildfire air pollution in the continental United States during the 15-year period ending in 2020.


						
About 35% of the additional deaths attributed to climate change occurred in 2020, the year of the historic Labor Day fires in the Pacific Northwest as well as major blazes in California, Colorado and Arizona.

The study, led by an Oregon State University researcher and published in Nature Communications Earth & Environment, is the first to quantify how many people are dying because a warming climate is causing fires to send increasing amounts of fine particulate matter into the air, especially in the West.

The scientists estimate that during the study period a total of 164,000 deaths resulted from wildfire PM2.5, particles with a diameter of 2.5 micrometers or smaller that can be inhaled deeply into the lungs and even enter the bloodstream. They determined that 15,000 of those deaths were attributable to climate change -- meaning that absent climate change, the total would have been 149,000.

The average annual death rate from wildfire PM2.5 during the study period was 5.14 per 100,000 people; by comparison, that's roughly double the annual U.S. death rate from tropical cyclones such as hurricanes

The research also found a $160 billion economic burden associated with those 15,000 extra wildfire PM2.5 deaths. Economic burden from mortality considers factors such as productivity losses, health care costs and a concept known as value of a statistical life that assigns a monetary value to reduction in mortality risk.

The study, which looked at mortality risk on a county-by-county basis, showed the economic burden was greatest in California, Oregon and Washington.




"Without efforts to address climate change, wildfires and associated fine particulate matter will continue to increase," said Bev Law, professor emerita in the OSU College of Forestry and the study's leader. "Projections of climate-driven wildfire PM2.5 across the continental U.S. point to at least a 50% increase in mortality from smoke by midcentury relative to the decade ending with 2020, with resulting annual damages of $244 billion."

Using publicly available datasets, Law and collaborators looked at how much additional area burned and how many people died from climate-change related wildfire PM2.5 during the 2006-20 study period, integrating climate projections, climate-wildfire models, wildfire smoke models, and emission and health impact modeling.

The authors note that as climate change exacerbates wildfire risk, PM2.5 emissions from fires have surged to the point that wildfires now account for almost half of all PM2.5 across the United States and have negated air quality improvements in multiple regions. They also say that absent abrupt changes in climate trajectories, land management and population trends, the impacts of climate change on human health via wildfire smoke will escalate.

"Exposure to PM2.5 is a known cause of cardiovascular disease and is linked to the onset and worsening of respiratory illness," Law said. "Ongoing trends of increasing wildfire severity track with climate projections and underscore how climate change manifestations like earlier snowmelt, intensified heat waves and drier air have already expanded forest fire extent and accelerated daily fire growth rates."

Researchers at the University of California, Merced, the U.S. Environmental Protection Agency, the Woodwell Climate Research Center and Beth Israel Deaconess Medical Center of Harvard Medical School also took part in the study.
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Are you curious? It might help you stay sharp as you age | ScienceDaily
What is the trick to aging successfully? If you're curious about learning the answer, you might already be on the right track, according to an international team of psychologists including several from UCLA. Their research shows that some forms of curiosity can increase well into old age and suggests that older adults who maintain curiosity and want to learn new things relevant to their interests may be able to offset or even prevent Alzheimer's disease. Conversely, those who show muted curiosity and disinterest may be at risk for dementia. The finding contradicts prior research that showed that curiosity decreases with age.


						
"The psychology literature shows that oftentimes what's known as trait curiosity, or a person's general level of curiosity, tends to decline with age," said UCLA psychologist Alan Castel, who is the senior author of a new paper published in the journal PLOS One. "But we thought that was a little bit strange and went against some of the things we saw in some of the older adult participants in our experiments, who would often be very engaged and interested in learning about memory, specifically, but even other forms of trivia."

Castel and Mary Whatley, who led the research as a doctoral student at UCLA and is now an assistant professor of psychology at Western Carolina University, and colleagues Kou Murayama and Michiko Sakaki at the University of Tubingen and Kochi University of Technology, wondered if the answer lay in a different type of curiosity called state curiosity.

State curiosity is what psychologists call the kind of momentary feeling of curiosity people experience when they are asked about specific topics. Trait curiosity, on the other hand, is a personality trait. Some people, for example, might not be very inquisitive by nature, being content to accept things more or less at face value (trait curiosity), but have a passionate thirst for knowledge in specific topics or hobbies (state curiosity). All people possess varying degrees of both trait and state curiosity.

To tease apart the two types of curiosity, the researchers recruited a large sample of participants between the ages of 20 and 84, with an average age of 44, to complete an online questionnaire designed to assess how curious they were in general, or their trait curiosity. Then, to test state curiosity, the researchers asked the participants to guess the answers to hard trivia questions that most people were unlikely to already know -- e.g., What was the first country to give women the right to vote? The researchers asked people to guess an answer, then asked participants how interested they were to know the answer before showing the correct answer (if you are curious: New Zealand).

Analysis showed that the two kinds of curiosity are correlated: People who have more state curiosity also experience more trait curiosity, and vice versa. In general, trait curiosity did decline across the adult lifespan. However, the interest ratings people gave in learning new information from trivia -- a measure of state curiosity -- declined in early adulthood, then increased sharply after middle age and continued upward well into old age. The finding, Castel said, mirrors research that shows a dip in happiness in midlife.

One reason for the discrepancy, the researchers suggest, is that until middle age, people are usually interested in acquiring the knowledge, skills and opportunities they need to succeed at school and their jobs, pay mortgages and raise families, and thus a fairly high level of overall curiosity is needed. These obligations also come with stressors that could contribute to a decline in overall happiness. But as they age and gather this knowledge, they don't need to allocate as many resources to trait curiosity. As their children leave home and they begin to retire, for example, people can indulge specific interests, and state curiosity increases.




"Our findings fit with some of my work on selectivity theory, which is that as we get older, we don't want to stop learning, we're just more selective about what we want to learn," Castel said. "You see this in the context of lifelong learning: A lot of older adults will go back to take classes or pick up hobbies or engage in bird watching. I think it shows that this level of curiosity, if maintained, can really keep us sharp as we age."

Castel said that his research on memory has shown that people tend to quickly forget information that doesn't engage their curiosity.

"As we get older, maybe we want to be focused on the things that are important, and we forget the things that are less relevant," Castel said. "Anecdotally, a lot of older adults I speak to say that it's important to stay curious. That fits with some of the research that shows that people who have early stages of dementia might show disinterest in things that they once enjoyed."

This work was supported in part by the National Institutes of Health's National Institute on Aging, the Leverhulme Trust and the Alexander von Humboldt Foundation.
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A pipette that can activate individual neurons | ScienceDaily
Researchers at Linkoping University have developed a new type of pipette that can deliver ions to individual neurons without affecting the sensitive extracellular milieu. Controlling the concentration of different ions can provide important insights into how individual braincells are affected, and how cells work together. The pipette could also be used for treatments. Their study has been published in the journal Small.


						
"In the long term, this technology could be used to treat neurological diseases such as epilepsy with extremely high precision," says Daniel Simon, professor at Linkoping University, LiU.

The human brain consists of about 85 to 100 billion neurons. It also has roughly the same amount of brain cells that support neuron function with, for example, nutrition, oxygen and healing. These cells are called glial cells and can be divided into many subgroups. Between the cells there is a fluid-filled space called the extracellular milieu.

The difference between the milieu inside the cells and that outside is important for cell function and one important aspect is the transport of different types of ions between the two milieus. For example, neurons are activated when the concentration of potassium ions changes.

It is known that a change in the whole extracellular milieu affects neuron activity and thereby brain activity. However, it has so far not been known how local changes in ion concentration affect individual neurons and glial cells.

Previous attempts to change the extracellular milieu have primarily involved pumping in some form of liquid. But this means that the delicate biochemical balance is disturbed, making it difficult to know whether it is the substances in the fluid, the changed pressure or the extracellular fluid swirling around that leads to the activity.

To get around the problem, researchers at the Laboratory of Organic Electronics, LOE, at LiU developed a micropipette measuring only 2 micrometres in diameter. For comparison, human hair measures 50 and a neuron about 10 micrometres in diameter.




Using this so-called iontonic micropipette, the researchers can add only ions, such as potassium and sodium, to the extracellular milieu to see how this affects the neurons. Glial cell, specifically astrocyte, activity is also measured.

"Glial cells are the cells that make up the other -- chemical -- half of the brain, which we don't know much about because there has been no way to precisely activate those cells, as they don't respond to electrical stimulation. But both neurons and glial cells can be stimulated chemically," says Theresia Arbring Sjostrom, assistant professor at LOE.

The experiments were conducted on slices of hippocampus brain tissue from mice.

"The neurons didn't respond as quickly to the change in ion concentration as we had initially expected. However, the astrocytes responded directly and very dynamically. Only when these were "saturated" were the nerve cells activated. This highlighted the fine-tuned dynamics between different types of cells in the brain in a way that other technologies haven't managed to do," says Theresia Arbring Sjostrom.

Somewhat simplified, you can say that the pipette is manufactured by heating up a glass tube and pulling it to the breaking point. This produces a very thin and tapered tip. This type of micropipette is usually used in neuroscience to create and measure electrical activity in the brain. The LiU researchers' iontronic micropipette has a tip filled with a specially adapted ion-exchange membrane, which makes it possible to create activity by chemical means. Other than that, it looks identical to the traditional micropipette, and is controlled in a similar way.

"The advantage is that tens of thousands of people around the world are familiar with this tool and know how to handle it. Hopefully this will make it useful sooner," says Daniel Simon.

The next step is to continue studying chemical signalling in both healthy and diseased brain tissue using the micropipette. The researchers also want to develop the delivery of medical drugs and study its effect against neurological diseases such as epilepsy.
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Transforming hospital sanitation: Autonomous robots for wiping and UV-C disinfection | ScienceDaily
Professor Keehoon Kim and Ph.D. candidate Jaewon Byun from the Department of Mechanical Engineering at POSTECH (Pohang University of Science and Technology) have developed an "Intelligent Autonomous Wiping and UV-C Disinfection Robot" capable of automating hospital disinfection processes. This research was conducted in collaboration with Korea Institute of Science and Technology (Sangrok Oh, Director of Research Division, and Dr. Jinwoo Jung), the Korea Institute of Robot and Convergence (Goobong Chung, Vice President, and Dr. Youngho Choi), Elphoton Co., Ltd. (Eunhyun Park, CEO, and Dr. Kyungmin Kim), and the Infection Control Team at Pohang St. Mary's Hospital (Jaemyung Kang and Eunjung Kim).


						
The COVID-19 pandemic has underscored the critical importance of thorough disinfection, particularly within hospital environments. Given the increased awareness of the importance of disinfection, concerns surrounding labor shortages due to physical fatigue and risk of exposure to pathogens have been raised. Moreover, individuals' compliance with manually conducted disinfection tasks tends to vary, and human performance is inconsistent. Furthermore, existing technologies, such as UV-C robots and hydrogen peroxide vapor systems, have inherent limitations in completely removing contaminants hidden in obscured or hard-to-reach areas.

To address these challenges, the research team developed an autonomous robot capable of both navigating hospital environments and performing disinfection tasks. A key feature of the robot is its dual disinfection system: first, it utilizes a robotic manipulator to physically wipe surfaces and remove contaminants; second, it employs UV-C irradiation to disinfect hard-to-reach corners and narrow spaces.

The robot's performance was validated through real-world testing at Pohang St. Mary's Hospital. The team conducted bacterial culture experiments to confirm the effectiveness of disinfection and carried out repeated autonomous operations to verify its long-term usability in clinical settings.

One of the robot's most significant advantages is its ability to automate time-consuming and repetitive disinfection tasks, enabling healthcare professionals to devote more attention to patient care. Additionally, unlike variability in human performance, the system can perform disinfection with consistent precision, significantly reducing the risk of infection within the hospital. Precision control algorithms minimize operational failures, while the integration of a self-sanitizing station and wireless charging system ensures sustained disinfection operations.

Professor Keehoon Kim emphasized, "Although COVID-19 has transitioned into an endemic phase, it remains essential to prepare for future pandemics. We will continue advancing this disinfection robot technology beyond hospitals to public facilities, various social infrastructures, and everyday environments to further reduce infection risks."

This work was supported by the National Research Foundation of Korea(NRF) grant funded by the Korea government(MSIT) (Project Director: Dr. Sang-Rok Oh, Korea Institute of Science and Technology).
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Groundbreaking device instantly detects dangerous street drugs, offering hope for harm reduction | ScienceDaily
A portable device that can instantly detect dangerous street drugs at extremely low concentrations has been developed at the University of Bath in the UK.


						
The device, which is being trialled by drug-checking services in the UK, Norway and New Zealand, can identify substances such as benzodiazepines and synthetic opioids that are difficult to detect with existing mobile technologies and are major contributors to drug overdoses globally.

The device, which is similar to an ultraviolet spectrometer, will allow drugs to be tested cheaply and at volume. Its on-the-spot analysis reveals both the contents of a substance and the concentration of each ingredient. The technology is described today in the scientific journal Analytical Chemistry.

Biochemist Professor Chris Pudney -- who leads the team that developed the technology from the Department of Life Sciences at Bath -- says the potential life-saving benefits of this invention are considerable. By using the device to reveal the precise composition of an illicit substance, the risks associated with taking unknown or adulterated drugs can be reduced significantly.

Professor Pudney envisions the new machine being deployed in areas where illicit drugs are commonly used, such as at clubs and festivals, as well as in services that provide support and treatment for dependent-drug users.

Testing times

Detecting substances at low concentrations is more challenging than identifying larger quantities of highly pure substances. The equipment currently available for this task often requires extensive training and can only be operated by chemists.




By contrast, the device invented by Professor Pudney can be operated by a non-expert, yielding results with the simple press of a button, and can detect drugs at extremely low concentrations. This allows it to determine the potency of a formulation and identify any contamination with undeclared substances. Many 'red flag' substances, including synthetic opioids such as nitazenes and fentanyl, are toxic even in minute quantities, and being able to detect them is critical to saving lives.

Professor Pudney said: "Whatever we're doing at the moment to prevent deaths from drug misuse isn't working so we need a new kind of service that can be where it's needed -- cheaply, easily and anywhere.

"Our device would support community harm reduction. Telling people not to take drugs doesn't work, so different strategies are needed. By letting people know exactly what's in a drug and how strong it is, we can empower them to make safer decisions about whether or not to take it, or to use it in a safer way."

Drug adulteration

Globally, there is a growing problem of people unknowingly taking street drugs that have been mixed with undeclared substances. For instance, illicit pills containing benzodiazepines (which can produce feelings of euphoria, relaxation and calmness in the user) can be contaminated with synthetic opioids, turning them into ultrapotent mixtures that dramatically increase the risk of adverse effects and fatal overdoses.

The rise of potent synthetic drugs has made the landscape of drug use particularly dangerous, essentially presenting people who believe they are taking a known dosage of a known drug with a 'Russian roulette' of risk.




Professor Pudney said: "Now, more than ever, there are serious health risks associated with taking all drugs. People may think they have bought something relatively unharmful -- perhaps a substance they know well -- but the drug they have may in fact be contaminated with a far more dangerous and more addictive substance that could endanger their lives.

"This is why drug checking is so important and so needed. We need simple, instant detection that anyone in a drug and alcohol service can use to support their clients."

Deaths in England and Wales from drug poisoning have increased year on year, rising from 4,359 in 2018 to 4,907 in 2023 (these figures include both illicit drug use and prescription drug misuse).

Local and international trials

The new technology -- currently a prototype -- is being trialled by drug services both in the UK and internationally.
    	Devon & Cornwall Police, UK

A device acquired by Devon & Cornwall Police (UK) in June 2024 has allowed the force to fast-track suspicious substances linked to near-fatal and fatal overdoses. This lets them provide real-time drug warnings to drug treatment services in the area, rather than waiting for several months for results from forensic drug-detection service providers.

Nick Burnett, drug expert witness for Devon & Cornwall Police, said: "A prime example of this was testing of some oxycodone tablets in 2024 following a death. The tablets were found to contain a nitazene. We were able to put out a drug warning within 36 hours of that death occurring."

He added that the technology had improved the police's working relationship with its drug treatment services, especially in relation to information sharing and where necessary the issuing of drug warnings.
Unlike in New Zealand, drug checking services in the UK require a Home Office license for the possession of controlled drugs to operate legally. To date, The Loop Drug Checking Service is the only community-based drug-checking service in the UK that has been granted a licence. It has been operating in Bristol since 2024, and uses, alongside other analytical technologies, Professor Pudney's device.

Katy Porter, CEO of The Loop said: "We have been pleased to work alongside the team at the University of Bath to explore the use and potential of the device in drug checking services and for the purpose of reducing drug-related harms. We share the concerns regarding the changing drug market in the UK and working together to ensure drug checking is accessible and available to more people."
    	Drug-checking service, New Zealand

For two weeks last year, hundreds of drug samples were tested in New Zealand using Professor Pudney's new device as part of an initiative involving the country's three front-line drug-checking services: the Needle Exchange Programme, the New Zealand Drug Foundation and KnowYourStuffNZ. New Zealand is one of few countries in the world where drug-checking services are explicitly legal.

KnowYourStuffNZ deputy manager Dr Jez Weston said: "The spectrometers that we use are currently the best tech for mobile drug analysis, but science moves ever on. The University of Bath's new technology could help us help our clients with better and faster analysis of their samples."
    	Drug-checking service, Norway

The device is also being trialled by the Association for Safer Drug Policies (ASDP) in Norway. Norway is another country that operates community-based drug checking.

Dagfinn Hessen Paust, chief scientific officer at the ASDP -- a leading advocate for harm prevention and evidence-based drug policies in Norway and the Nordics -- said: "We use a number of different technologies to check drugs, mostly using infrared spectrometry, which is great for most use cases but not for testing benzodiazepines and very potent, very dangerous opioids. These substances -- unlike, say MDMA -- are found in very low concentrations in the tablets people consume and cannot be picked up by established devices.

"The new device from Bath is helping us fill this gap -- it's very exciting for us to be trialling this new technology."

Shining light

The new technology from Bath works through a combination of fluorescence and reflectance spectroscopies.
    	Fluorescence is a technique that involves shining light on a substance and measuring the light that the substance emits in response. Different substances emit light in unique ways, which makes it possible to identify them.
    	Reflectance Spectroscopy is a technique that measures the light bouncing off a substance. The way light is reflected provides information about the substance's properties.

The device is trained using a deep-learning algorithm, meaning it is exposed to a library of Nanoparticle Spectroscopy (NPS) light patterns from which it learns to make accurate identifications.

Professor Pudney said: "Our aim is for this device to support drug-checking services, as a means to decrease the harm caused by drugs across different groups. The landscape of drug use is changing rapidly and we hope this tool can fill some of the gaps that are emerging."
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Viruses under the super microscope: How influenza viruses communicate with cells | ScienceDaily
Influenza viruses are among the most likely triggers of future pandemics. A research team from the Helmholtz Centre for Infection Research (HZI) and the Medical Center -- University of Freiburg has developed a method that can be used to study the interaction of viruses with host cells in unprecedented detail. With the help of their new development, they have also analyzed how novel influenza viruses use alternative receptors to enter target cells. The results were recently published in two papers in the journal Nature Communications.


						
Viruses have no metabolism of their own and must therefore infect host cells in order to replicate. Contact between the virus and the cell surface is a crucial first step, which can also prevent infections if entry into the cells is blocked. "The interaction with a host cell is dynamic and transient for influenza viruses. In addition, associated processes occur at the nanoscale, requiring super-resolution microscopes for a more precise investigation. Using conventional approaches, it has therefore not been possible to investigate this important first contact in more detail," says Prof. Christian Sieben, head of the junior research group "Nano Infection Biology" at HZI, explaining the challenge the team has faced.

In collaboration with Prof. Mark Bronstrup's department "Chemical Biology" at HZI, his team has developed a universal protocol to investigate how viruses communicate with host cells. To do this, the scientists immobilized viruses individually on microscopy glass surfaces. Cells were then seeded on top. In conventional experiments, the viruses are added on top of pre-seeded cells. "The advantage of our 'upside-down' experimental setup is that the viruses interact with cells but do not enter them -- the critical moment of initial cell contact is thus stabilized and can be analyzed," says Sieben.

Using the example of a seasonal influenza A virus, the researchers used high-resolution and super-resolution microscopy to show that contact between the virus and the cell surface triggers a cascade of cellular reactions. First, the cellular receptors accumulate locally at the virus binding site. This is due to the fact that the receptors move more slowly through the cell membrane near the binding site and are therefore more abundant locally. Subsequently, specific cellular proteins are recruited and finally the actin cytoskeleton is dynamically reorganized.

However, the researchers applied their method not only to an established influenza A model, but also to a novel influenza strain of animal origin: the H18N11 virus, which is found in bats in Central and South America. Unlike most influenza viruses, which bind to glycans -- i.e. carbohydrate chains on the cell surface -- for infection, the H18N11 virus has a different target. "This virus binds to MHC class II complexes -- protein receptors that are typically found on certain immune cells," says Dr. Peter Reuther, research group leader from the Institute of Virology of the Medical Center -- University of Freiburg. He is studying the cell entry of bat-derived H18 influenza A viruses.

Using single-molecule tracking, the researchers were able to show for the first time that MHCII molecules cluster specifically on the cell surface upon contact with the virus -- a process that is essential for the virus to enter the cell. The teams from Braunschweig and Freiburg have thus characterized a new model of influenza A infection: the binding to MHCII as an alternative receptor and the associated dynamic reorganization of the cell surface. "The finding that influenza viruses do not bind exclusively to cellular glycans opens up new perspectives for research into these pathogens," says Reuther. "Particularly in view of their zoonotic potential, it is crucial to better understand these alternative receptors."

The virus-cell binding step is also the focus of the EU project COMBINE, which was launched at the beginning of 2025 and is coordinated by HZI researcher Sieben. In COMBINE, scientists from five European countries are investigating the virus entry process of newly emerging viruses, especially those with pandemic potential. "This process is a potential target for antiviral therapies. The methodology we have developed to investigate the virus entry process can be applied to many other viruses," says Sieben. The new results not only provide detailed insights into the biology of influenza viruses. They also provide a methodological basis for investigating the entry mechanisms of potential pandemic pathogens in a more targeted manner -- and thus identifying new targets for antiviral therapies.
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New algorithms can help GPs predict which of their patients have undiagnosed cancer | ScienceDaily
Two new advanced predictive algorithms use information about a person's health conditions and simple blood tests to accurately predict a patient's chances of having a currently undiagnosed cancer, including hard to diagnose liver and oral cancers. The new models could revolutionise how cancer is detected in primary care, and make it easier for patients to get treatment at much earlier stages.


						
The NHS currently uses prediction algorithms, such as the QCancer scores, to combine relevant information from patient data and identify individuals deemed at high risk of having a currently undiagnosed cancer, enabling GPs and specialists to call them in for further testing. Researchers from Queen Mary University of London and the University of Oxford have used the anonymised electronic health records from over 7.4 million adults in England to create two new algorithms which are much more sensitive than existing models, and which could lead to better clinical decision making and potentially earlier diagnosis of cancer.

Crucially, in addition to information about a patient's age, family history, medical diagnoses, symptoms, and general health, the new algorithms incorporated the results of seven routine blood tests (which measure a person's full blood count and test liver function) as biomarkers to improve early cancer diagnosis.

Compared with the existing QCancer algorithms, the new models identified four additional medical conditions associated with an increased risk of 15 different cancers including those affecting the liver, kidneys, and pancreas. Two additional associations were also found for family history with lung cancer and blood cancer, and seven new symptoms of concern (including itching, bruising, back pain, hoarseness, flatulence, abdominal mass, dark urine) were identified as being associated with multiple cancer types.

These results showed that the new algorithms offer much improved diagnostic capabilities, and in fact are the only ones currently which can be used in primary care settings to estimate the likelihood of having a current but as yet undiagnosed liver cancer.

Professor Julia Hippisley-Cox, Professor of Clinical Epidemiology and Predictive Medicine at Queen Mary University of London, and lead author of the study, said: "These algorithms are designed to be embedded into clinical systems and used during routine GP consultations. They offer a substantial improvement over current models, with higher accuracy in identifying cancers -- especially at early, more treatable stages. They use existing blood test results which are already in the patients' records making this an affordable and efficient approach to help the NHS meet its targets to improve its record on diagnosing cancer early by 2028."

Dr Carol Coupland, senior researcher at the Queen Mary University of London and Emeritus Professor of Medical Statistics in Primary Care at the University of Nottingham, and co-author, said: "These new algorithms for assessing individuals' risks of having currently undiagnosed cancer show improved capability of identifying people most at risk of having one of 15 types of cancer based on their symptoms, blood test results, lifestyle factors and other information recorded in their medical records. They offer the potential for enabling earlier cancer diagnoses in people from the age of 18 onwards, including for some rare types of cancer type."
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Losing a parent may increase children's risk of being bullied | ScienceDaily
Losing a parent or caregiver at any age is a traumatic and emotional experience, but when a child loses a parent, it can profoundly affect their development and well-being throughout multiple stages of their life.


						
A new study led by Boston University School of Public Health (BUSPH) found that youth who experienced the death of a parent were more likely to be victims of bullying.

Published in the Journal of Affective Disorders, the study surveyed 21,000 children in China and found that the association between parental bereavement and school bullying varied by sex of the child and deceased parent, age when the death occurred, and geographical area. Adolescents in rural areas, girls, and older youth (ages 13-17) were at higher risk of bullying after either parent died.

"Childhood parental death is a major traumatic experience that significantly increases the risk of other adverse outcomes, including bullying victimization," says study senior and co-corresponding author Dr. Ziming Xuan, professor of community health sciences at BUSPH.

Maternal death raised this risk specifically among male youth, "suggesting that maternal support may play a uniquely protective role in the lives of sons," he says.

Parental support can heavily shape children's physical, mental, economic, and social well-being, all of which can influence how they interact with classmates and navigate relationships in school.

For the study, Dr. Xuan and colleagues from BUSPH and Kunming Medical University (KMU) in Kunming, Yunnan, China, utilized 2019-2021 data from the Mental Health Survey for Children and Adolescents, a large, ongoing study that assesses the mental health of more than 35,000 children in southwestern China. The participants were ages 10-17.




Among the study group, nearly three percent of participants experienced a parental death and more than 15 percent reported that they were being bullied at school. The majority of parental deaths in China during this study period occurred before the COVID-19 pandemic began, but an estimated eight million children under 18 worldwide have lost a parent or primary caregiver to a pandemic-related cause. In the US, more than four percent of children up to 17 years old had lost at least one parent in 2021.

The researchers hope this data informs tailored support for youth who are mourning a parent.

"Effective interventions to reduce the risk of school bullying among bereaved children should be multi-layered and long-term, addressing both emotional and social dimensions of support," says Dr. Xuan. "This can include personalized counseling, active involvement of remaining caregivers or extended family, and programs tailored to developmental stage and cultural context."

This support should also evolve over time, as children's needs change during the bereavement process, he adds. "In schools, educators and staff should be trained to recognize signs of grief and vulnerability and foster inclusive, empathetic environments. A warm, caring school climate can be especially critical in reducing the risk of bullying and promoting resilience among bereaved youth."

The study's co-lead authors were Hailiang Ran, a visiting KMU School of Public Health doctoral student in the Department of Community Health Sciences at SPH, and Dr. Jin Lu, a professor in the Department of Psychiatry at The First Affiliated Hospital of KMU. The co-corresponding author is Dr. Yuanyuan Xiao, a professor in the Department of Epidemiology and Health Statistics at KMU's School of Public Health.
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Scientists discover the genes that influence when babies start walking | ScienceDaily
The age at which babies take their first steps is strongly influenced by their genes, according to new research from the University of Surrey. In the first study of its kind, scientists analysed the genetic information of more than 70,000 infants. They identified 11 genetic markers influencing when babies start walking, thus offering multiple targets for future in-depth biological investigation.


						
In a paper published in Nature Human Behaviour, the study found that genetics accounts for about a quarter of the differences in when children take their first steps.

For years, researchers knew that environmental factors could influence when babies begin to walk, but this new finding shows that genetics also has a major impact. It suggests that, just like with other traits such as height, some children may naturally start walking earlier or later because of their genetic propensity.

Professor Angelica Ronald, senior researcher on the study from the University of Surrey, said:

"Most babies take their first step sometime between ages 8 months and 24 months, so it is a wide window in which this exciting milestone happens. It is a big moment for both parents and baby; it symbolises a new phase in a child's life.

Dr Anna Gui, an author of the study and a researcher at the University of Rome Tor Vergata and Birkbeck, University of London said:

"Until now, we didn't understand what causes the wide differences between children in when they take their first step. Parents might often worry that walking early or late is a bad sign or that they have done something wrong. We see that genetics play a considerable role in influencing the timing of this milestone."

Walking isn't just a key milestone in the development of a child, but it is connected in terms of genetic influences with many other important aspects of human development. The study found that the genetic factors influencing when children take their first step are partly the same genetic factors that influence brain development including the amount of folding and ridges in the outer surface of the brain (the "cortex"). Moreover, walking later within the typical range was linked genetically with less chance of developing ADHD. Finally, the study showed that relatively later onset of walking was influenced by some of the same genes involved in higher educational attainment.




Professor Angelica Ronald said:

"It is exciting to be able to discover the genes that influence when children learn to walk. Starting to walk independently is a major milestone for young children. We hope these new genetic findings can advance fundamental understanding about the causes of walking and be used to better support children with motor disorders and learning disabilities.

"While parents should still see their GP if they are concerned, a slightly later start is not always a sign of problems. There is a lot of variety in when children take their first step on their own."

Led by scientists in the UK, the study was made possible through a large collaboration with scientists in the UK, Netherlands and Norway, and through UK and international funding including from the Simons Foundation for Autism Research Initiative.
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Knowing your Alzheimer's risk may ease anxiety but reduce motivation for healthy habits | ScienceDaily
Learning about one's risk for Alzheimer's disease may not lead to emotional distress, but motivation to maintain healthy lifestyle changes tends to fade over time, even in people at high risk, according to a study involving a Rutgers Health researcher.


						
The study, published in Alzheimer's & Dementia, was written by Sapir Golan Shekhtman, a doctoral degree student at the Joseph Sagol Neuroscience Center at the Sheba Medical Center in Israel, and led by Orit Lesman-Segev, a neuroradiologist at the Department of Diagnostic Imaging and researcher at the Joseph Sagol Neuroscience Center, Sheba Medical Center in Israel, and co-authored by Michal Schnaider Beeri, director of the Herbert and Jacqueline Krieger Klein Alzheimer's Research Center at the Rutgers Brain Health Institute.

A protein called amyloid beta in the brain is one of the core pathologies in Alzheimer's disease. The buildup of amyloid plaques can be detected decades before symptoms appear. These plaques can be visualized and quantified by a positron emission tomography (PET) scan.

The researchers wanted to understand how people react emotionally to learning whether they have risk for cognitive decline.

The study followed 199 healthy adults who underwent amyloid PET scans to check their amyloid beta status. Before the scan, participants completed surveys measuring anxiety, depression, memory concerns and motivation for lifestyle adjustments. They conducted the same surveys six months after learning their results.

Results from the study show that participants who don't have amyloid buildup experienced significant emotional improvements: They reported much lower levels of depression, anxiety and memory complaints.

However, their motivation to maintain lifestyle improvements also declined.




Conversely, participants with amyloid presence didn't show increased depression or memory complaints but did experience a decrease in anxiety and motivation for lifestyle adjustments.

"The findings suggest that disclosing amyloid presence does not negatively affect participants, and simply knowing the results seems to decrease negative feelings overall," said Schnaider Beeri.

This study provides new insight into how individuals emotionally respond to learning their amyloid status, an underexplored topic, the researchers said. It also involves disclosing amyloid status to cognitively healthy individuals, a practice that wasn't common in previous studies.

"The results highlight how easily people lose motivation to make lifestyle changes aimed at maintaining cognitive health," said Shekhtman. "Strategies to sustain these healthy behaviors are crucial."

"These findings hold even greater significance in an era moving toward preventive Alzheimer's Disease therapies," said Lesman-Segev. "When such treatments become available, cognitively normal individuals will likely undergo screening with Alzheimer's biomarkers to qualify for targeted therapies. Therefore, it is essential to better understand the response to disclosure and optimize the disclosure process."
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Klotho: A protein that promotes healthy aging and improves longevity | ScienceDaily
An international study led by the Institut de Neurociencies at the Universitat Autonoma de Barcelona (INc-UAB) has shown that increasing levels of the Klotho protein in mice extends lifespan and improves both physical and cognitive health when aging.


						
As we grow older, it is natural to lose muscle and bone mass, leading to greater frailty and a higher risk of falls and serious injuries. Cognitively, neurons progressively degenerate and lose connections, while diseases such as Alzheimer's and Parkinson's become more prevalent. In a society where the population is steadily aging, reducing these effects is one of the main challenges for research.

Now, in an article published in Molecular Therapy, an international research team led by Professor Miguel Chillon, ICREA researcher at the INc-UAB, has shown that increasing levels of the secreted form of the Klotho protein (s-KL) improves aging in mice. The team treated young animals with gene therapy vectors that caused their cells to secrete more s-KL. At 24 months of age, roughly equivalent to 70 years in humans, they found that the treatment had improved the animals' muscle, bone, and cognitive health.

"We have been working with the Klotho protein for some time, due to its therapeutic potential for treating neurodegenerative diseases. In this study, we wanted to see whether s-KL could also be beneficial for healthy aging by examining a broad range of factors," explains Miguel Chillon.

Mice treated with s-KL lived 15-20% longer, with better physical performance, larger muscle fibers, and less fibrosis, indicating better muscle health. Improvements in bone health were also observed, particularly in females, with greater preservation of the internal bone structure (trabeculae), suggesting a potential protective effect against osteoporosis. Finally, in the brain, treatment with s-KL promoted the generation of new neurons and increased immune activity in the hippocampus, suggesting possible cognitive benefits.

The viral vector treatment works by introducing copies of the gene encoding the desired protein into the body's cells, so that they can start producing it on their own. In the mice, these vectors were administered intravenously and directly into the brain to ensure that brain cells also produced s-KL. "We now have viral vectors that can reach the brain after being administered intravenously, which would make it easier to safely transfer this therapy to humans. Another option would be to administer the protein directly as a drug instead of using viral vectors, but we still need to find an efficient way to deliver it and ensure it reaches the target organs," explains Joan Roig-Soriano, INc-UAB researcher and first author of the article.

The research group had already patented the use of Klotho to treat cognitive deficits, and following this study, three new patents were filed. These patents protect the use of Klotho for treating bone and muscle deficits, as well as for developing therapies aimed at increasing longevity.

"If we can find a viable delivery method, s-KL could make a significant contribution to improving people's quality of life and helping to build the healthiest society possible," the researchers conclude.
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Specialized face mask can detect kidney disease with just your breath | ScienceDaily
Surgical face masks help prevent the spread of airborne pathogens and therefore were ubiquitous during the COVID-19 pandemic. Now, a modified mask could also protect a wearer by detecting health conditions, including chronic kidney disease. Researchers reporting in ACS Sensors incorporated a specialized breath sensor within the fabric of a face mask to detect metabolites associated with the disease. In initial tests, the sensor correctly identified people with the condition most of the time.


						
Kidneys remove waste products made by the body's metabolic processes. But in the case of chronic kidney disease (CKD), these organs have become damaged and lose function over time, which can have wide-ranging implications on a person's health. The U.S. Centers for Disease Control and Prevention estimates that 35 million Americans have CKD, and many more could have the disease without knowing it, possibly at an early stage. Currently, medical professionals diagnose the condition by measuring metabolites in blood or urine, but low-cost, low-tech systems, like the ones made from specialized candies, could make the process easier.

Chemical breath sensors are another diagnostic tool currently being explored because people with CKD exhale elevated levels of ammonia -- a chemical associated with the condition. However, ammonia is also associated with other health conditions. Corrado Di Natale and colleagues wanted to create a specific sensor that simultaneously detects ammonia and other CKD-related metabolites.

For ease of use, they incorporated the sensor into a familiar form: a surgical face mask. To create the breath sensor, the team first coated silver electrodes with a conductive polymer that is commonly used in chemical sensors. The polymer was modified with porphyrins -- molecules sensitive to volatile compounds -- to boost the sensitivity. The coated electrodes were placed between the layers of a disposable medical face mask, and wires connected the device to an electronic readout. When select gases interacted with this specialized polymer, it caused a measurable change of electrical resistance. These initial experiments in air confirmed the high sensitivity of the sensor for CKD-related metabolites, including ammonia, ethanol, propanol and acetone.

Then the specialized face masks were tested on 100 individuals. About half of the participants had a CKD diagnosis, and the other half (the control group) did not. The sensors detected several compounds in the participants' breath, and statistical analysis of the data revealed a clear pattern distinguishing the participants with CKD from the control group. The team's sensor correctly identified when a patient had CKD 84% of the time (true positive) and that a patient did not have CKD 88% of the time (true negative). In addition, the results suggest that the sensor data can be used to estimate the stage of CKD, which could be highly valuable in the diagnostic process.

The researchers say that these findings present the potential for straightforward, non-invasive and cost-effective monitoring of CKD patients.

"The implementation of this technology is expected to enhance the management of CKD patients by facilitating the timely identification of changes in disease progression," say Sergio Bernardini and Annalisa Noce, coauthors of the study.

The authors acknowledge funding from the European Union's NextGenerationEU project.
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Risk groups for type 2 diabetes can also be identified at an older age | ScienceDaily
A recent study furnishes evidence that in people without diabetes, six risk groups for cardiometabolic complications previously identified in middle-aged people can also be identified in older people. In cooperation with Helmholtz Munich, the researchers at the German Diabetes Center (DDZ) also showed that there is a special risk group characterized by the combination of a high inflammatory load, a measure of silent inflammatory processes, and a high risk of type 2 diabetes and complications.


						
As part of the prospective population study KORA F4/FF4 (Cooperative Health Research in the Augsburg Region), 843 people aged 61 to 82 without type 2 diabetes were classified into six risk groups that are called clusters. The clusters were initially described by Prof. Dr. Robert Wagner, Head of the Clinical Study Center of the Institute of Clinical Diabetology and Deputy Director of the Clinic for Endocrinology and Diabetology at the University Hospital of Dusseldorf (UKD), and employees and differ in terms of the risk of developing type 2 diabetes and (pre-)diabetes-related complications such as chronic kidney disease, nerve damage and cardiovascular disease.

Risk of type 2 diabetes and complications varies depending on the cluster

Cluster 2 ("very low risk") showed the lowest risk of cardiovascular disease and the lowest inflammation levels, while cluster 5 ("high risk with insulin-resistant fatty liver") showed the highest inflammation levels as well as a high disease burden. The frequency of new cases (incidence) of type 2 diabetes was significantly higher in clusters 3, 4, 5 and 6 than in cluster 2.

An inflammation index, what is called the inflammatory load, was derived on the basis of 73 inflammation markers. This load was significantly increased in cluster 5 in particular, indicating extensive inflammatory processes as a possible driver of metabolic derailments.

"The results illustrate the importance of early differentiation of risk groups -- even at an advanced age," emphasizes Prof. Dr. Christian Herder, Deputy Director and Head of the Inflammation Working Group of the Institute of Clinical Diabetology at the DDZ. Prof. Dr. Michael Roden, Scientific Managing Director and Spokesman of the Board of the DDZ and Director of the Clinic for Endocrinology and Diabetology at the UKD, explains: "This study underlines the individual differences in the risk of diabetes and diabetes-related diseases and thus edges the way to more precise early detection and prevention, even at an older age."
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Junk food for thought: Landmark study directly links ultra-processed foods to poor health | ScienceDaily
A landmark study exploring Canadians' consumption of chips, frozen pizzas, breakfast cereals and other ultra-processed foods typically loaded with fat, sugar and additives has confirmed these foods are directly and significantly linked to poor health outcomes.


						
Researchers at McMaster University investigated the relationship between ultra-processed food (UPF) consumption and risk factors including blood pressure, cholesterol levels (LDL and HDL), waist circumference and body mass index (BMI).

Their study is the first in Canada to leverage population-based and robust biomarker data to examine this relationship.

The team analyzed data from more than 6,000 adults across Canada, representing a diverse range of ages, health conditions and socio-economic backgrounds. The subjects completed a questionnaire for the Canadian Health Measures Survey, conducted by Health Canada and Statistics Canada, and were then personally assessed at mobile clinics.

Individuals who consumed the most UPF were more likely to be men, and to have lower income levels, less education and to have reported lower fruit and vegetable intake. They had significantly higher BMI, waist circumference, blood pressure, insulin, and triglyceride levels than those who consumed the least UPF.

Researchers noted that many links between UPF consumption and cardiometabolic risk factors remained significant even after adjusting for BMI, suggesting that ultra-processed foods may influence health through mechanisms beyond weight gain, such as inflammation, insulin resistance, and poor metabolic regulation -- all well-established predictors of heart disease and type 2 diabetes.

The associations persisted even after adjusting for physical activity, smoking, the total amount of food consumed and socioeconomic factors including income and education.




"We have this very complex food supply that is more than just the nutritional composition of a food," explains Anthea Christoforou, an assistant professor in the Department of Kinesiology at McMaster University and senior author of the paper.

"It may be about the additives. The way the food is prepared. It's related to the packaging and the marketing of that food. All these things come together to create this food environment that really affects the healthfulness of our diets."

The study, published today in the journal of Nutrition and Metabolism, uncovered a strong association between UPF consumption and the presence of C-reactive protein (CRP), which the liver produces in response to inflammation, as well as an increase of white blood cells.

"These two biomarkers indicate that these foods are causing an inflammatory response in our bodies. In a sense, this suggests that our bodies are seeing these as non-foods, as some kind of other element," says Christoforou.

UPFs are ready-to-eat, pre-packaged foods, often high in sodium, sugar and unhealthy fats, while being low in fibre, minerals and vitamins. They are often more convenient, heavily marketed, and appeal to time-pressed consumers, factors that may contribute to higher consumption among lower-income groups and growing health disparities.

Researchers point out that such foods have come to dominate the global food supply, particularly in middle- and high-income countries. Canadian study participants consumed an average of more than three servings of UPFs per day, but those who consumed the highest amounts averaged six servings daily, and researchers believe UPFs may be replacing healthier foods such as fruits and vegetables.




"Ultra-processed foods are impacting health across all socioeconomic groups," says Angelina Baric, a graduate student in the Department of Kinesiology at McMaster and co-author of the study. "While some populations are more exposed to these foods, our findings show that the health risks persist independently of income and education. This highlights the need for broad, equitable food policies that protect everyone."

Health Canada currently recommends reducing the consumption of processed foods as part of its healthy eating guidelines and has begun consultations to develop broader strategies for limiting UPFs in the Canadian food supply.

"We found consistent evidence that eating ultra-processed foods is associated with cardiometabolic risk factors, which not only reinforces the evidence we have seen linking these foods with rising overweight and obesity rates in Canada and other parts of the world, but also provides more detailed information about what's happening in the body before a full disease," says Baric.

In future, the research team plans to develop a study on children's eating habits as related to processed foods, and female health, focusing on fertility, menses and the onset of menopause.

They are also investigating the biological mechanisms by which UPFs may trigger inflammation and metabolic dysfunction and exploring the role of affordability and food environments in driving UPF consumption -- with the aim of informing more equitable public health strategies.
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AI-human task-sharing could cut mammography screening costs by up to 30% | ScienceDaily
The most effective way to harness the power of artificial intelligence when screening for breast cancer may be through collaboration with human radiologists -- not by wholesale replacing them, says new research co-written by a University of Illinois Urbana-Champaign expert in the intersection of health care and technology.


						
The study finds that a "delegation" strategy -- where AI helps triage low-risk mammograms and flags higher-risk cases for closer inspection by human radiologists -- could reduce screening costs by as much as 30% without compromising patient safety.

The findings could help shape how hospitals and clinics integrate AI into their diagnostic workflows amid a growing demand for early breast cancer detection and a shortage of radiologists, said Mehmet Eren Ahsen, a professor of business administration and Deloitte Scholar at Illinois.

"We often hear the question: Can AI replace this or that profession?" Ahsen said. "In this case, our research shows that the answer is 'Not exactly, but it can certainly help.' We found that the real value of AI comes not from replacing humans, but from helping them via strategic task-sharing."

The study, which was published by the journal Nature Communications, was co-written by Mehmet U. S. Ayvaci and Radha Mookerjee of the University of Texas at Dallas; and Gustavo Stolovitzky of the NYU Grossman School of Medicine and NYU Langone Health.

The researchers developed a decision model to compare three decision-making strategies in breast cancer screening: an expert-alone strategy -- the current clinical norm in which radiologists read every mammogram; an automation strategy, in which AI assessed all mammograms without human oversight; and a delegation strategy, in which AI performed an initial screening and referred ambiguous or high-risk cases to radiologists.

The model accounted for a wide range of costs, including implementation, radiologist time, follow-up procedures and potential litigation. It evaluated outcomes using real-world data from a global AI crowdsourcing challenge for mammography, which was sponsored as part of the White House Office of Science and Technology Policy's Cancer Moonshot initiative of 2016-17.




The researchers found that the delegation model outperformed both the full automation and the expert-alone approaches, yielding up to 30.1% in cost savings, according to the paper.

While the idea of fully automating radiological tasks may seem appealing from an efficiency standpoint, the study cautions that current AI systems still fall short of replacing human judgment in complex or borderline cases.

"AI is excellent at identifying low-risk mammograms that are relatively straightforward and easy to interpret," said Ahsen, also the Health Innovation Professor at the Carle Illinois College of Medicine. "But for high-risk or ambiguous cases, radiologists still outperform AI. The delegation strategy leverages this strength: AI streamlines the workload, and humans focus on the toughest cases."

With nearly 40 million mammograms performed annually in the U.S. alone, breast cancer screening is a critical public health tool. Yet the process is time-intensive and costly, in both labor and follow-up procedures triggered by false positives. And when cancers are missed, the resulting false negatives can lead to significant harm for patients and health care providers, Ahsen said.

"One of the issues in mammography is, because of the sheer number of screenings performed, that it generates so many false positives and false negatives," Ahsen said. "If you have a 10% false positive rate out of 40 million mammograms per year, that's four million women who are being recalled to the hospital for more appointments, screenings and tests, and potentially biopsies."

That whole process only increases stress and anxiety for the patient, Ahsen said.




"It's a nightmare scenario," he said. "Follow-up appointments often take weeks, leaving patients with a black cloud hanging over their heads. It's a very stressful time for them."

With AI and the delegation model, it's possible that health care providers could streamline the process.

"You get screened, AI sees something it doesn't like and immediately flags you for follow-up, all while you're still at the hospital," Ahsen said. "It has the potential to be that much more efficient of a workflow."

The research also raises broader questions about how AI should be implemented and regulated in medicine.

"The delegation strategy works best when breast cancer prevalence is either low or moderate," Ahsen said. "In high-prevalence populations, a greater reliance on human experts may still be warranted. But an AI-heavy strategy also might work well in situations where there aren't a lot of radiologists -- in developing countries, for example."

Another potential landmine involves legal liability. If AI systems are held to stricter liability standards than human clinicians, then "health care organizations may shy away from automation strategies involving AI, even when they are cost-effective," Ahsen said.

The findings are potentially applicable to other areas of medicine such as pathology and dermatology, where diagnostic accuracy is critical, but AI is potentially able to improve workflow efficiency.

With the infinite work capacity of AI, "we can use it 24/7, and it doesn't need to take a coffee break," Ahsen said. "AI is only going to continue to make inroads into health care, and our framework can guide hospitals, insurers, policymakers and health care practitioners in making evidence-based decisions about AI integration.

"We're not just interrogating what AI can do -- we're asking if it should do it, and when, how and under what conditions it should be deployed as a tool to help humans."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250507130005.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



NFL players more likely to injure knee after shorter rest period | ScienceDaily
National Football League (NFL) players may be more likely to sustain a specific type of knee injury if they have a shorter period of rest between games, according to researchers from the University of Missouri School of Medicine.


						
Knee injuries are the most common in the NFL, though this study looked specifically at a rupture or tear of the extensor mechanism, the combination of muscles and tendons that allow the knee to straighten.

"The extensor mechanism is critical for knee stability and joint extension, and such an injury could threaten an athlete's career," study author Dr. Steven DeFroda said. "Damage can make it very painful to walk, let alone play."

Using publicly available data from the 2009-2023 seasons, researchers determined that players were 3.7 times more likely to suffer a tear during a short rest week than a long rest week or resting less than seven days versus a period of over seven days.

Players were also 4.7 times more likely to suffer a tear during a normal rest week, or for exactly seven days, than long rest weeks. DeFroda and his team found no meaningful difference when comparing injury risks after short and normal rest weeks.

"This does highlight that certain injuries likely occur because of 'microtrauma' that accumulates over a long season, and that longer periods of rest could be warranted for athletes, especially if they are showing signs of fatigue or an inability to recovery between games," DeFroda said.

They also found no association between player position, age or weight -- however, there was an increased risk of ruptures for players when playing on artificial turf versus playing on grass. This corresponds with other research that suggests more injuries occur on turf, since rubber and synthetic fibers don't absorb as much impact force.

"Studies like these can help us think about how athletes get injured and work on strategies to prevent some of these injuries from occurring," DeFroda said. "Recovery time and the cumulative effects of injury are crucial to monitor, especially as athletes play more games and in a shorter time span than ever before."

Steven DeFroda, MD is an orthopaedic surgeon at MU Health Care and an assistant professor of orthopedic surgery at the MU School of Medicine. He also serves as an official team doctor for the Mizzou Athletics volleyball, baseball and softball teams, and has served as an assistant team physician for the Chicago White Sox, Chicago Bulls and Chicago Fire.
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Smart lactation pads can monitor safety of breast milk in real time | ScienceDaily
Scientists at the University of Southern California (USC) have developed a lactation pad equipped with sensing technology that allows parents of newborns to monitor breast milk in real time. Publishing in the Cell Press journal Device on May 7, their work shows that the device is capable of ensuring that breast milk contains safe levels of the painkiller acetaminophen, which is often prescribed after childbirth and can be transferred to breastfeeding infants.


						
"Our device represents a major innovation," says first author Maral Mousavi, an assistant professor of biomedical engineering at USC. "It is the first wearable tool for direct biochemical analysis in breast milk and the first lactation pad embedded with real-time sensing technology. This technology has the potential to empower lactating individuals with actionable health insights, supporting both maternal and infant health in ways that have never before been possible."

To make the device, the researchers installed electrodes and tiny channels into a lactation pad -- an apparatus that nursing parents often wear throughout the day to protect their clothes from leaking breast milk. The smart lactation pad functions by measuring samples of the milk for acetaminophen as lactating parents go about their regular routines without requiring additional effort from the parent.

Since the smart pad continuously monitors levels of acetaminophen in the milk throughout the day, it also offers a tool for scientists to better understand how drugs are transferred into breast milk, says Mousavi.

"While it is generally safe at recommended doses, acetaminophen overexposure is a leading cause of acute liver failure in children," she says. "It remains the most common reason for liver transplants related to drug toxicity."

The researchers were inspired to build the lactation pad after a graduate student in their research group gave birth and was prescribed acetaminophen to manage her postpartum pain. Despite the importance of breast milk as a source of nutrition for infants and its ability to help their fragile immune systems develop, the team found that few technologies existed to monitor its safety in real time. While a few companies offer mail-in services, these services involve collecting samples in specialized kits that can be costly and waiting days or weeks for results.

"Given the risks and the critical decision-making parents face around breastfeeding and medication use, we wanted to create a tool that empowers them with real-time, personalized information rather than leaving them to rely on generalized drug-safety charts or delayed lab testing," says Mousavi.




The team hopes that the smart lactation pad can help parents make more informed decisions about breastfeeding after taking medications, such as optimizing the "pump and dump" strategy or discarding breast milk when drug levels are the highest.

In addition to painkillers, the authors note that new mothers are also commonly prescribed antibiotics or antifungals, and although these medications are generally considered safe to take while breastfeeding, they aren't always benign.

While the version of the smart pad described in this study was developed to measure acetaminophen, Mousavi says that it can be adapted to detect other drugs and biomarkers for assessing health. For example, Mousavi and colleagues recently demonstrated another lactation pad with an embedded sensor designed to monitor glucose levels in breast milk -- a function which she says could help parents manage their nutrition and address conditions such as gestational diabetes.

Currently, the device is only able to measure milk produced from natural leakage, meaning its applications may be limited when little leakage occurs. The pads are also disposable, so a new lactation pad is required for each new test. The researchers are currently working to develop a version of the device that analyzes pumped milk to offer a more accessible and convenient testing option for parents.
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Piecing together the brain puzzle | ScienceDaily
Our brain is a complex organ. Billions of nerve cells are wired in an intricate network, constantly processing signals, enabling us to recall memories or to move our bodies. Making sense of this complicated network requires a precise look into how these nerve cells are arranged and connected. "LICONN," a new microscopy method developed by scientists at the Institute of Science and Technology Austria (ISTA) and Google Research, now helps piece together this puzzle.


						
Light microscopes have been evolving for centuries. Scientists use light microscopy to -- literally and figuratively -- illuminate the most intricate biological structures. However, unraveling the complex details and architecture of the brain remains a seemingly impossible challenge, considering its billions of densely packed neurons, each linked to other cells via thousands of synapses. A new microscopy pipeline called "LICONN" (light-microscopy-based connectomics), developed at the Institute of Science and Technology Austria (ISTA), now offers a breakthrough.

LICONN is the first technology beyond electron microscopy capable of reconstructing brain tissue with all the synaptic connections between neurons. It also opens up the possibility of visualizing complex molecular machinery alongside the structure of neurons, all while utilizing standard light microscopes for measurements.

This new technique was developed by Mojtaba R. Tavakoli, Julia Lyudchik, Johann Danzl, and their colleagues from the High-Resolution Optical Imaging for Biology research group at ISTA. They collaborated with the Novarino group at ISTA and Michal Januszewski and Viren Jain from Google Research. The method is now published in Nature.

New possibilities with LICONN

Mojtaba R. Tavakoli opens a curtain, revealing a light microscope with endless wires connecting the optical instrument to a computer. The screen's lights shine bright -- glooming shades of green and pink illuminate the almost pitch-black room. "That's the hippocampus -- a brain region responsible for memory formation," says Tavakoli and points to the screen. "The fluorescent dots you see are molecules involved in synaptic transmission." The ISTA graduate moves the frame and adjusts the settings.

LICONN is the Danzl group's newest microscopy technique. It acts like a meticulous puzzle solver, assembling the intricate brain networks by piecing together the finest neuronal processes and correctly linking each synaptic connection to its respective neuron. "Up to now, no light microscopy technique could do that," says Johann Danzl, a trained medical doctor and physicist, now professor at ISTA. "It was a longstanding goal of our group to build such a pipeline for reconstructing brain tissue. And LICONN can do this while placing specific molecules into the context of the structural reconstruction." What stands out is that the image acquisition is done on a standard off-the-shelf microscope, which is very fast and offers multicolor capability. The technique can be reproduced anywhere in the world, as scientists do not require high-end, expensive equipment that would be needed for current approaches for brain tissue reconstruction. To obtain this level of detail, the resolution has to be extraordinarily high, around a few tens of nanometers, 10,000 times smaller than the width of a human hair. But how to accomplish that? Expertise in chemistry comes in handy.




Zooming with a gel

For LICONN, the team made use of the chemical and physical properties of hydrogel, a three-dimensional polymer network. Hydrogel has similar characteristics to baby diapers: it can take up water and swell, but does so in a highly controlled manner.

The brain tissue of interest is embedded in this hydrogel. "Cellular components are linked to the hydrogel, meaning the cells' fine ultrastructure is imprinted onto the gel and preserved for microscopy," explains Danzl. Before imaging, the structures are expanded by adding water to the material. As a result, the gel elongates in size in every direction but maintains the relative spatial arrangements of the tissue's structures with extremely high fidelity.

For comparison, traditional light microscopes are classically limited in their resolving power to around 250-300 nanometers. While this is adequate to visualize larger cellular structures, it is insufficient to reconstruct the densely packed brain tissue. "The hydrogel expansion pulls features of the brain tissue so far apart that we can resolve them with a standard light microscope. This method enhances the effective resolution by 16 times, achieving a resolution better than 20 nm," Tavakoli explains.

Research at the intersection of disciplines

Neuroscience and chemistry were not the only fields that found their way into this project. Methods from computer science played a crucial part in the pipeline's development. This is because capturing microscopic images results in the collection of numerous data points. As such, the intricacy of the datasets reflects the brain's complexity.




Thus, manually interpreting and reconstructing all the neuronal structures on a sizable scale would be far too laborious. Therefore, Google Research's deep-learning techniques were trained to segment the individual cells in the tissue. "Automating the identification of neurons and their elaborate structures on a wider scale using artificial intelligence made the daunting task of reconstructing all the cellular components practically tractable," explains Viren Jain from Google Research. "The ability to concomitantly visualize specific molecules adds a new quality of information."

Julia Lyudchik, a PhD student and computer scientist in the Danzl group, played an instrumental role in interpreting the complex datasets. "Thanks to the exceptionally high resolution of the data, it was possible to automatically detect the synaptic connections between neurons and to transform raw brain imaging data into detailed connectivity maps. This is a complex image processing challenge," Lyudchik explains. "In addition, the methods had to be both efficient and scalable, given that even a small piece of brain tissue can contain tens of thousands of synaptic connections."

LICONN makes it possible to map the location of specific molecules onto the neuronal reconstructions, such as those involved in the transmission of signals between neurons at synapses. Lyudchik's artistic vein helped her create stunning 3D renderings of the brain network, as visualizations are powerful tools to make complex scientific data more accessible and interpretable.

Unlocking new details in the brain's architecture

By following this comprehensive pipeline, scientists can meticulously reconstruct brain tissue and visualize neuronal connections and networks. The interplay between experimentation and analysis across disciplines -- from imaging and experimentation at ISTA to Google Research's application of advanced deep learning technologies and the computational analysis at ISTA -- results in 3D visualizations of the brain's architecture at a new level of complexity. "LICONN brings us a step closer to assembling the puzzle pieces of the mammalian brain and better understanding its functioning both in health and disease," Danzl concludes.
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Birds form bonds that look a lot like friendship | ScienceDaily
The fact that humans who are not related by blood help each other repeatedly over time is demonstrably true -- think of the ongoing mutual support that sustains your longest-running friendships.


						
But the idea that such interactions occur in the animal kingdom has been difficult to prove.

A new study of African starlings led by Alexis Earl, a former PhD student in the lab of Professor Dustin Rubenstein, and colleagues, draws on data gathered over 20 years and proves exactly that: The starlings demonstrate "reciprocity," helping each other with the expectation that the favor will eventually be returned.

"Starling societies are not just simple families, they're much more complex, containing a mixture of related and unrelated individuals that live together, much in the way that humans do," Rubenstein said.

The fact that animals help their direct blood relatives, or kin, with the goal of boosting their genetic fitness and prolonging their genes, has long been known in the scientific community. Starlings do preferentially help their relatives, but many birds also help non-relatives. Earl and colleagues discovered that this non-relative helping occurs through the formation of these reciprocal helping relationships, which sometimes take place over many years.

Proving that this type of reciprocal behavior extends to animals other than direct relatives is difficult, though, since it requires large amounts of data gathered over long stretches of time. The new paper, published this week in the journal Nature, draws on 20 years of research that Rubenstein and his colleagues have conducted on African starlings living in the harsh climate of east African savannahs. From 2002 to 2021, the researchers studied thousands of interactions between hundreds of the birds, and collected DNA from individuals in the population to examine genetic relationships. By combining 40 breeding seasons' worth of behavioral and genetic data, the team could ask questions like: Did the birds preferentially help relatives? Did they help non-relatives even when relatives were available? And did they reciprocate help with specific individuals over the years?

Ultimately, the researchers found that helpers preferentially aided relatives, but also frequently and consistently helped specific non-relative birds, even when relatives were available to help. "Many of these birds are essentially forming friendships over time," Rubenstein said. "Our next step is to explore how these relationships form, how long they last, why some relationships stay robust, while others fall apart."

The data builds on decades of research collected by Rubenstein and his colleagues and students on how and why animals socialize. They have examined animal societies not just in birds, but also in a diversity of species around the globe, including snapping shrimp throughout the Caribbean, wasps in Africa, beetles in Asia, and mice and lizards in Australia.

"I think this kind of reciprocal helping behavior is likely going on in a lot of animal societies, and people just haven't studied them long enough to be able to detect it," Rubenstein said.
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Climate change: Future of today's young people | ScienceDaily
Research led by climate scientists from the Vrije Universiteit Brussel (VUB) reveals that millions of today's young people will live through unprecedented lifetime exposure to heatwaves, crop failures, river floods, droughts, wildfires and tropical storms under current climate policies. If global temperatures rise by 3.5degC by 2100, 92% of children born in 2020 will experience unprecedented heatwave exposure over their lifetime, affecting 111 million children. Meeting the Paris Agreement's 1.5degC target could protect 49 million children from this risk.


						
This is only for one birth year; when instead taking into account all children who are between 5 and 18 years old today, this adds up to 1.5 billion children affected under a 3.5degC scenario, and with 654 million children that can be protected by remaining under the 1.5degC threshold. The study also highlights that children with high socioeconomic vulnerability face an even greater likelihood of unprecedented exposure to climate extremes in their lifetime. Deep cuts in greenhouse gas emissions are urgently needed to safeguard the lives of children all around the world.

Climate change's disproportionate burden on youth 

Climate extremes, including heatwaves, crop failures, river floods, tropical cyclones, wildfires and droughts, will intensify with continued atmospheric warming. Today's children will endure more climate extremes then any previous generation.

"In 2021, we demonstrated how children are to face disproportionate increases in extreme event exposure -- especially in low-income countries. Now, we examined where the cumulative exposure to climate extremes across one's lifetime will far exceed that which would have been experienced in a pre-industrial climate" says Wim Thiery, professor of climate science at VUB and senior author of the study.

"In this new study, living an unprecedented life means that without climate change, one would have less than a 1-in-10,000 chance of experiencing that many climate extremes across one's lifetime" says Dr. Luke Grant, lead author and climate scientist at the VUB and Environment and Climate Change Canada (ECCC). "This is a stringent threshold that identifies populations facing climate extremes far beyond what could be expected without man-made climate change." The threshold varies by location and type of climate extreme.

By combining demographic data and climate model projections of climate extremes for each location on earth, the researchers calculated the percentage of each generation born between 1960 and 2020 who will face unprecedented exposure to climate extremes in their lifetime.




Generational impact of climate change 

The younger a person is, the higher their likelihood of unprecedented exposure to climate extremes. Even if we successfully limit global warming to 1.5degC, 52% of children born in 2020 will face unprecedented heatwave exposure, compared to only 16% of those born in 1960. For heatwaves, the effect is particularly pronounced for those born after 1980, when climate change scenarios increasingly dictate exposure levels.

"By stabilizing our climate around 1.5 degC above pre-industrial temperatures, about half of today's young people will be exposed to an unprecedented number of heatwaves in their lifetime. Under a 3.5 degC scenario, over 90% will endure such exposure throughout their lives," warns Grant. "The same picture emerges for other climate extremes examined, though with slightly lower affected fractions of the population. Yet the same unfair generational differences in unprecedented exposure is observed." Children in tropical countries will bear the worst burden under a 1.5 degC scenario. However, under high-emission scenarios, nearly all children worldwide face the prospect of living an unprecedented life (see Figure 2).

Climate vulnerability and social injustice 

The study also highlights the social injustice of climate change and its impacts. Under current climate policies, the most socioeconomically vulnerable children born in 2020 will almost all (95%) endure unprecedented exposure to heatwaves in their lifetime, compared to 78% for the least vulnerable group. "Precisely the most vulnerable children experience the worst escalation of climate extremes. With limited resources and adaptation options, they face disproportionate risks," says Thiery.

Urgent Need for Global Climate Action 

Ahead of COP30 in Brazil, nations must submit updated climate commitments. Under current policies, global warming would reach around 2.7 degC this century. This study and the related Save The Children report emphasize the urgency of keeping global warming below 1.5 degC for the children of today and tomorrow.




Inger Ashing, CEO of Save the Children International, said: "Across the world, children are forced to bear the brunt of a crisis they are not responsible for. Dangerous heat that puts their health and learning at risk; cyclones that batter their homes and schools; creeping droughts that shrivel up crops and shrink what's on their plates. Amid this daily drumbeat of disasters, children plead with us not to switch off. This new research shows there is still hope, but only if we act urgently and ambitiously to rapidly limit warming temperatures to 1.5 degC, and truly put children front and centre of our response to climate change."

"With global emissions still rising and the planet only 0.2 degC away from the 1.5 degC threshold, world leaders must step up to reduce greenhouse gas emissions and lessen the climate burden on today's youth," concludes Thiery.

The study was accomplished by researchers from Vrije Universiteit Brussel (VUB), Environment and Climate Change Canada, KU Leuven, the Royal Meteorological Institute of Belgium (RMI), and ETH Zurich.

Supplementary information 

The numbers reported in our new study focus on one single birth cohort: children born in 2020, who are today's five year olds. Climate extremes will affect all generations, with children the most. We are providing therefore here below numbers that take into account all children who are between 5 and 18 years old today, which represents a total population of 1.69 billion children.

Heatwaves 

Under a 1.5 degC pathway, 855 million children aged 5-18 in 2025 face unprecedented lifetime exposure to heatwaves.

Under a 2.7 degC pathway, 1353 million children aged 5-18 in 2025 face unprecedented lifetime exposure to heatwaves.

Under a 3.5 degC pathway, 1509 million children aged 5-18 in 2025 face unprecedented lifetime exposure to heatwaves.

Crop failures 

Under a 1.5 degC pathway, 316 million children aged 5-18 in 2025 face unprecedented lifetime exposure to crop failures.

Under a 2.7 degC pathway, 400 million children aged 5-18 in 2025 face unprecedented lifetime exposure to crop failures.

Under a 3.5 degC pathway, 431 million children aged 5-18 in 2025 face unprecedented lifetime exposure to crop failures.

Wildfires 

Under a 1.5 degC pathway, 119 million children aged 5-18 in 2025 face unprecedented lifetime exposure to wildfires.

Under a 2.7 degC pathway, 134 million children aged 5-18 in 2025 face unprecedented lifetime exposure to wildfires.

Under a 3.5 degC pathway, 147 million children aged 5-18 in 2025 face unprecedented lifetime exposure to wildfires.

Droughts 

Under a 1.5 degC pathway, 89 million children aged 5-18 in 2025 face unprecedented lifetime exposure to droughts.

Under a 2.7 degC pathway, 111 million children aged 5-18 in 2025 face unprecedented lifetime exposure to droughts.

Under a 3.5 degC pathway, 116 million children aged 5-18 in 2025 face unprecedented lifetime exposure to droughts.

River floods 

Under a 1.5 degC pathway, 132 million children aged 5-18 in 2025 face unprecedented lifetime exposure to river floods.

Under a 2.7 degC pathway, 188 million children aged 5-18 in 2025 face unprecedented lifetime exposure to river floods.

Under a 3.5 degC pathway, 191 million children aged 5-18 in 2025 face unprecedented lifetime exposure to river floods.

Tropical cyclones 

Under a 1.5 degC pathway, 101 million children aged 5-18 in 2025 face unprecedented lifetime exposure to tropical cyclones.

Under a 2.7 degC pathway, 163 million children aged 5-18 in 2025 face unprecedented lifetime exposure to tropical cyclones.

Under a 3.5 degC pathway, 163 million children aged 5-18 in 2025 face unprecedented lifetime exposure to tropical cyclones.
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Teens driving older vehicles have increased risk for fatal crashes | ScienceDaily
Motor vehicle crashes are the leading cause of death for U.S. teens. Newer vehicles and driver assistance technologies show promise in reducing crashes and injury severities. Researchers at Nationwide Children's Hospital reviewed national fatal crash data (2016-2021) and examined the vehicle age and driver assistance technologies of vehicles driven by teen and middle-aged drivers, and their associations with driver deaths during fatal crashes.


						
In a study published today in JAMA Network Open, researchers found that driving vehicles 6-15 years old had a 19% greater risk of driver death in fatal crashes, and driving vehicles older than 15 years had a 31% greater risk, both compared to driving vehicles 5 years old or newer, regardless of driver age. Additionally, each driver assistance technology already present in vehicles was associated with a 6% reduction in the risk of driver death in fatal crashes.

"Because every family wants their teen to arrive anywhere safely, teen driver fatalities are a serious public health concern," said Jingzhen Ginger Yang, PhD, MPH, lead author of the study and principal investigator in the Center for Injury Research and Policy of the Abigail Wexner Research Institute at Nationwide Children's. "Given teen drivers' high crash rates compared to other age groups and their increasing involvement in fatal crashes, it is crucial for teen drivers to operate the safest vehicles available."

The study found that teen drivers (15-18 years) were more likely than middle-aged drivers (31-55 years) to drive vehicles older than 15 years and vehicles with fewer driver assistance technologies at the time of fatal crashes. Older vehicles and vehicles with fewer driver assistance technologies were associated with a higher risk of death for drivers involved in fatal crashes, regardless of driver age.

"Our findings, along with those from other studies, underscore the importance of safe vehicle strategies, education for families and ensuring teens drive safer cars whenever possible," said Fangda Zhang, PhD, research scientist in the Center for Injury Research and Policy at Nationwide Children's and co-lead author of the study. "Parents commonly pass their old vehicles to their teens who are still learning basic driving skills. While it is an exciting milestone for families with new drivers, this practice increases teens' vulnerability to vehicle malfunctions, making their driving less safe."

Because parents and caregivers often control what vehicles their teens drive, their choices significantly impact the driving safety of their teens and other road users. Families should be advised to prioritize safety features when choosing the first car for teens, ensuring it is newer and safer, given the increased involvement of teen drivers in motor vehicle crashes and motor vehicle crash-related fatalities.

Based on the study findings, study authors propose several recommendations:
    	Vehicle Safety: Teens should drive the safest vehicles available.            	Pediatricians and other health care providers should advise parents to prioritize safety features when choosing the first car for their teens and avoid vehicles older than 15 years, especially during the initial months of unsupervised driving, which is the highest crash risk period for teen drivers.
        	Parents can refer to the Insurance Institute for Highway Safety (IIHS) for a list of affordable, safe vehicles for teens. If a newer vehicle is not an option, more frequent maintenance should be encouraged to improve the vehicle's safety.
    
    
    	Newer Technologies: Pediatricians and other health care providers should educate families about the benefits of newer vehicle technologies, such as crash avoidance features, lane assistance technology, and teen-specific technologies, which can significantly reduce crashes and related injuries. Families should choose vehicles with more driver assistance technologies for teens whenever possible.
    	Safe Driving Habits: Pediatricians and other health care providers should address other aspects of teen driving safety beyond vehicle selection. They should educate parents and teens about the danger of risky driving behaviors and promote safe driving habits, such as seat belt use, safe nighttime driving, limiting teen passengers, avoiding distractions and following state Graduated Driver Licensing requirements.

Data for this study were obtained from Fatality Analysis Reporting System (FARS), a comprehensive crash database widely recognized in traffic safety research for its detailed information on drivers, vehicles, and crash environments involved in US fatal crashes.
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AI model improves delirium prediction, leading to better health outcomes for hospitalized patients | ScienceDaily
An artificial intelligence (AI) model improved outcomes in hospitalized patients by quadrupling the rate of detection and treatment of delirium. The model identifies patients at high risk for delirium and alerts a specially-trained team to assess the patient and create a treatment plan, if needed.


						
The model, developed by researchers at the Icahn School of Medicine at Mount Sinai, has been integrated into hospital operations, helping health care providers identify and manage delirium, a condition that can affect up to one-third of hospitalized patients.

The study, the first to show that an AI-powered delirium risk assignment model can not only perform well in a laboratory setting but also deliver real-world benefits in clinical practice, was published in the May 7, 2025 online issue of JAMA Network Open .

Delirium is a sudden and severe state of confusion that carries life-threatening risks and often goes undetected in hospitalized patients. Without treatment, it can prolong hospital stays, raise mortality risk, and worsen long-term outcomes. Until now, AI-driven delirium prediction models have struggled to demonstrate tangible improvements in patient care, say the investigators.

"The motivation behind our study at Mount Sinai was clear. Current AI-based delirium prediction models haven't yet shown real-world benefits for patient care," said senior corresponding study author Joseph Friedman, MD, Founder and Director of Delirium Services for the Mount Sinai Health System and Professor of Psychiatry, and Neuroscience, at the Icahn School of Medicine at Mount Sinai. "We wanted to change that by creating a model that accurately calculates delirium risk in real time and integrates smoothly into clinical workflows, helping hospital staff catch and treat more patients with delirium who might otherwise be overlooked."

Rather than building an AI model in isolation and testing it later in hospitals, the research team worked closely with Mount Sinai clinicians and hospital staff from the start. This "vertical integration" approach allowed them to refine the model in real time, ensuring it was both effective and practical for clinical use.

When deployed at Mount Sinai, the AI model dramatically improved delirium detection, resulting in:

* A 400 percent increase in identified cases without increasing time spent screening patients




* Safer prescribing by reducing the use of potentially inappropriate medications in older adults 

* Strong, reliable performance in a real-world hospital setting

In their study, which involved more than 32,000 patients admitted to The Mount Sinai Hospital in New York City, the researchers used the AI model to analyze a combination of structured data and clinicians' notes from electronic health records. It used machine learning to identify chart data patterns associated with a high risk of delirium and applied natural language processing to identify patterns from the language of chart notes written by hospital staff. This approach captures staff observations of subtle mental status changes in patients who are delirious or at heightened risk. An individual staff member writing a note may be unaware at that time that their clinical observations are helping to improve the AI model's accuracy.

Notably, the model was tested in a highly diverse patient population with a wide range of medical and surgical conditions -- far broader than the narrow groups typically included in studies of machine learning-based delirium risk prediction models.

The tool significantly improved monthly delirium detection rates -- from 4.4 to 17.2 percent -- allowing for earlier intervention. Patients identified also received lower doses of sedative medications, potentially reducing side effects and improving overall care.

"Our model isn't about replacing doctors -- it's about giving them a powerful tool to streamline their work," says Dr. Friedman. "By doing the heavy lifting of analyzing vast amounts of patient data, our machine learning approach allows health care providers to focus their expertise on diagnosing and treating patients more effectively and with greater precision."

While the AI model has delivered strong results at The Mount Sinai Hospital, and testing is underway at other Mount Sinai locations, validation will be needed at other hospital systems to evaluate its performance in different settings and adjust if needed.

"This research demonstrates the quantum leaps we are achieving by building AI-driven clinical decision support into hospital operations. We are improving patient safety and outcomes by bringing the right team to the right patient at the right time so patients receive specialized care tailored to their needs," says study co-author David L. Reich MD, Chief Clinical Officer of the Mount Sinai Health System and President of The Mount Sinai Hospital. "To become a learning health system, we must continue this pathway of developing, testing, deploying, and fine-tuning AI-tools that are seamlessly integrated into health care workflows. Previously, we found that AI clinical decision support works in addressing malnutrition and clinical deterioration, where Mount Sinai's use of real-time AI alerts to predict declining health, accelerated treatment and reduced hospital deaths.
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Childhood brain tumors develop early in highly specialized nerve cells | ScienceDaily
Medulloblastoma is one of the most common malignant tumors of the central nervous system (CNS) in children and adolescents. It develops in the area of the cerebellum, which is responsible for movement coordination, among other things. Medulloblastomas enlarge rapidly, often grow into surrounding tissue and can also form metastases. The wide variety of this tumor group also makes it difficult to find the right treatment.


						
A team of researchers at the Hopp Children's Cancer Center Heidelberg (KiTZ), the German Cancer Research Center (DKFZ) and Heidelberg University Hospital (UKHD) has now investigated exactly where and when the most aggressive subgroups of these tumors develop in so-called single cell analyses. "We have genetically characterized the many thousands of individual cells from the tumor samples of numerous young patients with medulloblastoma," explains Konstantin Okonechnikov, first author of the study from KiTZ and DKFZ. "This technology allows us to obtain a high-resolution picture of the genetic make-up within a tumor, so that we can reconstruct its developmental history fairly accurately."

Accordingly, there are "early" and "late" genetic changes within a tumor. Based on the distribution of the genetic changes across the various tumor cell clones, the scientists were able to reconstruct the development of the tumor. The study shows that the particularly aggressive medulloblastomas of subgroups three and four probably develop between the first trimester of pregnancy and the end of the first year of life. The origin of the tumor development are the precursor cells of highly specialized nerve cells, the so-called unipolar brush cells of the cerebellum, which also develop between the first trimester of pregnancy and the end of the first year of life. Large rearrangements of entire chromosomes or chromosome arms take place in these cells, presumably initially by chance, as the present results show: The cells loose or gain certain chromosomes.

"We assume that the early loss or gain of certain chromosomes is the first step in tumor development and that these occur many years before the clinical symptoms appear," says Lena Kutscher from KiTZ and DKFZ, who led the study together with Stefan Pfister, Director at KiTZ, Head of Department at DKFZ and paediatric oncologist at Heidelberg University Hospital (UKHD).

Only the later tumor cells carry the already known duplications or alterations of the cancer genes MYC, MYCN or PRDM6 that are typical for these types of medulloblastoma. "We therefore assume that these cancer genes are responsible for the progressive tumor growth and also for the metastasis and therapy resistance that occurs, but not for the development of the tumor," says Lena Kutscher.

Lena Kutscher explains what these results could mean for diagnosis and treatment: "If we succeed in developing sufficiently sensitive methods in the future to detect these early changes, for example as DNA fragments in the blood, this could form the basis for possible early detection in newborns and infants."
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A new class of molecules against cancer cells refractory to standard treatments | ScienceDaily
Current anticancer treatments essentially target the primary tumour cells that proliferate quickly, but do not effectively eliminate specific cancer cells able to adapt to existing treatments and which exhibit high metastatic potential1. Yet metastases are responsible for 70% of cancer deaths.


						
A French research team from Institut Curie, the CNRS and Inserm has just developed a new class of small molecules that bring about the destruction of cell membranes, and hence triggers cell death. Led by scientists at the Laboratory of Biomedicine (Institut Curie/CNRS/Inserm)2, this study is based on the remarkable properties of what are known as drug-tolerant persister cancer cells, with high metastatic potential. The latter express a large quantity of the protein CD44 at their surface, allowing them to internalise more iron, making them more aggressive and able to adapt to standard treatments. These cells are consequently more sensitive to ferroptosis, a cell death process catalysed by iron, which causes oxidation and the degradation of membrane lipids.

Thanks to innovative chemistry developed by the team led by Raphael Rodriguez, researchers showed that the cell death initiated by iron in lysosomes3 can alter the structure of intracellular membrane compartments. In the lysosomal compartment, iron can react with hydrogen peroxide, generating oxygen-centred radicals, highly-reactive chemical entities that damage cell membranes. This reaction then propagates in the cell forming lipid peroxides in the membranes of other cellular organelles, ultimately causing cell death. Ferroptosis thus results from the cell's failure to repair the membrane damage.

Using these initial discoveries, the scientists successfully conceived and synthesised a new class of small molecules that can activate ferroptosis: phospholipid degraders. The molecules possess one fragment that allows them to target the cell membrane (plasma membrane) -- and to then accumulate in lysosomes via endocytosis -- as well as another part that binds to and increases the reactivity of iron, which is abundant in this compartment of pro-metastatic cancer cells, thereby triggering ferroptosis. The molecule fentomycin (Fento-1) was designed to be fluorescent, allowing scientists to visualise it in the cell using high-resolution microscopy, as well as to confirm its localisation in lysosomes.

After the administration of Fento-1, the researchers observed a significant reduction in tumor growth in pre-clinical models for metastatic breast cancer, in addition to a pronounced cytotoxic effect on biopsies of pancreatic cancer and sarcoma patients, thereby confirming the treatment's effectiveness at the pre-clinical level4 for these cancers, for which the effectiveness of standard chemotherapy is limited.

Clinical tests are needed to show that this ability to induce ferroptosis could serve as a therapeutic avenue that complements current chemotherapy in the fight against cancer, especially by targeting cancer cells that are pro-metastatic and refractory to standard treatments.

This research notably received support from the Ligue contre le cancer (3 Equipe Labellisees), the Horizon 2020 Research and Innovation Programme of the European Union (ERC), the Fondation pour la recherche medicale, the Fondation Charles Defforey-Institut de France, the Klaus Grohe Foundation, l'Institut national du cancer, the Ile-de-France Region, the ANR, the Fondation Bettencourt Schueller, the CNRS, Institut Curie, and Inserm.

1 -- Tumour cells that detach from their site of origin and migrate toward other parts of the body, forming new tumours known as metastases. This ability to spread is a characteristic of advanced cancers.




2 -- This research primarily involved scientists from the Laboratory of Biomedicine (Institut Curie/CNRS/Inserm/PSL Research University), the Cancer Research Center of Marseille (Aix-Marseille Universite/CNRS/Inserm/Institut Paoli Calmette), the APHP (Hopital Paul-Brousse), the Institute of Molecular Chemistry and Materials of Orsay (CNRS/Universite Paris-Saclay), Harvard T.H. Chan School of Public Health, Helmholtz Zentrum Munchen, Julius-Maximilians-Universitat Wurzburg,, Columbia University and the University of Ottawa.

3 -- Lysosomes are the organelles responsible for the degradation of cell debris, biological macromolecules, foreign particles (bacteria, viruses, and parasites), and damaged intracellular organelles.

4 -- Pre-clinical tests on animals showed a significant decrease in tumour volume after the lymphatic injection of Fento-1, with tolerance to treatment.
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Neuroscientists pinpoint where (and how) brain circuits are reshaped as we learn new movements | ScienceDaily
A landmark study published by scientists at the University of California San Diego is redefining science's understanding of the way learning takes place. The findings, published in the journal Nature and supported by the National Institutes of Health and U.S. National Science Foundation, provide novel insights on how brain wiring changes during learning periods, offering a path to new therapies and technologies that aid neurological disorders.


						
For many years, neuroscientists have isolated the brain's primary motor cortex (M1), an area in the frontal lobe region, as a hub for sending out signals related to complex movements during episodes of learning. More recently, the motor thalamus, located in the center of the brain, has been implicated as an area that influences M1 during motor learning functions.

But even with such advancements, evidence was lacking on how this learning process unfolds, mainly due to the complex nature of monitoring the interactions of cells across brain areas.

A research team led by Professor Takaki Komiyama's laboratory used powerful neurobiological research techniques to describe these mechanisms in mice for the first time. Using high-tech imaging and a novel data analysis method, the researchers identified the thalamocortical pathway, a communication bridge between the thalamus and the cortex, as the key area that is modified during learning.

Beyond identifying the main pathway, the researchers found that links between regions physically change during learning. Motor learning does much more than adjust activity levels, it sculpts the circuit's wiring, refining the conversation between the thalamus and cortex at a cellular level.

"Our findings show that learning goes beyond local changes -- it reshapes the communication between brain regions, making it faster, stronger and more precise," said Assaf Ramot, the study's lead author and a postdoctoral scholar in the Komiyama Lab. "Learning doesn't just change what the brain does -- it changes how the brain is wired to do it."

The study, during which mice learned specific movements, revealed that learning causes a focused reorganization of the thalamus and cortex interaction. During times of learning, the thalamus was found to activate M1 neurons to encode the learned movement and to halt the activation of neurons not involved with the movement being learned.




"During learning, these parallel and precise changes are generated by the thalamus activating a specific subset of M1 neurons, which then activate other M1 neurons to generate a learned activity pattern," said Komiyama, a professor in the Departments of Neurobiology (School of Biological Sciences) and Neurosciences (School of Medicine), with appointments in the Halicioglu Data Science Institute (School of Computing, Information and Data Sciences) and Kavli Institute for Brain and Mind.

To bring the activity of specific neurons into focus -- a key insight of the study -- the researchers developed a novel analytical method called ShaReD (Shared Representation Discovery) with Neurobiology Assistant Professor Marcus Benna and graduate student Felix Taschbach, study coauthors.

According to Taschbach, who spearheaded development of the data analysis procedure, identifying behaviors that are commonly encoded across different subjects presents a significant challenge because behaviors and their neural representations can vary substantially between animals. To address this issue, the researchers developed ShaReD, which identifies a single shared behavioral representation that correlates with neural activity across different subjects, allowing them to map subtle behavioral features to the activity of different neurons in each animal.

Existing methods typically enforce artificial alignment to reduce individual variability -- similar to requiring everyone to follow exactly the same route to a destination. In contrast, ShaReD functions more like identifying which landmarks consistently help travelers navigate, regardless of their specific route choices. The ShaReD method was critical to the study's findings.

"This new method allows us to combine data from multiple experiments to make detailed discoveries that would not have been possible using only the limited number of relevant neurons recorded in an individual brain," said Benna, a computational neuroscientist and co-corresponding author of this study.

The new study is the second recently led by the Komiyama lab that illuminates how our brains learn. In April, William Wright, Nathan Hedrick and Komiyama published a study in Science that describes the multiple rules that neurons follow during episodes of learning, with synapses in different regions following different rules.

With the Nature study's findings, the researchers further science's understanding of the learning process with a new comprehensive model of how the neural circuits underlying learned movements emerge during learning. The new information also offers hope for those who suffer from neurological disorders.

"The study shows that learning isn't just repetition," said Ramot. "It's about your brain literally rewiring itself in a targeted way. Whether you're learning a new skill, recovering from a stroke or using a neuroprosthetic, understanding how brain regions reorganize their communication helps us design better therapies and technologies that work with the brain's natural learning mechanisms."

The paper is dedicated to the memory of An Wu, an assistant project scientist in Komiyama's lab who tragically died in a 2023 Montreal building fire. She is remembered as a brilliant neuroscientist who elevated the many lives she touched.
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Scientists map tongue's sweet sensor, may lead to new ways to curb sugar cravings | ScienceDaily
Our attraction to sugar has grown to an unhealthy level. The average person in the United States now consumes more than 100 pounds of the sweet stuff every year, up from 18 pounds in 1800.


						
With new research published May 7, in Cell, Columbia University scientists have taken a major step toward dealing with this public health crisis. For the first time, they have mapped the 3-D structure of the human sweet taste receptor, the molecular machine that allows us to taste sweet things. This could lead to the discovery of new regulators of the receptor that would significantly alter our attraction to and appetite for sugar.

"The leading role that sugar plays in obesity cannot be overlooked," said study co-first author Juen Zhang, PhD, a postdoctoral fellow in the lab of Charles Zuker, PhD, at Columbia's Zuckerman Institute and at the Howard Hughes Medical Institute. "The artificial sweeteners that we use today to replace sugar just don't meaningfully change our desire for sugar. Now that we know what the receptor looks like, we might be able to design something better."

The sweet receptors on our tongue can detect a large number of different chemicals that taste sweet, from common table sugar (also known as sucrose) to antimicrobial enzymes in chicken eggs. Unlike other receptors -- for bitter, sour, or other tastes -- our sweet sensors evolved to not be very sensitive. This helps us focus on sugar-rich foods for energy, and drives a need for a lot of sweets to satisfy our sweet tooth.

Determining the structure of the human sweet receptor is key to comprehending how it helps us detect sweet taste, fundamentally advancing our understanding of taste perception. More than 20 years ago, Dr. Zuker and his colleagues uncovered the genes behind the mammalian sweet taste receptor. This landmark work revealed its chemical formula, but until now no one knew its precise shape, much like how knowing a cake's recipe will not tell you what the pastry will look like when finished.

Without this knowledge, understanding the molecular basis of sweet detection to rationally design ways to regulate the function of this essential receptor has been a challenge, said Dr. Zuker, in whose laboratory this new work was also carried out.

"All the artificial sweeteners that we use today were either discovered by accident or based on known sweet-tasting molecules," said study co-author Brian Wang, a research assistant in the Zuker lab. "As a result, most artificial sweeteners have drawbacks."

The new work maps the structure of the human sweet taste receptor in unprecedented detail, to a resolution as good as 2.8 angstroms. In comparison, the smallest atom, hydrogen, is slightly more than 1 angstrom wide.




It took the researchers innovative approaches and about three years to map the human sweet taste receptor's structure, in large part because it proved difficult to grow this protein on cells in lab dishes.

"Just getting the purified protein we needed to map the structure took more than 150 different preparations over the course of three years," said study co-first author Zhengyuan Lu, a doctoral student at the Zuker lab.

The scientists then used cryo-electron microscopy (cryo-EM) to analyze the human sweet taste receptor. This technique fires beams of electrons at molecules that have been frozen in solution, helping researchers capture snapshots of those molecules from different perspectives, from which they can reconstruct their three-dimensional structures at the atomic level.

Of particular importance, cryo-EM revealed the receptor's binding pocket: the cavity where sweet things stick and trigger the set of reactions that drive our strong appetite for sweets.

"Defining the binding pocket of this receptor very accurately is absolutely vital to understanding its function," said study co-author Anthony Fitzpatrick, PhD, a principal investigator at Columbia's Zuckerman Institute. "By knowing its exact shape, we can see why sweeteners attach to it, and how to make or find better molecules that activate the receptor or regulate its function," added Dr. Fitzpatrick, who is also an assistant professor of biochemistry and molecular biophysics at Columbia's Vagelos College of Physicians and Surgeons.

The human sweet taste receptor consists of two main halves. One of these, named TAS1R2, possesses the binding pocket, a component resembling a Venus flytrap. Knowing the structure of this part may also help us understand why people differ in how sensitive they are to sweets.




The scientists mapped the receptor's structure as it bound to two of the most commonly used artificial sweeteners, aspartame and sucralose. These are, respectively, 200 and 600 times sweeter than sucrose.

The researchers then systematically altered tiny parts of the receptor. This helped shed light on the role each of these parts play in binding onto the sweeteners, said study co-author Ruihuan Yu, a doctoral student at the Zuker lab.

"We're trying to move our understanding of science forward to be able to help people," said study co-author Andrew Chang, a research technician at the Fitzpatrick lab.

Although the human sweet taste receptor is found mostly on taste buds in the mouth, Dr. Zhang noted it is also scattered throughout the body, where it may play a role in the function of organs such as the pancreas. As such, the new map of this receptor's structure might support research investigating our metabolism, as well as in disorders such as diabetes.
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A culturally adapted obesity prevention for Latino families | ScienceDaily
A University of California, Riverside-led research team has adapted an intervention for childhood obesity prevention to better serve Latina mothers, non-maternal caregivers, and families of low-income backgrounds in Inland Southern California. The study, spearheaded by medical anthropologist Ann Cheney, could make significant contributions to public health by ensuring that early childhood obesity prevention strategies begin in infancy with infant feeding and are culturally and linguistically relevant for immigrant communities.


						
The intervention, originally known as Healthy Beginnings, was developed in Australia to address infant feeding practices among low-income mothers. Cheney's team adapted this intervention to meet the unique needs of Latina mothers and their trusted caregivers. By incorporating the feedback of mothers and caregivers, the researchers identified key cultural meanings and family dynamics to shape the intervention's delivery.

"We knew for this intervention to be effective, it had to align with the cultural values and lived experiences of the families it aimed to serve," said Cheney, an associate professor of social medicine, population, and public health in the School of Medicine. "Latina mothers and other senior women like grandmothers are central to the health and well-being of their families. We therefore needed to ensure that the intervention's design reflected their beliefs, practices, and the social and emotional context of their lives. Our study shows that culturally sensitive approaches are crucial for fostering trust, engagement, and sustainable health behaviors."

The research involved Inland Southern California mothers of infants aged four to six months, as well as their caregivers and members of an intervention design and development group. The researchers conducted qualitative interviews and surveys from spring 2021 to winter 2022 to gather data that allowed for adaptations in the intervention's content and delivery methods. Changes included the incorporation of cultural meanings around infant feeding, maternal mental health, and feeding practices, as well as adjustments to intervention delivery methods. Other changes included more frequent sessions, reduced time per session, and the involvement of community health workers to facilitate delivery.

Results from the study highlighted the importance of involving non-maternal caregivers in the adaptation process.

"These caregivers, who play a pivotal role in the daily lives of children, helped shape a program that resonates with the community, ensuring that the intervention is not only effective but also culturally and linguistically appropriate," Cheney said.

Cheney explained that the success of the project underscores the need for public health interventions to consider the broader ecological and social contexts in which families live.




"When we involve families, especially non-maternal caregivers, in the adaptation of programs, we create interventions that have a greater chance of success and sustainability," she said. "This research offers a valuable model for other communities facing similar challenges."

According to Cheney, the study emphasizes the importance of engaging culturally diverse, historically marginalized communities in public health research. Tailored interventions that respect local values enhance acceptance and sustainability of health behaviors, benefiting families and communities, she said.

"The Healthy Beginnings intervention, adapted for Southern California's Latinx population, serves as a model for future obesity interventions in diverse communities in the United States," Cheney added.

Cheney was joined in the research by scientists at UCR, Brown University in Rhode Island, the National Institutes of Health, and UC Irvine.

The research was funded by the National Institute on Minority Health and Health Disparities of the National Institutes of Health under award number U54MD013368.
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Researchers restore antibiotic effect in the event of resistance | ScienceDaily
Bacterial resistance negates the effect of antibiotics in the treatment of infection. Using mouse models, researchers now show that if antibiotics are administered with an enzyme called endolysin, the combined effect protects against infection by resistant bacteria in all bodily organs -- including the brain, which antibiotics alone have difficulty reaching. The results are reported in the journal Molecular Medicine.


						
The World Health Organization has identified antibiotic resistant bacteria as a global health risk. Two important classes of antibiotic are beta-lactams (e.g. penicillin) and macrolides (e.g. erythromycin), which are used to treat life-threatening infections such as meningitis. The fact that the bacteria that cause the disease are becoming resistant is a grave concern, as the patients who have the disease -- and survive -- risk permanent brain and neurological damage.

"There are two main problems in meningitis -- the difficulty antibiotics have crossing the blood-brain barrier and the increase in resistant bacteria," says principal investigator Federico Iovino, associate professor and research group leader at the Department of Neuroscience, Karolinska Institutet. "Our results show that with the supplementation of endolysins, we can restore the effectiveness of antibiotics, even when the bacteria are resistant."

Protected human cells

The protein endolysin is an enzyme derived from a virus called bacteriophage, which kills bacteria by breaking down the bacterial cell. In veterinary medicine, endolysins have been proven effective against udder infections.

In the laboratory, the researchers found that an endolysin called cpl-1 protects human cells from blood and cerebrospinal fluid when exposed to Streptococcus pneumoniae (the pneumococcus), resistant to penicillin or erythromycin. These pneumococci are the primary cause of meningitis globally. Researchers have successfully experimented endolysin combined with penicillin or erythromycin.

"The combination protected nerve cells from infection by resistant pneumococcal strains which have affected patients and which we have been obtained from Swedish hospitals," says the study's first author Niels Vander Elst, postdoctoral researcher in Federico Iovino's group. "This was a significant result, as these are the very bacteria that cause meningitis."

Quickly enters the brain




The researchers then used an animal model for meningitis in which mice were infected with penicillin-resistant pneumococci. While endolysin alone protected against infection, penicillin alone did not. When the mice received a combination of antibiotic and endolysin, they were protected against disease and the antibiotic recovered its effectiveness.

"It takes time for antibiotics to get past the blood-brain barrier, upwards of several days, but endolysin can enter the brain very quickly within a few hours," says Dr Iovino. "Its speed is a unique property that's important since brain neurons start to get damaged as soon as the bacteria are present. It also has another important advantage -- it doesn't give the bacteria time to develop resistance."

Tests on other resistant bacteria to come

Federico Iovino's group now intend to study the effectiveness of endolysin with other types of resistant bacteria in order that it can be used as a powerful weapon against the resistant bacteria that cause serious diseases, not least meningitis.

"For the first time, we've shown that endolysin is effective against the bacteria that cause meningitis," says Dr Iovino. "Our data also bridge earlier gaps in our knowledge by showing that they can pass through the blood-brain barrier and help antibiotics to recover their effectiveness against resistance."

The study was financed by the Swedish Research Council, HRH Crown Princess Lovisa's Association for Paediatric Care, the Magnus Bergvall Foundation, the Ahlen Foundation, the Silent School Foundation, the Wera Ekstrom Fund for Paediatric Research and the Gun and Bertil Stohne Foundation.

Niels Vander Elst has patent applications pending for the endolysin technique.
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What's a healthy amount of sleep? It differs from one country to another | ScienceDaily
Your optimal amount of sleep may depend on where you live, new University of British Columbia research has found.


						
An analysis of sleep data and health outcomes for nearly 5,000 people in 20 countries revealed that the hours of sleep required for good health varies significantly across different cultures, challenging the common belief that everyone needs the same amount.

"Despite the common advice to get eight hours of sleep, our findings suggest that sleep recommendations need to be adjusted based on cultural norms," said Dr. Steven Heine, professor of social and cultural psychology at UBC and senior author of the study published Tuesday in Proceedings of the National Academy of Sciences (PNAS). "There is no one-size-fits-all amount of sleep that works for everyone."

The study confirmed previous findings that average sleep time can vary widely from country to country. For example, the average in Japan was six hours and 18 minutes, while in France it was seven hours and 52 minutes. In Canada, it was seven hours and 27 minutes.

Other studies have found links between shorter sleep durations and poor health outcomes. However, this collaboration between UBC and University of Victoria researchers was the first to investigate whether people from countries with shorter sleep durations suffer from worse health.

The researchers found no evidence that people in countries with less sleep were less healthy than those in longer-sleeping nations.

"People who slept closer to their own culture's norms for sleep duration tended to have better overall health," said Dr. Christine Ou, assistant professor in the school of nursing at UVic and the study's lead author. "This suggests that the ideal amount of sleep is the amount that matches what is considered appropriate sleep in one's cultural context."

The researchers also discovered that in all 20 countries, people appeared to be sleeping at least one hour less than what was considered optimal for their culture.

The research underscores the importance of considering cultural context when making recommendations about sleep. It suggests that public health guidelines should be tailored to fit the cultural norms of different populations to promote better health outcomes.

Data for the study came from people in North America, Europe, Asia, Africa and South America.
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A healthy diet in childhood is linked to starting menstrual periods later, regardless of BMI or height | ScienceDaily
Eating a healthy diet as a child is linked to girls having their first menstrual period at an older age than those who consumed a less healthy diet, according to a new study published today (Wednesday) in Human Reproduction.


						
The findings remained unaltered by the girls' body mass index (BMI) or height, both of which have been associated with the earlier onset of periods.

The study has implications for health in later life as it is well known that women who started their periods at an early age may be at higher risk for diabetes, obesity, breast cancer and diseases of the heart and blood vessels.

Holly Harris, MPH, ScD, an associate professor at the Fred Hutchinson Cancer Center in Seattle, Washington, USA, who led the study, said: "I think our findings highlight the need for all children and adolescents to have access to healthy meal options, and the importance of school-based breakfasts and lunches being based on evidence-based guidelines."

The findings come from a large, prospective study of more than 7,500 children, aged between 9 and 14, who were enrolled in the Growing Up Today Study (GUTS) in the USA in two waves in 1996 and 2004. The researchers followed them through to 2001 and 2008, respectively.

For the first time, the researchers investigated the link between particular diets and the age that periods first started (menarche). They are also the first to examine whether BMI might have a modifying effect on the association between diet and age of menarche. Previous studies have only looked at BMI as something that needs to be considered when analysing results (a confounding factor).

Prof. Harris said: "In previous work that we had conducted in the Nurses' Health Study II, an ongoing prospective cohort, we observed a higher risk of breast cancer among people who consumed an inflammatory-promoting diet during adolescence and early adulthood. Following these results we were interested in understanding whether earlier life dietary intake might influence breast cancer through impact on risk factors for breast cancer that occur between early life and breast cancer, such as age at menarche. This led to the current study where we examined the impact of dietary patterns on age at menarche."

Before their periods started, the children completed questionnaires about their diet when they joined the study and then every one to three years thereafter. They also reported their age when their first period started.




The researchers assessed the girls' diets against two established dietary patterns: the Alternative Healthy Eating Index (AHEI), and the Empirical Dietary Inflammatory Pattern (EDIP). The AHEI awards more points for healthier foods, including vegetables, legumes and whole grains, while unhealthy foods such as red and processed meats, trans fats and salt are awarded fewer points. The EDIP scores diets in a way that reflects their overall potential for causing inflammation in the body. Foods that are linked to greater inflammation include red and processed meat, meat from animal organs, refined grains and high-energy drinks.

A total of 6,992 girls (93% of the whole group) had their first period during the study. Analysis of data from the questionnaires showed that the 20% of girls with the highest AHEI score and who, therefore, had the healthiest diets, were eight percent less likely to have their first period within the next month compared to the 20% of girls who had the lowest AHEI score. The 20% percent of participants with the highest EDIP score, which meant they had the most inflammatory diet, were 15% more likely to have their first period in the next month compared to the 20% who had the lowest EDIP score.

Prof. Harris said: "We observed that these two dietary patterns were associated with age at menarche, indicating that a healthier diet was linked to menstrual periods starting at an older age. Importantly, these results were independent of BMI and height, demonstrating the importance of a healthy diet regardless of body size. As earlier age at menarche is associated with multiple later life outcomes, including higher risk of diabetes, obesity, cardiovascular disease and breast cancer, this may be an important period for trying to reduce the risk of these chronic diseases."

The researchers believe that these results suggest the type of food eaten by girls during childhood and adolescence and its impact on inflammation may be what is influencing the time of menarche, rather than height and BMI.

"As this is the first study to look at these specific dietary patterns it is important to examine the association in other populations. It also highlights that eating a healthy diet, which we know is associated with chronic disease outcomes in later life, could also have benefits in adolescence. Generally, eating fruits, vegetables, whole grains, fatty fish, nuts and legumes, polyunsaturated fatty acids, while limiting intake of red and processed meats, refined grains, sugar-sweetened beverages and added salt, benefits everyone regardless of age," said Prof. Harris.

The researchers now plan to look at childhood and adolescence dietary patterns and body size to see how they may relate to characteristics of menstrual cycles in adulthood.

Strengths of the study include that it collected data on diet in a prospective manner, and it was able to see whether or not BMI and height influenced the association with age at menarche. Limitations include information on diet, weight, height and age at menarche was collected via questionnaires and may be subject to error; the researchers were not able to adjust directly for body fat, as measured by dual-energy X-ray absorptiometry; and the participants were predominately white and so the researchers were not able to see if results varied by race.
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Study suggests we don't just hear music, but 'become it' | ScienceDaily
An international study co-authored by McGill psychologist Caroline Palmer suggests our brains and bodies don't just understand music, they physically resonate with it. These discoveries, based on findings in neuroscience, music, and psychology, support Neural Resonance Theory (NRT).


						
NRT maintains that rather than relying on learned expectations or prediction, musical experiences arise from the brain's natural oscillations that sync with rhythm, melody and harmony. This resonance shapes our sense of timing, musical pleasure and the instinct to move with the beat.

"This theory suggests that music is powerful not just because we hear it, but because our brains and bodies become it," said Palmer, Professor in the Department of Psychology at McGill and Director of the Sequence Production Lab. "That has big implications for therapy, education and technology." The study's publication in Nature Reviews Neuroscience marks the first time the entire NRT is being published in a single paper, she said.

The theory suggests that structures like pulse and harmony reflect stable resonant patterns in the brain, shared across people independent of their musical background. According to NRT, how we hear and produce music can be explained by fundamental dynamical principles of human brain mechanisms that apply from the ear all the way to the spinal cord and limb movements.

Researchers say potential applications of the theory include:
The study was led by Edward Large (University of Connecticut) and co-authored by Caroline Palmer.

The study was funded in part by a Canada Research Chair and a NSERC Discovery Grant.
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Accelerating drug discovery with a single carbon atom | ScienceDaily
A research team from the University of Oklahoma has pioneered a groundbreaking method that could accelerate drug discovery and reduce pharmaceutical development costs. Their work, published in the Journal of the American Chemical Society, introduces a safe, sustainable way to insert a single carbon atom into drug molecules at room temperature. These atoms have versatile diversification handles for further modifications that allow researchers to enhancing chemical diversity without compromising sensitive structures.


						
Nitrogen atoms and nitrogen-containing rings, known as heterocycles, play crucial roles in the development of medicines. A research team led by OU Presidential Professor Indrajeet Sharma has found a way to change these rings by adding just one carbon atom using a fast-reacting chemical called sulfenylcarbene. This method, called skeletal editing, transforms existing molecules into new drug candidates.

"By selectively adding one carbon atom to these existing drug heterocycles in the later stages of development, we can change the molecule's biological and pharmacological properties without changing its functionalities," he said. "This could open uncharted regions of chemical space in drug discovery."

Previous studies have demonstrated a similar concept but relied on potentially explosive reagents, exhibited limited functional group compatibility, and posed significant safety concerns for industrial-scale applications.

Sharma's team has developed a bench-stable reagent that generates sulfenylcarbenes under metal-free conditions at room temperature, achieving yields as high as 98%. Avoiding metal-based carbenes helps reduce environmental and health risks because many metals are known to have some level of human toxicity.

The researchers are also exploring how this chemistry could revolutionize a fast-growing area in pharmaceutical science known as DNA-encoded library (DEL) technology. DEL platforms allow researchers to rapidly screen billions of small molecules for their potential to bind to disease-relevant proteins.

The metal-free, room-temperature conditions of the team's new carbon insertion strategy make it a compelling candidate for use in DNA-encoded libraries. Unlike other reactions that need harsh chemicals or high heat, this new method works in water-friendly liquids and is gentle enough to use with molecules attached to DNA.

By enabling precise skeletal editing in collaboration with the Damian Young group at the Baylor College of Medicine, Sharma's approach could significantly enhance the chemical diversity and biological relevance of DEL libraries. Importantly, these are two key bottlenecks in drug discovery.

"The cost of many drugs depends on the number of steps involved in making them, and drug companies are interested in finding ways to reduce these steps. Adding a carbon atom in the late stages of development can make new drugs cheaper. It's like renovating a building rather than building it from scratch," Sharma said. "By making these drugs easier to produce at large scale, we could reduce the cost of healthcare for populations around the world."
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Breakthrough discovery uses gut bacteria and AI to diagnose a chronic pain syndrome | ScienceDaily
McGill University researchers, in collaboration with colleagues in Israel and Ireland, have developed AI technology that can detect patterns in gut bacteria to identify complex regional pain syndrome (CRPS) with remarkable accuracy, potentially transforming how CRPS is diagnosed and treated.


						
CRPS, estimated to affect between 400,000 and 2.1 million people worldwide, typically develops in a limb after injury or surgery and can lead to long-term disability. It causes severe, persistent pain -- often far worse than the initial injury -- along with swelling and changes in skin colour and temperature.

"CRPS remains challenging to treat, with patients often experiencing prolonged suffering before receiving appropriate care," said senior author Dr. Amir Minerbi, Director of the Institute for Pain Medicine at Rambam Health Campus in Haifa, Israel, and senior lecturer at the Technion -- Israel Institute of Technology.

A 'microbiome signature' of CRPS

The study, published in the journal Anesthesiology, used advanced machine learning to analyze gut microbiome samples from two cohorts, one from Israel and one from Canada.

"What's remarkable about this study is that we trained our machine learning algorithms on high quality microbiome data from patients in Israel and successfully predicted CRPS in Canadian patients with over 90-per-cent accuracy," said Emmanuel Gonzalez, lead author and member of the McGill Centre for Microbiome Research and Canadian Centre for Computational Genomics.

"This is extraordinary because factors like geography, climate, diet and natural variation between people typically create large microbiome differences. Yet, our AI approach seems to have identified a common 'microbiome signature' of CRPS, suggesting microbiome-based diagnostics could work across populations in different countries."

The research identified significant differences between the gut bacteria of CRPS patients and pain-free individuals.




Findings suggest some people might be prone to CRPS

Surprisingly, the researchers also found that even patients whose symptoms completely disappeared after limb amputation still had the same gut bacteria pattern, or microbiome signature, linked to CRPS.

"This persistent signature suggests the gut microbiome might make some people more prone to developing CRPS, with an injury or other event triggering the condition," said Dr. Yoram Shir, Professor in the Department of Anesthesia at McGill's Faculty of Medicine and Health Sciences, who led the clinical work in Montreal.

The findings were based on analyses of 120 microbiome and over 100 plasma samples, making this one of the largest-ever investigations of the gut microbiome in connection with chronic pain conditions.
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How AI tools can improve manufacturing worker safety, product quality | ScienceDaily
Recent artificial intelligence advances have largely focused on text, but AI increasingly shows promise in other contexts, including manufacturing and the service industry. In these sectors, targeted AI improvements can improve product quality and worker safety, according to a new study co-authored by an interdisciplinary team of experts from the University of Notre Dame.


						
The study, published in Information Fusion, explores how a class of AI tools capable of processing multiple types of inputs and reasoning can affect the future of work. These tools, which include ChatGPT, are known as multimodal large language models. And while most studies on AI and work have focused on office work, this new research examined production work settings, where the benefits of AI may seem less apparent.

Notre Dame researchers collaborated with Indiana welding experts at the Elkhart Area Career Center, Plymouth High School, Career Academy South Bend, Plumbers & Pipefitters Local Union 172 and Ivy Tech Community College to gather images for the study, leveraging relationships cultivated through the work of the University's iNDustry Labs. Northern Indiana has one of the highest concentrations of manufacturing jobs in the United States and iNDustry Labs has collaborated with more than 80 companies in the region on more than 200 projects.

Research focused on welding across several industries: RV and marine, aeronautical and farming. The study examined how accurately large language models assessed weld images to determine whether the welds shown would work for different products. Researchers found that while these AI tools showed promise in assessing weld quality, they performed significantly better analyzing curated online images compared to actual welds.

"This discrepancy underscores the need to incorporate real-world welding data when training these AI models, and to use more advanced knowledge distillation strategies when interacting with AI," said co-author Nitesh Chawla, the Frank M. Freimann Professor of Computer Science and Engineering at the University of Notre Dame and the founding director of the University's Lucy Family Institute for Data and Society. "That will help AI systems ensure that welds work as they should. Ultimately, this will help improve worker safety, product quality and economic opportunity."

Researchers discovered that context-specific prompts may enhance the performance of AI models in some cases, and noted that the size or complexity of the models did not necessarily lead to better performance. Ultimately, the study's co-authors recommended that future studies focus on improving models' ability to reason in unfamiliar domains.

"Our study shows the need to fine-tune AI to be more effective in manufacturing and to provide more robust reasoning and responses in industrial applications," said Grigorii Khvatski, a doctoral student in Notre Dame's Department of Computer Science and Engineering and a Lucy Family Institute Scholar.




Yong Suk Lee, associate professor of technology, economy and global affairs in Notre Dame's Keough School of Global Affairs and program chair for technology ethics at Notre Dame's Institute for Ethics and the Common Good, said the study's findings have important implications for the future of work.

"As AI adoption in industrial contexts grows, practitioners will need to balance the trade-offs between using complex, expensive general-purpose models and opting for fine-tuned models that better meet industry needs," Lee said. "Integrating explainable AI into these decision-making frameworks will be critical to ensuring that AI systems are not only effective but also transparent and accountable."

The study received funding from the U.S. National Science Foundation Future of Work program and is one of the federally funded research projects at the University of Notre Dame.

In addition to Chawla, Khvatski and Lee, study co-authors include Corey Angst, the Jack and Joan McGraw Family Collegiate Professor of IT, Analytics and Operations in the University's Mendoza College of Business; Maria Gibbs, senior director of Notre Dame's iNDustry Labs; and Robert Landers, advanced manufacturing collegiate professor in Notre Dame's College of Engineering.
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Most people say they want to know their risk for Alzheimer's dementia, fewer follow through | ScienceDaily
As researchers make progress in understanding how Alzheimer's disease develops, there are growing opportunities for healthy research participants to learn their risk of developing Alzheimer's disease dementia in the future. While many organizations often advocate for investigators to share risk estimates with individual participants, there are ethical concerns around doing so, given that there are no medical interventions to change that risk.


						
A new study from Washington University School of Medicine in St. Louis examines the choices such healthy research volunteers make when given the opportunity to learn their risk of developing Alzheimer's disease dementia. The researchers found a large discrepancy between the percentage of participants who said they would like to learn their risk if such estimates became available and the percentage who followed through to learn those results when given the actual opportunity.

The knowledge could help researchers design studies that offer the option of receiving results in ways that don't pressure participants into making one choice over another. The study also emphasizes the importance of ensuring participants truly want their research results because hypothetical interest does not necessarily translate into wanting to learn one's risk of Alzheimer's disease dementia when it is actually offered.

The study is published May 6 in JAMA Network Open.

"In general, there is movement toward giving research participants and patients their test results, even in situations when nothing can be done with those results," said senior author Jessica Mozersky, PhD, an assistant professor of medicine at the Bioethics Research Center and an investigator at the Charles F. and Joanne Knight Alzheimer Disease Research Center, both at WashU Medicine. "But our study suggests that in sensitive cases -- such as when estimating the risk of developing a debilitating and deadly disease -- people should have the option to not know."

In recent years, the National Academies of Sciences, Engineering and Medicine have recommended that research study designs in general include the option to return test results to participants, even when such results can't be acted on. Similarly, a committee of study participants, their care partners and members of dementia advocacy organizations recently proposed a bill of rights for Alzheimer's disease research participants that advocates for access to such results.

At the same time, ethical concerns remain because of the possibility of causing anxiety and other harm to participants who learn they are at high risk of developing a debilitating and incurable dementia. Unlike preventive options for individuals who learn they are at high genetic risk of certain cancers, for example, there are currently no approved preventive treatments or medical interventions available to stave off Alzheimer's disease dementia.




To get a clearer picture of who declines Alzheimer's disease dementia risk results and why, Mozersky and her colleagues turned to long-running research at WashU Medicine's Knight Alzheimer Disease Research Center. Since 1979, the Memory & Aging Project has provided a framework to study brain function in participants as they age. Over the decades, the project has evolved and expanded into several long-running studies of the development and progression of Alzheimer's disease, including the development of biomarker tests to determine risk.

For the current study, Mozersky's team focused on cognitively normal volunteers who underwent a battery of tests, including genetic tests, blood draws and brain scans, from which researchers could estimate their probability of developing Alzheimer's disease dementia over the following five years. Participants originally joined the long-term study understanding that they would not have the option to receive their own risk results. Even so, Mozersky said, over the years many have expressed a theoretical interest in learning their results. The study, co-led with Sarah M. Hartz, MD, PhD, a professor of psychiatry at WashU Medicine, offered results to a subset of participants in the Memory & Aging project -- 274 participants -- to assess the psychological impact of learning their risk, and the factors they consider when making that decision.

Before deciding, participants received an information guide explaining how risk is estimated and listing some examples of pros and cons of learning their results. For example, on the pro side, some people may learn their risk is lower than they might have expected. And if biomarker test results suggest a participant is at high risk of developing Alzheimer's disease dementia over the next five years, they may become eligible to participate in clinical trials of investigational prevention strategies. On the other hand, knowledge of high risk may cause anxiety or complicate the purchase of some types of insurance.

When the results were theoretical, 81% of people in the larger, long-term research said they would choose to know. In contrast, when real results were offered to the 274 participants in the Memory & Aging Project, only 60% opted to receive them. Participants with a parental history of Alzheimer's disease and participants who self-identified as African American were more likely than others to decline the results.

A sample of participants who declined to learn their results were interviewed afterward, and the most common reasons given included that knowing would be a burden to themselves or their family members, their own negative experiences and perceptions of Alzheimer's disease dementia, that they feel good about their memory currently, that they're already prepared for the disease, and that there is still uncertainty in predictions of disease risk.

"The lack of preventive treatments is also a big factor in declining to receive the results of biomarker tests among people without symptoms of Alzheimer's disease dementia," Mozersky said. "When we conducted interviews with some participants to better understand their choice not to know, many said that a new effective treatment might change their mind, if it became available."

Because the results are only available through research studies, they are not added to the participant's medical record by the investigators. Still, such results could end up in a patient's medical record if a participant shares them with their doctor.




"We plan to continue our research into the complexities of these questions, especially as returning results to research participants becomes more common, even if those results can't be acted on yet," Mozersky said.

Goswami S, Hartz SM, Oliver A, Jackson S, Oluwatomisin O, Evans A, Linnenbringer E, Moulder K, Morris J, Mozersky J. Research participant interest in learning results of biomarker tests for Alzheimer disease. JAMA Network Open. May 6, 2025.

This work was supported by the National Institutes of Health (NIH), grant numbers R01 AG065234, P30AG066444, P01AG003991, P01AG026276 and UL1TR002345.

Washington University has a financial stake in C2N diagnostics, which makes the Precivity ADTM plasma Alzheimer's Disease biomarker test, one of the test results offered to participants in this study. No individual researcher who conducted this study has a personal financial interest in C2N diagnostics.
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New chronic pain therapy retrains the brain to process emotions | ScienceDaily
A new study led by UNSW Sydney and Neuroscience Research Australia (NeuRA) shows that targeting emotional processing is key to treating and managing chronic pain.


						
The study is based on a randomised controlled trial led by Professor Sylvia Gustin and Dr Nell Norman-Nott, both from UNSW and NeuRA. Along with a team at NeuRA's Centre for Pain IMPACT, they published their results today in JAMA Network Open.

The trial showed that enhancing the brain's capacity for emotional processing through therapeutic intervention is an effective approach to managing chronic pain.

"By changing how we manage emotions, it is possible to change the experience of pain itself," Prof. Gustin says. "This is not just a temporary relief but a potential long-term improvement in quality of life for those affected by chronic pain."

Prof. Gustin and Dr Norman-Nott developed Pain and Emotion Therapy  -- a novel and emerging eHealth intervention. The therapy aims to retrain the brain to more easily process emotions by improving an individual's ability to deescalate negative emotions and enhance positive ones.

The trial took place from March 2023 to September 2024 and focused on the experiences of 89 people with chronic pain. The authors say the results could lead to new ways of treating chronic pain, emphasising the profound impact of emotional health on physical wellbeing.

The online therapy, made available through the trial, is the first of its kind, delivered through eight group-based therapist-guided sessions by video conference across Australia. Participants also used an app and handbook for self-learning. The control group continued their usual treatment.




Prof. Gustin says those who received the new treatment reported better emotional regulation as well as pain reduction equal to a 10-point decrease on a 100-point scale for pain intensity within a six-month follow up.

"This shows not only a clinical improvement, but one that makes a noticeable difference in the daily lives of the people affected," she says.

Understanding chronic pain

Chronic pain, defined as pain lasting longer than three months, affects around 30% of people globally. The economic costs are estimated to be higher than that of heart disease, cancer and diabetes combined.

Declining mental health is also widespread, with up to 80% of people with chronic pain experiencing depression and anxiety. In addition, suicide rates are two to three times higher than those of the general population.

"A key factor in disease progression is the inability to regulate negative emotions," Prof. Gustin says. "This is disrupted by the impact of persistent pain on the brain's emotional circuitry. The resulting emotion dysregulation is an ill-understood and undertreated aspect of chronic pain, which we addressed in this trial."

Study participant Jabez Allies has had chronic back pain for 10 years. She says chronic pain affects her emotions.




"It makes me feel more worried, moody and frustrated, which in turn affects my pain. The more negative emotions I have, the worse my pain is, and vice versa," she says.

Prof. Gustin says this cycle of worsening pain and increasing negative emotions is a common presentation.

"It shows us that chronic pain really does have a considerable effect on how people feel and the level of pain they experience."

A boost to traditional treatments

Dr Norman Nott says that in the past 50-60 years, the model of chronic pain has shifted focus.

"We've gone from purely medical and biological approaches to a more holistic treatment model that includes addressing social and psychological experiences," Dr Norman Nott says.

She says while prescription and non-prescription pain medications continue to play an important role in treatment, they have limitations.

"I'm thinking particularly of side effects and diminishing efficacy over time. Opioids, specifically, present considerable issues with dependency and declining effectiveness."

She says, "though psychological therapies come with few side effects, we know there are still improvements needed, particularly to address the key mental health concerns of people with chronic pain, such as identifying and expressing emotions, and calming down emotional reactiveness.

"The focus on training for emotional regulation appears to be the missing piece of the jigsaw puzzle of chronic pain treatment.

"This is why we created this therapy -- to focus on emotion processing by improving how people manage their emotions."

Richard Beaumont is a participant who has had cancer pain and chronic lower back pain for 11 years. He says he frequently gets pain that reaches an eight or nine out of 10.

"After receiving Pain and Emotion Therapy I can bring this right down to a four or five just by calming the farm," he says.

Targeting the emotional brain

"Previous research shows us that the brain can be trained to identify negative emotions and regulate them," Prof. Gustin says. "With this trial we can now see that engaging emotion regulation skills can reduce the intensity of pain and improve several other factors such as depression, anxiety and sleep problems."

Dr Norman-Nott says this new therapy works by teaching participants that we need emotions in our lives.

"Often when we live with chronic pain for many years, negative emotions get pushed down and positive emotions become harder to identify," Dr Norman-Nott says.

"We focus on helping to identify and bring up those negative emotions so that they can be acknowledged and resolved -- while also realising the potential positive aspects of life and setting goals for the future."

Accessible treatment for all

The accessibility of psychological treatment for chronic pain is a key point of governmental concern.

The progression and management of the disease are further aggravated by long wait times and limited healthcare services outside of capital cities.

"Our online treatment delivery reduced barriers by making it accessible to those who struggle with mobility, social anxiety, or physical exhaustion from travelling to in-person appointments," Dr Norman-Nott says.

"It enabled them to participate from every state in Australia, including many from remote and regional locations.

"Participants attended the online sessions from their homes, or wherever it was comfortable for them, so they could train their emotion regulation skills when it suited them via the customised app and workbook."

The next step for rolling out Pain and Emotion Therapy is a larger clinical trial supported by the Medical Research Future Fund, due to start in 2026.

The researchers are now calling for participants to register their interest in the trial.

"The results we've seen so far are a big improvement in our understanding of chronic pain, showing how important it is to treat both the body and emotions together," says Prof. Gustin.
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Food as medicine: How diet shapes gut microbiome health | ScienceDaily
The modern Western-style diet -- high in processed foods, red meat, dairy products, and sugar -- alters the composition of the gut microbiome in ways that can have a huge impact on health. This dietary pattern, which is also low in fruits, vegetables, and whole grains, reduces the variety of microbes in the digestive system and the metabolites they produce. This, in turn, increases risk for several immune system-related conditions such as inflammatory bowel disease.


						
In new research published in Nature, researchers from the University of Chicago show how mice fed a Western-style diet are not able to rebuild a "healthy," diverse gut microbiome following antibiotic treatment. These mice were also more susceptible to infection by pathogens like Salmonella. However, mice given food loosely mimicking a Mediterranean diet -- high in plant-based fiber from fruits, vegetables, and whole grains -- were able to quickly restore a healthy and resilient gut microbiome after antibiotics.

"We were really surprised by how dramatically different the recovery process is in the mice on the Western-style diet versus the healthier one," said Megan Kennedy, a student in the Medical Scientist Training Program at UChicago and lead author of the study.

Rebuilding after a forest fire

Antibiotics can have a devastating effect on the gut microbiome. While often given to treat infections by specific pathogens, antibiotics are indiscriminate and can wipe out entire communities of bacteria, both the bad ones causing disease and the good, commensal ones that help keep us healthy.

Eugene B. Chang, MD, Martin Boyer Professor of Medicine at UChicago, a senior author on the study and one of Kennedy's PhD advisors, likens this to a forest fire -- meaning that natural rules of ecology apply when rebuilding the community of bacteria in the gut. This analogy is fitting, given that Kennedy's other advisor, Joy Bergelson, PhD, formerly of UChicago, studies how plants interact and co-evolve with microbes. Bergelson, another senior author on the study, is now Silver Professor of Biology at New York University and Executive Vice President of Life Sciences at the Simons Foundation.

"The mammalian gut microbiome is like a forest, and when you damage it, it must have a succession of events that occur in a specific order to restore itself back to its former health," Chang said. "When you are on a Western diet, this does not happen because it doesn't provide the nutrients for the right microbes at the right time to recover. Instead, you end up with a few species that monopolize these resources, and don't set the stage for other organisms that are required for recovery."

Unfortunately, overuse of antibiotics and the Western diet are common in the United States. This led Kennedy and Chang to explore how this combination of microbiome-disrupting practices affects gut health.




They started with mice that were fed with food mimicking a typical Western-style diet (WD) or a diet of regular mouse chow (RC) with diverse sources of plant fiber and low fat. Both groups were then treated with antibiotics. Later, some mice continued the same diet, while some were switched to the other diet.

The researchers also reintroduced microbes to the mice after antibiotics through fecal microbial transplant (FMT). The rationale behind using FMT is that it can restore a healthy equilibrium in the gut by transferring microbes in the stool from healthy animals to another.

When the researchers analyzed the makeup of microbes in these different test groups, they saw that only the mice on RC, either before or after antibiotics, were able to recover to a healthy equilibrium of microbes. Further analysis by Christopher Henry, PhD, a computational biologist at Argonne National Laboratory, and his group showed that this diet promotes networks of metabolites that set the stage for microbes to rebuild a healthy ecosystem.

FMT had a negligible impact on recovery, however, among the mice on WD after antibiotics. These mice were also susceptible to infection with Salmonella, a common intestinal pathogen.

"It doesn't seem to matter what microbes you're putting into the community through FMT, even if it's matched in every way possible to the ideal transplant," Kennedy said. "If the mice are on the wrong diet, the microbes don't stick, the community doesn't diversify, and it doesn't recover."

Eat your fruit and vegetables, again

Kennedy and Chang say this shows how diet builds the crucial foundation for a diverse, robust, and resilient gut microbiome. Besides promoting overall good health, one potential clinical application is using diet to treat infections in patients following cancer treatment or organ transplants. These patients are often placed on powerful antibiotics and immunosuppressant drugs, which can lead to infections with multidrug-resistant bacteria. Adding more antibiotics would only compound the situation. Instead, Chang said, "Maybe we can use diet to rebuild the commensal microbes that have been suppressed under these therapies. We can restore the healthy microbiome much quicker and prevent the emergence of more multidrug-resistant organisms."




Despite the new details on how diet changes the gut microbiome, the study also repeats the same message parents have been telling their kids since time immemorial: eat your fruits and vegetables, they're good for you. But both researchers also recognize they can't expect everyone to become vegans overnight for the sake of their health.

Kennedy suggests that people could think about adding more healthy foods to their diet to prepare for an upcoming surgery when they know they'll be taking antibiotics. Chang is also working on what he calls a "have your cake and eat it too" approach, where people could take custom supplements to bolster their gut health, even if they don't drastically change their diet.

"I've become a believer that food can be medicinal," Chang said. "In fact, I think that food can be prescriptive, because we can ultimately decide what food components are affecting which populations and functions of the gut microbiome."

The study, "Diet outperforms microbial transplant to drive microbiome recovery in mice," was supported by the National Institutes of Health, the Gastrointestinal Research Foundation of Chicago, the Simons Foundation, the U.S. Department of Energy and collaborators at the Chinese University of Hong Kong funded by the Innovation and Technology Council of Hong Kong.
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Research advances on 'displacing' antibiotic resistance gene from bacteria | ScienceDaily
Birmingham scientists have identified essential genetic code for a method called plasmid curing, which aims to 'displace' antibiotic resistance genes from bacteria.


						
Plasmids, which are small, circular strands of DNA, play a crucial role in allowing bacteria to share beneficial genes rapidly in a changing environment, most concerningly when they carry genes conferring resistance to antibiotics.

Professor Chris Thomas from Birmingham's School of Biosciences has investigated plasmid curing for many years, and engineered useful "multi-copy" (many copies in each bacterium) plasmids for this purpose, resulting in a patented, efficient way to displace unwanted plasmids that carry resistance.

However, when developing this into a "pro-biotic" system that could spread through the gut on "low-copy" plasmids, the Thomas lab found that they had to engineer the plasmid to have a higher number of copies before it gave efficient displacement, which they called "potentiation."

His further work, published in Nucleic Acids Research, explored why this potentiation was necessary and discovered that the issue lay in part of the "problem" F plasmids that are often found in E. coli bacteria and which his lab was using as their model target system.

Professor Thomas said: "We have identified the part of the plasmid that is absolutely essential for it to work in plasmid displacement, and built a completely new 'curing cassette' that does not need to be potentiated."

While the current paper covers the basic science and reveals the genetic code that underpins this more robust design, Professor Thomas' work has now moved on to investigating the spread of plasmids in animal models of the gut. The paper describing the results of this further work is in preparation and he says it is very encouraging.




"We know that animals are reservoirs of antibiotic resistance genes that can be transmitted to humans, and we now understand better how to make curing plasmids that work in a real context."

Professor Thomas, and his research collaborators at Harper Adams University, Surrey University Veterinary School, and the Animal and Plant Health Agency, are now seeking commercial partners interested in developing ingestible probiotics to combat antibiotic resistance in gut bacteria, in both animals and humans.

About plasmids

Plasmids often encode genes that provide its host with a survival advantage under specific environmental conditions. While chromosomes transfer their information vertically (when cells reproduce), plasmids also transfer genes horizontally, from bacteria to bacteria, enabling a rapid amplification of their genes through a bacterial population. Plasmids carrying antibiotic resistance genes are quite common, particularly in bacteria that interact with humans and animals, and F plasmids, which are often found in Escherichia coli (a common bacteria in the human gut), are a primary means of transferring antibiotic resistance genes between bacteria, including to other related species.
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Social drinking also a well-worn path to alcohol use disorder | ScienceDaily
When picturing a "typical" alcoholic, people tend to imagine a person drinking at home alone. But that focus overlooks the social origins of many serious alcohol problems, say the authors of a new review paper in the journal Current Directions in Psychological Science.


						
"Evidence for the centrality of social motives in problem drinking surround us," write the authors, Catharine Fairbairn, a professor of psychology at the University of Illinois Urbana-Champaign, and Dahyeon Kang, of the University of Washington. "While solitary drinking might serve as a useful early indicator of alcohol use disorder risk ... research suggests that individuals reliably consume more alcohol in social contexts than when alone."

The concept of problem drinkers being solitary drinkers dominates depictions of alcoholism in popular culture and influences the design of scientific studies, the authors note.

"Within the realm of alcohol use disorder research, basic scientific studies of the solitary drinker outnumber studies of the social drinker by a factor of nearly ten-fold, and theories of problem drinking seek to explain alcohol use disorder via broadly asocial mechanisms," they write.

People tend to assume that "the mere presence of other individuals exerts a beneficial effect" that tempers the desire to overindulge when drinking, Fairbairn said. This concept also provides some cover for those who would rather not feel responsible for acquaintances who drink excessively in social settings.

It is true that solitary drinking is a hallmark of some of the most severe cases of alcohol use disorder, "but focusing exclusively on solitary drinking ignores behaviors responsible for the majority of alcohol-related societal harms," she said.

Young people are often initiated into the world of alcohol consumption by their peers, and heavy drinkers tend to seek out other heavy drinkers to indulge in their habit together, the authors write. Scientific studies also suggest that people tend to consume more alcohol in social settings than in private.




"Some of the most serious negative consequences from alcohol use are linked specifically with social consumption," they write. "In particular, alcohol-related violence, risky sex, and extreme binge drinking are all primarily or exclusively social-drinking phenomena," as are traffic-related fatalities.

Alcohol use may quell anxiety and lower inhibition, potentially enhancing social experiences. These qualities reinforce its role as a tool for fostering feelings of social connectedness, the authors note. In fact, studies have shown that those who report the highest levels of enjoyment from drinking in social situations also are more likely to develop alcohol-related problems. There also is evidence that people turn to alcohol in an effort to salvage troubled relationships.

The authors point to the many alcohol-related social attractions and potential harms as an example that may be repeated with other once-illicit substances like cannabis that are now gaining social acceptance.

"As an addictive drug that enjoys an extraordinary level of integration into human social life, alcohol foreshadows legal and medical dilemmas ahead," they write.

The National Institutes of Health supported the research.
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Parent coaching sparks major communication growth in infants with social and communication delays | ScienceDaily
A newly published trial from Kennedy Krieger Institute reveals a promising path forward for infants showing early signs of social communication delays.


						
The study found that targeted coaching for caregivers of infants as young as 8 months significantly enhances babies' communication and cognitive development. Caregivers in the trial received 16 in-home sessions with a trained developmental psychologist. Strategies included narrating an infant's actions, such as saying "you rolled the ball," and choosing toys that support language, attention, and engagement.

This is one of the first trials to evaluate parent-led interventions for infants under 12 months with social delays. Dr. Rebecca Landa, executive director of the Center for Autism Services, Science and Innovation (CASSI) and study lead author, says this model empowers families by helping them to learn strategies to increase their infant's engagement and communication.

"We know early development sets the stage for lifelong outcomes," said Dr. Landa. "This study shows we don't have to wait for a diagnosis to act. Parents can make meaningful progress with their babies through an effective set of strategies."

Key findings from the study include:
    	Caregivers who received coaching in use of child engagement strategies were more effective during interactions with their babies than those who received general education alone.
    	Infants in the coaching group showed greater gains in face-to-face social engagement and nonverbal learning.
    	Joint attention, such as looking between a toy and a person, nearly doubled in the intervention group.
    	Caregiver use of targeted strategies increased by 20% after the trial.
    	Improvements lasted at least eight weeks post-intervention.

Social communication delays are early indicators of disorders such as autism, but interventions often don't begin until age 2 or 3 years. This study presents a strong case for starting support in the first year of life when the brain is most adaptable.

"This research shows that starting intervention before children are expected to talk could have a major impact on communication development," said Dr. Landa. "Instead of waiting and watching, we can start supporting families when concerns arise and potentially prevent more significant delays from taking hold."
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Cutting greenhouse gases will reduce number of deaths from poor air quality | ScienceDaily
Up to 250,000 deaths from poor air quality could be prevented annually in central and western Europe by 2050 if greenhouse gas emissions are drastically reduced, say researchers.


						
A study by atmospheric scientists at the University of Leeds has revealed that the number of deaths could be significantly reduced, but only if there is a strong focus on reducing greenhouse gases and air pollutants.

As well as finding that strong climate mitigation would result in large reductions in air quality mortality, the team has also discovered that it reduces the inequitable burden of air quality mortality in more deprived parts of Europe. Their findings are published today (6 May) in the journal Earth's Future.

Lead author Connor Clayton, a PhD student in the School of Earth and Environment and the Priestley Centre for Climate Futures, said: "The strategies that policymakers take to mitigate climate change will have considerable implications for human exposure to air quality, not least of which are the number of deaths.

"But they also urgently need to consider the persistent inequity of exposure between wealthier and more deprived populations which continues to be an issue even though air pollution has reduced across Europe."

Poor air quality is the largest environmental risk factor for early deaths leading to an estimated 8 million deaths per year globally, according to recent analysis by the World Bank and the World Economic Forum.

The World Health Organisation recently stated that almost every organ in the body can be impacted by air pollution and that due to their small size, some pollutants penetrate the bloodstream via the lungs and circulate throughout the entire body, leading to systemic inflammation and carcinogenicity.




Exposure to air pollution can lead to strokes, ischaemic heart disease, cardiovascular disease, chronic obstructive pulmonary disease, lung cancer, pneumonia, diabetes, cognitive impairment, dementia and neurological diseases. There is also some evidence linking air pollution exposure to the increased risk for adverse pregnancy outcomes, such as low birth weight.

Estimations of future mortality in Europe from air pollution often reach hundreds of thousands per year but vary depending on the methodology used.

The team looked at the health impacts in Europe in 2014 and 2050 from exposure to harmful fine particulate matter, which can penetrate deep into the lungs, and surface level ozone, which is formed when sunlight interacts with certain pollutants like nitrogen oxides.

They looked at three scenarios, with low, medium and high levels of action taken by policymakers to combat climate change. A detailed atmospheric chemistry model was used to simulate the future air quality in 2050.

They found that deprived regions of Europe currently have proportionally higher death rates from air pollution than less deprived regions but that reductions in emissions would reduce that inequity.

A medium level of action to combat climate change proved to be more beneficial to deprived regions because there was more focus on emissions reductions from the housing, industry and transport sectors.




A high level of action, which also included reductions in agricultural emissions, would lead to improvements in air quality across the continent as well as an improvement in equity and far larger reductions in mortality overall.

When looking at 2014, the researchers found that fine particulate matter was usually higher in central and eastern Europe than in western Europe, with particularly high concentrations in the Po Valley in Italy, in Bosnia and Herzegovina, and in southern Poland.

In future scenarios where action was taken to curb greenhouse gas emissions, the amount of fine particulate matter decreased, with the largest reductions in central Europe -- particularly southwest Germany -- and in some urban centres, such as Paris.

Reductions in fine particulate matter were highest in the scenario where CO2 emissions were cut severely, reaching net zero after 2050. This scenario led to 90% reductions in southwest Germany and Paris.

Dr Jim McQuaid, who led the research, added: "This work provides evidence that there are direct health benefits from moving towards a low carbon economy.

"Air pollutants and the climate warming gases and aerosols are one and the same, it is very much two sides of the same coin. It was particularly good to see that those who suffer most from air pollution currently benefit most from the benefits of the the drive to a net zero world."

The researchers believe their results suggest directions that policymakers could take to ensure public health is protected and is managed equitably as Europe considers how to mitigate against climate change.
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Low blood sugar contributes to eye damage and vision loss in diabetic retinopathy; experimental drug may help treat condition | ScienceDaily
In a new National Institutes of Health-funded study led by scientists at the Wilmer Eye Institute, Johns Hopkins Medicine researchers say they have determined that low blood sugar, or hypoglycemia, may promote a breakdown of the blood-retinal barrier, an important boundary that regulates the flow of nutrients, waste and water in and out of the retina.


						
The research, which investigated the phenomenon in diabetic mice, provides insights into the origin of diabetic retinopathy, specifically in patients with episodes of hypoglycemia. Diabetic retinopathy, a severe complication of both type 1 and type 2 diabetes, can cause permanent vision damage if left untreated.

The full study, published in Science Translational Medicine on April 30, explains that a specific protein known as hypoxia-inducible factor (HIF) accumulates in certain cells in the retina during periods of low blood sugar.

HIF has been implicated in diabetic retinopathy and other eye diseases before. The protein can trigger a chain reaction, switching on overproduction of other proteins which lead to overgrowth and leakage of blood vessels in the retina. Now, scientists have found that HIF is a player in how the blood-retinal barrier breaks down during hypoglycemia.

Researchers tested HIF's role in hypoglycemia by inducing periods of low blood sugar in mice with and without diabetes. Their experiments showed that mice with diabetes had higher levels of HIF during hypoglycemia, enough to promote the breakdown of the blood-retinal barrier and cause leakage in retinal blood vessels, while mice without diabetes did not experience higher levels of HIF. This breakdown in diabetic retinopathy contributes to irreversible damage to the retina and vision loss.

The team investigated further by testing an experimental drug known as 32-134D, which inhibits the HIF protein. Some diabetic mice received an injection of 32-134D prior to induced episodes of low blood sugar, and researchers observed lower HIF levels, in turn preventing the expression of proteins that promote the breakdown of the blood-retinal barrier and blood vessel leakage.

"These studies help explain why patients with diabetes who are initially started on tight glucose control, the cornerstone of diabetic management, or those who have high glycemic variability (transient episodes of very low -- followed by very high -- serum glucose levels), experience worsening of their diabetic eye disease," says corresponding author Akrit Sodhi, M.D., Ph.D., associate professor of ophthalmology and the Branna and Irving Sisenwein Professor of Ophthalmology at the Johns Hopkins University School of Medicine and the Wilmer Eye Institute. "Our findings underscore why therapies targeting HIF will be an effective approach to prevent or treat diabetic retinopathy."

Researchers are planning future studies on HIF, the breakdown of the blood-retinal barrier and 32-134D, and hope to conduct clinical studies of 32-134D in patients with diabetic retinopathy.

Additional authors for this study include Chuanyu Guo, Yueqi Niu, Xuemei Pan, Deepti Sharma, Evan Lau, Yang Jin, Md Amanullah, Kevin Lo and Jiang Qian of the Wilmer Eye Insitute, Johns Hopkins Medicine; Guillaume Luxardi and Ala Moshiri of the University of California, Davis; and Silvia Montaner of the University of Maryland. Xuemei Pan also has affiliations to the Shandong University of Traditional Chinese Medicine.

This work was supported by the National Eye Institute, NIH grants R01EY029750, EY035889, EY032104 and EY001765; the Research to Prevent Blindness, Inc., Special Scholar Award and unrestricted grants to the Wilmer Eye Institute, Johns Hopkins Medicine; the Norman Raab Foundation; and the Branna and Irving Sisenwein Professorship in Ophthalmology.
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Evidence review raises concern about cannabis use in pregnancy | ScienceDaily
An updated systematic review finds that consuming cannabis while pregnant appears to increase the odds of preterm birth, low birth weight and infant death.


						
The study by researchers at Oregon Health & Science University published today in the journal JAMA Pediatrics.

The lead author is a physician-scientist who provides prenatal care for high-risk pregnancies at OHSU.

"Patients are coming to me in their prenatal visits saying, 'I quit smoking and drinking, but is it safe to still use cannabis?'" said lead author Jamie Lo, M.D., M.C.R., associate professor of obstetrics and gynecology (maternal-fetal medicine) in the OHSU School of Medicine. "Until direct harms have been proven, they perceive it to be safe to use."

In fact, cannabis remains one of the most common substances used in pregnancy that's still illegal under federal law, and, unlike declines in prenatal use of alcohol or nicotine, cannabis use is continuing to increase. Lo said many of her patients are reluctant to give up cannabis during pregnancy because it helps to reduce common prenatal symptoms such as nausea, insomnia and pain.

Researchers updated the systematic review and meta-analysis, drawing on a total of 51 observational studies involving 21.1 million people to examine the potential adverse effects of cannabis use in pregnancy. The researchers found eight new studies since their previous update, raising the certainty of evidence from "very-low-to-low" to "moderate" for increased odds of low birth weight, preterm birth and babies being small for their gestational age.

The updated review indicated increased odds of newborn mortality, though still with low certainty.




Researchers noted that the new systematic review includes a larger proportion of human observational studies examining people who only use cannabis, but don't also use nicotine. And even though the evidence is low to moderate for adverse outcomes, Lo noted that the findings are consistent with definitive evidence in nonhuman primate models exposed to THC, the main psychoactive compound in cannabis.

The related research in animal models included standard prenatal ultrasound and MRI imaging that revealed a detrimental effect on the placenta in terms of blood flow and availability of oxygen in addition to decreased volume of amniotic fluid.

"These findings tell me as an obstetrician that the placenta is not functioning as it normally would in pregnancy," Lo said. "When the placenta isn't functioning well, it can affect the baby's development and growth."

Even though cannabis remains a Schedule 1 substance under the federal Controlled Substances Act, Oregon is one of several states that have legalized it under state law for medicinal and recreational use. Lo said she recommends a harm-reduction approach to patients. For those who cannot abstain, she advises them to reduce the amount and frequency of use to help reduce the risk of prenatal and infant complications.

"Even using less can mitigate the risk," she said. "Abstinence is ideal, but it's not realistic for many patients."

In addition to Lo, co-authors include Snehapriya Yaddala, PharmD., Beth Shaw, M.S., Shannon Robalino, M.S., of OHSU; Chelsea Ayers, M.P.H., Rachel Ward, B.A., of the Veterans Affairs Portland Health Care System; and Devan Kansagara, M.D., of OHSU and the Portland VA.

The research is part of the Systematically Testing the Evidence on Marijuana (STEM) project, funded by the Office of Rural Health in the Veterans Health Administration of the U.S. Department of Veterans Affairs. Research is also supported by the National Institute on Drug Abuse of the National Institutes of Health, award DP1 DA056493. The content is solely the responsibility of the authors and does not necessarily represent the official views of the VA or the NIH.
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Shingles vaccine lowers the risk of heart disease for up to eight years | ScienceDaily
People who are given a vaccine for shingles have a 23% lower risk of cardiovascular events, including stroke, heart failure, and coronary heart disease, according to a study of more than a million people published in the European Heart Journal today (Tuesday).


						
The protective effect of the vaccine lasts for up to eight years and is particularly pronounced for men, people under the age of 60 and those with unhealthy lifestyles, such as smoking, drinking alcohol and being inactive.

The study was led by Professor Dong Keon Yon from the Kyung Hee University College of Medicine, Seoul, South Korea. He said: "Shingles causes a painful rash and can lead to serious complications, especially in older adults and those with weak immune systems. Previous research shows that, without vaccination, about 30% of people may develop shingles in their lifetime.

"In addition to the rash, shingles has been linked to a higher risk of heart problems, so we wanted to find out if getting vaccinated could lower this risk."

The study included 1,271,922 people aged 50 or older living in South Korea. Researchers gathered data, from 2012 onwards, on whether people received a shingle vaccine and combined this with data on their cardiovascular health and data on other factors that can influence health, such as age, sex, wealth and lifestyle.

The vaccine was a live zoster vaccine, meaning it contained a weakened form of the varicella zoster virus that causes shingles. In many countries, this type of vaccine is now being replaced with a non-live, recombinant vaccine, meaning it contains a protein from the varicella zoster virus.

The study showed that among people who received the vaccine, there was a 23% lower risk of cardiovascular events overall, with a 26% lower risk of major cardiovascular events (a stroke, heart attack or death from heart disease), a 26% lower risk of heart failure and a 22% lower risk of coronary heart disease.




The protective effect was strongest in the two to three years after the shingles vaccine was given, but researchers found that the protection lasted for up to eight years.

Professor Yon said: "Our study suggests that the shingles vaccine may help lower the risk of heart disease, even in people without known risk factors. This means that vaccination could offer health benefits beyond preventing shingles.

"There are several reasons why the shingles vaccine may help reduce heart disease. A shingles infection can cause blood vessel damage, inflammation and clot formation that can lead to heart disease. By preventing shingles, vaccination may lower these risks. Our study found stronger benefits in younger people, probably due to a better immune response, and in men, possibly due to differences in vaccine effectiveness.

"This is one of the largest and most comprehensive studies following a healthy general population over a period of up to 12 years. For the first time, this has allowed us to examine the association between shingles vaccination and 18 different types of cardiovascular disease. We were able to account for various other health conditions, lifestyle factors and socioeconomic status, making our findings more robust.

"However, as this study is based on an Asian cohort, the results may not apply to all populations. Since the live zoster vaccine is not suitable for everyone, more research on the recombinant vaccine is needed. While we conducted rigorous analysis, this study does not establish a direct causal relationship, so potential bias from other underlying factors should be considered."

Professor Yon and his colleagues also plan to study the impact of the recombinant vaccine to see if it has similar benefits for reducing heart disease.
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A long and ongoing look at the secrets of human longevity and healthy aging | ScienceDaily
It's notable when a scientific study reaches the decade mark, but when the topic is the healthy aging of people who have lived 10 times as long, it just means there's still a lot more to learn.


						
This month, researchers participating in the Cilento Initiative on Aging Outcomes or CIAO study will gather in Acciaroli (Pollica-Cilento) Salerno, Italy to review a decade of work and plan their next steps. Launched in 2016, the CIAO study seeks to identify key factors (biological, psychological and social) that promote healthy aging and extreme longevity.

The Natural Park of Cilento region in southern Italy is home to roughly 300 residents who are more than 100 years old and in robust health. The broader region is notable for the long lives of its residents. It was the original source of research for Ancel Keys, the American physiologist who studied the influence of diet on health and first promoted the benefits of the Mediterranean diet.

Scientists hope to reveal the longevity secrets of the Cilento region using an array of tools to measure metabolomics, biomes, cognitive dysfunction and protein biomarkers for risk of heart disease, Alzheimer's, kidney disease and cancer, along with psychological, social and lifestyle surveys.

"There is no single secret to living a long, healthy life," said Salvatore Di Somma, MD, the study's lead Italian investigator, founder of Great Health Science and symposium co-chair. "It is many secrets, most of which we are only beginning to understand and more importantly, learn how they might be applied to the well-being of everybody. The remarkable centenarians in our study are leading the way."

The CIAO study is a multi-institution collaboration that includes Sanford Burnham Prebys, an independent, nonprofit biomedical research institute in San Diego, the Sanford Stem Cell Institute at University of California San Diego, University La Sapienza in Rome and Great Health Science, a network of public and private research organizations based in Rome, Italy.

The May 22-23 symposium, officially called the "CIAO Study: A decade of science on healthy aging, stem cells and the revealed secrets of longevity," will feature a series of scientists and physicians describing their work and findings, from general demographic and epidemiological aspects to deeper dives into brain cell aging, the regenerative powers of stem cells and RNA biology.




"Understanding how we age and how we might age better is a timeless pursuit," said David Brenner, MD, president and CEO of Sanford Burnham Prebys and co-chair of the symposium. "Ten years in, with the benefit of new and emerging technologies and global collaborations, we've come a long way. It's important to look at where we are now and what our key questions and steps will be in the next 10 years."

One current CIAO project leverages genetic, epigenetic, transcriptomic, metabolic, proteomic and environmental analyses to identify key contributors to extreme longevity. Supported by the Sanford Stem Cell Institute at UC San Diego, researchers are using induced pluripotent stem cell (iPSC) derived from the centenarians to model age-related and metabolic stresses in human 3D organoids.

"This study will provide new insights into the development of regenerative medicine strategies for promoting healthy aging and treating age-related conditions," said Tatiana Kisseleva, MD, PhD, professor of surgery at UC San Diego School of Medicine and director of the Sanford Stem Cell Fitness and Space Medicine Center. Preliminary findings are expected to be presented at the symposium.

The CIAO study has already generated multiple published papers and intriguing findings. Among them:
    	In a 2016 presentation, researchers reported that the oldest residents participating in the CIAO study exhibited robust microcirculation of blood comparable in efficiency to people 30 years younger. They also noted that low blood levels of the peptide hormone adrenomedullin were an indicator for good microcirculation.
    	In 2018, using a mix of scales to measure mental and physical well-being, resilience, optimism, anxiety, depression and perceived stress, researchers assessed 29 nonagenarians and 51 family members between the ages of 51 and 75. They found the study participants aged 90 and older had worse physical health but better mental well-being than their younger counterparts. Exceptional longevity was characterized by a balance between acceptance of and grit to overcome adversities, along with a positive attitude and close ties to family, religion and the land, providing purpose in life.
    	In 2020, a cross-sectional sampling of nonagenarians and centenarians, along with younger co-inhabitants from Cilento, evaluated key lifestyle, medical, echocardiographic and electrocardiographic features to identify the cardiovascular profile and lifetstyle factors associated with longevity. In contrast to their younger co-inhabitants, the older group did not smoke, had lower fasting glucose levels and lower LDL cholesterol despite being half as likely to be taking statins. They were physically active and enjoyed comparatively low levels of cardiovascular disease -- even persons with structural heart abnormalities experienced fewer symptoms.
    	Also in 2020, researchers sought to define the neurocognitive profiles of 29 residents of the Cilento region at least 90 years old and 49 younger residents ages 50 to 75 years. They found that the older cohort appeared to enjoy cognitive status comparable to their younger cohabitants without significant differences in oxidative stress markers or the APOE genotype -- a genetic variation that determines a person's risk for developing certain diseases, particularly Alzheimer's. The authors concluded that the results might be related to the older group's optimal adherence to the Mediterranean diet, though other lifestyle factors and positive personality traits might be contributing to their healthy aging.
    	Researchers investigating the relationship between loneliness and wisdom compared different age cohorts in San Diego and Cilento, using two validated loneliness scales. They found no significant differences in levels of loneliness among the groups, but a strong inverse correlation between loneliness and wisdom in all groups. Loneliness worsened general health, sleep quality and feelings of happiness, while wisdom improved these measures.
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        One glass, full color: Sub-millimeter waveguide shrinks AR glasses
        Augmented-reality (AR) technology is rapidly finding its way into everyday life, from education and healthcare to gaming and entertainment. However, the core AR device remains bulky and heavy, making prolonged wear uncomfortable. A breakthrough now promises to change that. A research team has slashed both thickness and weight using a single-layer waveguide.

      

      
        Waxing and waning prairie: New study unravels causes of ancient climate changes
        A long period of drought in North America has been recognized by scientists for decades. A new study links the severe climate to a change in Earth's orbit.

      

      
        Robotic dog mimics mammals for superior mobility on land and in water
        A team of researchers has unveiled a cutting-edge Amphibious Robotic Dog capable of roving across both land and water with remarkable efficiency.

      

      
        All of the biggest U.S. cities are sinking
        A new study of the 28 most populous U.S. cities finds that all are sinking to one degree or another. The cities include not just those on the coasts, where relative sea level is a concern, but many in the interior. Furthermore, using newly granular data, the study finds that some cities are sinking at different rates in different spots, or sinking in some places and rising in others, potentially introducing stresses that could affect buildings and other infrastructure.

      

      
        AI-designed DNA controls genes in healthy mammalian cells for first time
        A recent study marks the first reported instance of generative AI designing synthetic molecules that can successfully control gene expression in healthy mammalian cells. As a proof-of-concept, the authors of the study asked the AI to design synthetic fragments which activate a gene coding for a fluorescent protein in some cells while leaving gene expression patterns unaltered. They created the fragments from scratch and dropped them into mouse blood cells, where the sequence fused with the genome...

      

      
        Feat of 'dung-gineering' turns cow manure into one of world's most used materials
        A new technique to extract tiny cellulose strands from cow dung and turn them into manufacturing-grade cellulose, currently used to make everything from surgical masks to food packaging, has been developed.

      

      
        A pipette that can activate individual neurons
        Researchers have developed a new type of pipette that can deliver ions to individual neurons without affecting the sensitive extracellular milieu. Controlling the concentration of different ions can provide important insights into how individual brain cells are affected, and how cells work together. The pipette could also be used for treatments.

      

      
        Transforming hospital sanitation: Autonomous robots for wiping and UV-C disinfection
        A research team develops disinfection robot combining physical wiping and UV-C sterilization.

      

      
        Groundbreaking device instantly detects dangerous street drugs, offering hope for harm reduction
        Groundbreaking device instantly detects dangerous street drugs, offering hope for harm reduction A portable device that instantly detects illicit street drugs at very low concentrations, thereby highlighting the risks they pose. The device has the potential to address the growing global problem of people unknowingly taking drugs that have been mixed with undeclared substances, including synthetic opioids such as fentanyl and nitazenes.

      

      
        Viruses under the super microscope: How influenza viruses communicate with cells
        Influenza viruses are among the most likely triggers of future pandemics. A research team has developed a method that can be used to study the interaction of viruses with host cells in unprecedented detail. With the help of their new development, they have also analyzed how novel influenza viruses use alternative receptors to enter target cells.

      

      
        New algorithms can help GPs predict which of their patients have undiagnosed cancer
        Two new advanced predictive algorithms use information about a person's health conditions and simple blood tests to accurately predict a patient's chances of having a currently undiagnosed cancer, including hard to diagnose liver and oral cancers. The new models could revolutionize how cancer is detected in primary care, and make it easier for patients to get treatment at much earlier stages.

      

      
        Is virtual-only couture the new clothing craze?
        As fast fashion continues to fill wardrobes and landfills at a staggering pace, new research suggests that the future of fashion might lie not in fabric, but in pixels.

      

      
        Specialized face mask can detect kidney disease with just your breath
        Surgical face masks help prevent the spread of airborne pathogens and therefore were ubiquitous during the COVID-19 pandemic. Now, a modified mask could also protect a wearer by detecting health conditions, including chronic kidney disease. Researchers incorporated a specialized breath sensor within the fabric of a face mask to detect metabolites associated with the disease. In initial tests, the sensor correctly identified people with the condition most of the time.

      

      
        Stellar collapse and explosions distribute gold throughout the universe
        Magnetar flares, colossal cosmic explosions, may be directly responsible for the creation and distribution of heavy elements across the universe, suggests a new study.

      

      
        New roadmap advances catalytic solutions to destroy 'forever chemicals'
        Researchers have outlined a bold new roadmap for harnessing heterogeneous catalysis to destroy per- and polyfluoroalkyl substances (PFAS), the so-called 'forever chemicals' that have contaminated water supplies worldwide.

      

      
        NFL players more likely to injure knee after shorter rest period
        National Football League (NFL) players may be more likely to sustain a specific type of knee injury if they have a shorter period of rest between games.

      

      
        Physicists snap the first images of 'free-range' atoms
        Physicists captured the first images of individual atoms freely interacting in space. The pictures reveal correlations among the 'free-range' particles that until now were predicted but never directly observed.

      

      
        Smart spongy device captures water from thin air
        Engineers have invented a sponge-like device that captures water from thin air and then releases it in a cup using the sun's energy, even in low humidity where other technologies such as fog harvesting and radiative cooling have struggled. The water-from-air device remained effective across a broad range of humidity levels (30 -- 90%) and temperatures (5 -- 55 degrees Celsius).

      

      
        Smart lactation pads can monitor safety of breast milk in real time
        Scientists have developed a lactation pad equipped with sensing technology that allows parents of newborns to monitor breast milk in real time. The device is capable of ensuring that breast milk contains safe levels of the painkiller acetaminophen, which is often prescribed after childbirth and can be transferred to breastfeeding infants.

      

      
        Piecing together the brain puzzle
        Our brain is a complex organ. Billions of nerve cells are wired in an intricate network, constantly processing signals, enabling us to recall memories or to move our bodies. Making sense of this complicated network requires a precise look into how these nerve cells are arranged and connected. A new method makes use of off-the-shelf light microscopes, hydrogel and deep learning.

      

      
        AI model improves delirium prediction, leading to better health outcomes for hospitalized patients
        An artificial intelligence (AI) model improved outcomes in hospitalized patients by quadrupling the rate of detection and treatment of delirium. The model identifies patients at high risk for delirium and alerts a specially-trained team to assess the patient and create a treatment plan, if needed.

      

      
        New vacuum-assisted extrusion technique improves performance of polymer prints
        Scientists have developed a vacuum-assisted extrusion method that reduces internal porosity -- by up to 75% -- in large-scale 3D-printed polymer parts. Large-scale additive manufacturing has been hindered by internal porosity that weaken printed components. Reducing porosity is key to improving overall performance. Researchers tackled this challenge with a novel approach: integrating a vacuum hopper during the extrusion process to remove trapped gases and minimize void formation in fiber-reinforc...

      

      
        Cracking the code: Deciphering how concrete can heal itself
        Lichen is an understated presence in our everyday world, often found clinging to trees and rocks. Its true beauty lies in its unique symbiotic system of fungi and algae, or cyanobacteria, that form a self-sustaining partnership, allowing it to thrive in even the harshest conditions. With that inspiration, researchers created a synthetic lichen system that collaborates like natural lichens. Their system uses cyanobacteria, which turns air and sunlight into food, and filamentous fungi, which produc...

      

      
        Vapor-deposited perovskite semiconductors power next generation circuits
        A research team has developed a groundbreaking technology poised to revolutionize next-generation displays and electronic devices.

      

      
        AI has untapped potential to advance biodiversity conservation
        A new study suggests the use of artificial intelligence (AI) to rapidly analyze vast amounts of biodiversity data could revolutionize conservation efforts by enabling scientists and policymakers to make better-informed decisions.

      

      
        Study of velvet worm slime could revolutionize sustainable material design
        A new discovery about the slime ejected by velvet worms could revolutionize sustainable material design. The findings outline how a naturally occurring protein structure, conserved across species from Australia, Singapore and Barbados over nearly 400 million years of evolution, enables the slime's transformation from liquid to fiber and back again. It's a discovery that could inspire next-generation recyclable bioplastics.

      

      
        Practical new tool created for detecting nanoplastics and microplastics in the environment
        A team of researchers has developed a cost-effective, high-throughput technology for detecting nanoplastics and microplastics in the environment. These particles are pervasive, posing health and environmental risks, yet detecting them at the nanoscale has been difficult. The 3D-printed HoLDI-MS test platform overcomes the limitations of traditional mass spectrometry by enabling direct analysis of samples without requiring complex sample preparation. The researchers say it also will work for detec...

      

      
        Ultra-thin bismuth holds unexpected promise for green electronics
        Electronic devices rely on materials whose electrical properties change with temperature, making them less stable in extreme conditions. A discovery that challenges conventional wisdom in physics suggests that bismuth, a metal, could serve as the foundation for highly stable electronic components. The researchers observed a mysterious electrical effect in ultra-thin bismuth that remains unchanged across a wide temperature range, from near absolute zero (-273 C) to room temperature.

      

      
        Okra, fenugreek extracts remove most microplastics from water
        The substances behind the slimy strings from okra and the gel from fenugreek seeds could trap microplastics better than a commonly used synthetic polymer. Previously, researchers proposed using these sticky natural polymers to clean up water. Now, they report that okra and/or fenugreek extracts attracted and removed up to 90% of microplastics in ocean water, freshwater and groundwater.

      

      
        Gender characteristics of service robots can influence customer decisions
        While service robots with male characteristics can be more persuasive when interacting with some women who have a low sense of decision-making power, 'cute' design features -- such as big eyes and raised cheeks -- affect both men and women similarly, according to new research.

      

      
        Development, agriculture present risks for drinking water quality
        Converting forest land to urban development or agricultural use can present risks to water quality when done near streams or river sources. This study examined data from 15 water treatment plants in the Middle Chattahoochee watershed to model the impacts of four potential land use scenarios several decades into the future.

      

      
        Accelerating drug discovery with a single carbon atom
        A research team has pioneered a groundbreaking method that could accelerate drug discovery and reduce pharmaceutical development costs. Their work introduces a safe, sustainable way to insert a single carbon atom into drug molecules at room temperature.

      

      
        Breakthrough in fuel cell recycling turns 'forever chemicals' into renewable resources
        A new technique that uses soundwaves to separate materials for recycling could help prevent potentially harmful chemicals leaching into the environment.

      

      
        Breakthrough discovery uses gut bacteria and AI to diagnose a chronic pain syndrome
        Researchers have developed AI technology that can detect patterns in gut bacteria to identify complex regional pain syndrome (CRPS) with remarkable accuracy, potentially transforming how CRPS is diagnosed and treated.

      

      
        NASA's NICER maps debris from recurring cosmic crashes
        Astronomers have probed the physical environment of repeating X-ray outbursts near monster black holes thanks to data from NASA's NICER (Neutron star Interior Composition Explorer) and other missions.

      

      
        Experimental quantum communications network
        Researchers recently connected their campuses with an experimental quantum communications network using two optical fibers.

      

      
        How AI tools can improve manufacturing worker safety, product quality
        Recent artificial intelligence advances have largely focused on text, but AI increasingly shows promise in other contexts, including manufacturing and the service industry. In these sectors, targeted AI improvements can improve product quality and worker safety, according to a new study.

      

      
        Would a musical triangle of any other shape sound as sweet?
        Researchers captured sound fields around musical triangles. They wanted to understand the physical properties of the triangle instrument, test assumptions about the contribution of the triangle shape, and capture clear documentation through pictures of the sound waves around the triangle. Using acousto-optic imaging to study detailed characteristics of sound vibration pattern, the team found results that suggest resonance may occur in the triangle's semi-open space.

      

      
        Do manta rays benefit from collective motion?
        Researchers model the motions of groups of manta rays to study how group dynamics affect their propulsion, studying different formations of three manta rays: in tandem, in a triangular setup with one manta ray in front leading two behind, and in an inverse triangular configuration with one manta ray trailing the other two. They found the tandem formation only significantly increases propulsion for the middle manta ray, and the two triangular setups result in overall decreased efficiency compared ...

      

      
        Bridging Worlds: Physicists develop novel test of the Holographic Principle
        In the quest toward finding the correct theory of quantum gravity, physicists have been testing the holographic principle which, they say, is a key property of any valid theory of quantum gravity.

      

      
        Scientists discover a new way to convert corn waste into low-cost sugar for biofuel
        Scientists have found a new way to produce sugar from corn stalks and other crop waste, potentially opening a new pathway to sustainable biofuels.

      

      
        New silver mass brings us a step closer in our understanding of the antineutrino mass
        Neutrinos and antineutrinos are elementary particles with small but unknown mass. High-precision atomic mass measurements have revealed that beta decay of the silver-110 isomer has a strong potential to be used for the determination of electron antineutrino mass. The result is an important step paving the way for future antineutrino experiments.

      

      
        Accordion effect makes graphene stretchable
        Graphene is a 'miracle material': mechanically extremely strong and electrically highly conductive, ideal for related applications. Using a unique method physicists have now made graphene drastically more stretchable by rippling it like an accordion. This paves the way for new applications in which certain stretchability is required (e.g. wearable electronics).

      

      
        Fruit and microbes boost biogas production and fermentation
        A new study shows that adding fruit and microbes to alfalfa, a protein-rich feed for livestock, improves fermentation and biogas production.

      

      
        Robotic touch sensors are not just skin deep
        Researchers argue that the problem that has been lurking in the margins of many papers about touch sensors lies in the robotic skin itself.

      

      
        Topical gel relieved ear infections in animals after just one dose
        Ear infections are a common and painful occurrence in infants and toddlers. Oral antibiotics are often prescribed for a week to treat the condition, but these drugs can trigger side effects that disrupt treatment, which can lead to infection recurrence and antibiotic resistance. Now, researchers report a topical antibiotic gel that, applied once, cured middle ear infection within 24 hours in chinchillas.

      

      
        Big problem for fusion energy solved
        A new shortcut can help engineers design leak-proof magnetic confinement systems for fusion reactors 10 times as fast as the gold standard method, without sacrificing accuracy. While several other big challenges remain for all magnetic fusion designs, this advance addresses the biggest challenge that's specific to a type of fusion reactor first proposed in the 1950s, called a stellarator.

      

      
        A Big Data approach for battery electrolytes
        A new article puts artificial intelligence and machine learning on the task of finding new, powerful electrolytes for designing next-generation batteries for electric vehicles, phones, laptops and grid-scale energy storage. The paper outlines a new framework for finding molecules that maximize three components that make an ideal battery electrolyte -- ionic conductivity, oxidative stability and Coulombic efficiency.

      

      
        Text-to-video AI blossoms with new metamorphic video capabilities
        Computer scientists have developed a new AI text-to-video model that learns real-world physics knowledge from time-lapse videos.

      

      
        Making virtual reality more accessible
        Researchers have created a method that makes virtual reality (VR) more accessible to people with mobility limitations.
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One glass, full color: Sub-millimeter waveguide shrinks AR glasses | ScienceDaily
Augmented-reality (AR) technology is rapidly finding its way into everyday life, from education and healthcare to gaming and entertainment. However, the core AR device remains bulky and heavy, making prolonged wear uncomfortable. A breakthrough from POSTECH now promises to change that.


						
One of the main hurdles to the commercialization of AR glasses has been the waveguide. In AR optics, the lens itself also serves as a "highway of light," guiding virtual images directly to the user's eye. Due to chromatic dispersion, conventional designs have required separate waveguide layers for red, green, and blue light -- three to six stacked glass sheets -- inevitably increasing both weight and thickness.

Professor Junsuk Rho and colleagues at POSTECH have eliminated the need for multiple layers by developing an achromatic metagrating that handles all colors in a single glass layer. The key is a array of nanoscale silicon-nitride (Si?N?) pillars whose geometry was finely tuned by a stochastic topology-optimization algorithm to steer light with maximum efficiency.

In experiments, the researchers produced vivid full-color images using a 500-mm-thick single-layer waveguide -- about one-hundredth the diameter of a human hair. They also secured a comfortable 9-mm eyebox, ensuring images remain sharp even if the viewer's eye shifts slightly.

The new design erases color blur while outperforming multilayer optics in brightness and color uniformity. Once commercialized, this technology could make AR glasses as thin and light as ordinary eyewear, reducing wearer fatigue and trimming manufacturing costs thanks to a simpler process. The era of truly everyday AR is a step closer.

"This work marks a key milestone for next-generation AR displays," said Prof. Rho. "Coupled with scalable, large-area fabrication, it brings commercialization within reach."

The study, authored by Junsuk Rho (corresponding author, POSTECH), Seokwoo Kim, Joohoon Kim, and Seokil Moon, was carried out by POSTECH's Departments of Mechanical, Chemical and Electrical Engineering and the Graduate School of Interdisciplinary Bioscience & Bioengineering, in collaboration with the Visual Team at Samsung Research. It was published online on April 30, 2025 in Nature Nanotechnology. This research was supported by POSCO Holdings N.EX.T Impact, Samsung Research, the Ministry of Trade, Industry and Energy's Alchemist Project, the Ministry of Science and ICT's Global Convergence Research Support Program, and the Mid-Career Researcher Program.
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Waxing and waning prairie: New study unravels causes of ancient climate changes | ScienceDaily
A long period of drought in North America has been recognized by scientists for decades. A new study links the severe climate to a change in Earth's orbit.


						
A new study from the University of Helsinki has provided a compelling new explanation for the devastating droughts which have taken place in North America thousands of years ago.This period, known as the Holocene, covers the time of generally warm climate following the last ice age. These exceptionally long-lasting droughts had drastic impacts on forest dieback and ecosystem transformations; understanding their causes is essential to improving societal resilience to future climate variations.

The reasons for these long droughts, however, have remained obscure. In the new study published in Nature Communications, University of Helsinki researchers, joined by co-authors from U.S., German and Swedish research institutions, analyse the development and causes of the drought in eastern North America, in a broad region spanning from the Rocky Mountains to the Atlantic Ocean.

"Evidence from the last 11,000 years highlights that North American water supplies have changed dramatically in the past, at times extending drought as severe as the 1930s Dust Bowl drought for centuries to millennia. Understanding the causes and consequences of these droughts can help improve our ability to anticipate future change," explains Bryan Shuman, co-author of the study from University of Wyoming.

In the new study, the researchers used datasets of fossil pollen grains, which have been recovered from numerous locations in North America over the past several decades. Using a computer algorithm based on machine learning, the researchers were able to reconstruct the variation of moisture levels over the Holocene based on the fossil pollen.

The study was led by J. Sakari Salonen, an Academy of Finland research fellow at the Department of Geosciences and Geography, at University of Helsinki. According to Salonen, the study confirms that the moisture conditions were continuously below modern levels for thousands of years.

Salonen notes, however, that different parts of North America experienced different drought histories. "The dry conditions first kick in in the northeastern U.S. and the nearby regions of Canada, which is today one of the wetter regions of North America. Here, we see peak drought already at 11,000 years ago," says Salonen.




The drought, then, shifts west. Salonen explains: "In the mid-continent, where we have modern prairie region, we see most severe drought at about 7,000 years ago, so thousands of years later than at the Atlantic coast. By this time, the Atlantic coast was already getting wetter, and it's like the entire climate anomaly causing the thousands-of-years long drought started migrating westward."

"Particularly in the eastern US, there's often a perception today that water is always available. However, studies of the past show that these long droughts can trigger major shifts in fire regime and tree die-offs, even in the east. So it's critical to understand the spatial patterns of these droughts and their causes," says Jack Williams from University Wisconsin-Madison, who also contributed to the study.

The researchers compared their Holocene climate reconstructions to numerical climate simulations which they ran for the same time periods. These supercomputer experiments allowed the scientists to explore what could have caused the long droughts.

Frederik Schenk, atmospheric physicist at Stockholm University and visiting scientist at University of Helsinki, tells that the new generation of climate models, performed at 2-4 times greater resolution than before, proved decisive in unravelling the causes of the drought.

The causes revealed by the climate simulations, tells Schenk, are two-fold. "The simulations show that in the early Holocene, the high-pressure system at the ice sheet, remaining in the northern part of the continent, steered moisture transport, which explains the geographic shift in dry conditions," says Schenk. After the ice sheet melted, drought set in across the entire region, as summers got increasingly warm and dry.

The Holocene drought has interesting parallels with the future climate that is expected to take hold in North America over the next decades, as anthropogenic climate change progresses. By the end of this century, most of North America is projected to become increasingly dry, despite gradually increasing precipitation. This is because the increase in evaporation, due to the warming climate, is predicted to dry out surface soils even as rainfall increases.




The researchers note that this is exactly what they see in their simulations of the Holocene drought. "Overall, a warmer climate will be wetter. But this doesn't apply to all regions. As seen in our results, there are clear regional limits of how much rain can be delivered to balance the warming-driven evaporation. For the strong summer warming in the past, it just didn't add up, giving way to millennia-long droughts," explains Schenk.

However, the underlying causes of the past and future drought are different. In the early Holocene, drying was caused by a slow change in Earth's orbit, which caused summers to get warmer, finally pushing much of North America into drought. Now, the ongoing warming and the predicted drier conditions are due to the rapid increase in greenhouse gases in the atmosphere.

"If the climate projections for this century hold true, we're looking at a speed-run repeat of what happened, for natural causes, ten thousand years ago," says Salonen.

Changes in Earth's orbit drive long-term climate change

Long-term natural climate change is greatly affected by gradual changes in Earth's orbit. These changes, which impact for example the tilt of Earth's rotational axis and the shape of Earth's elliptical orbit around the Sun, are known as Milankovic cycles and have periodicities ranging from about 26,000 to 100,000 years.

During the Quaternary period (past 2.6 million years), the Milankovic cycles have caused repeated ice ages and intervening warm periods, known as interglacials. The peak of the last ice age, approximately 20,000 years ago, occurred when the northern hemisphere received comparatively little sunlight due to the geometry of the Earth's orbit, allowing large ice sheets to accumulate in the northern parts of North America and Europe.

By 10,000 years ago, a reversal in the orbit had melted much of the northern ice sheets, giving way to the Holocene, the current interglacial. During the period of greatest warmth around 10,000 to 4,000 years ago, known as the Holocene thermal maximum, many parts of the Earth were significantly warmer than during the preindustrial era. The new results of University of Helsinki researchers and their co-authors suggest that this warmth was also a key driver of the multi-millennial droughts in North America.

During the past millennia, Earth has been gradually cooling following the Holocene thermal maximum. This long-term climate trend has, however, been interrupted by the abrupt warming caused by the anthropogenic increase in greenhouse gases in the atmosphere. Following the warming in the past century, it is estimated that Earth is currently warmer than it has been in at least 100,000 years, as climatic variability has been forced out of its long-term natural cycle.

Funding

The study was funded by the Research Council of Finland, the Swedish Research Council for Sustainable Development (FORMAS), the Swedish Research Council (Vetenskapsradet), and the U.S. National Science Foundation.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250508113112.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Robotic dog mimics mammals for superior mobility on land and in water | ScienceDaily
A team of researchers has unveiled a cutting-edge Amphibious Robotic Dog capable of roving across both land and water with remarkable efficiency. The study, published in IOP Publishing's Bioinspiration and Biometrics, was inspired by mammals' ability to move through water as well as on land.


						
Existing amphibious robots are largely inspired by reptiles or insects, and often face limitations in agility, dynamics, and load capacity. Basing the amphibious robot on the swimming style of dogs allows for it to easily transition between land and water and overcome many of the challenges faced by insect-inspired designs.

The amphibious robot paves the way for future applications in environmental research, military vehicles, rescue missions, and beyond.

To enhance its water mobility, the amphibious robotic dog features a unique paddling mechanism, modelled after the swimming motion of dogs. Careful engineering of its structure, including precise weight and buoyancy balance, ensures stable and effective aquatic performance.

The team developed and tested three distinct paddling gaits:
    	Two doggy paddle-inspired approaches optimised for speed and propulsion
    	A trot-like paddling style, designed for enhanced stability in water

Through extensive experimentation, the doggy paddle method proved superior for speed, achieving a maximum water speed of 0.576 kilometres per hour (kph), while the trot-like style prioritised stability. On land, the amphibious robotic dog reaches speeds of 1.26 kph, offering versatile mobility in amphibious environments.

"This innovation marks a big step forward in designing nature-inspired robots," says Yunquan Li, corresponding author of the study.

"Our robot dog's ability to efficiently move through water and on land is due to its bioinspired trajectory planning, which mimics the natural paddling gait of real dogs. The double-joint leg structure and three different paddling gaits address previous limitations such as slow swimming speeds and unrealistic gait planning, making the robotic dog much more effective in water."
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All of the biggest U.S. cities are sinking | ScienceDaily
A new study of the 28 most populous U.S. cities finds that all are sinking to one degree or another. The cities include not just those on the coasts, where relative sea level is a concern, but many in the interior. Furthermore, using newly granular data, the study finds that some cities are sinking at different rates in different spots, or sinking in some places and rising in others, potentially introducing stresses that could affect buildings and other infrastructure. Massive ongoing groundwater extraction is the most common cause of these land movements, say the authors, though other forces are at work in some places.


						
The study was published this week in the journal Nature Cities.

"As cities continue to grow, we will see more cities expand into subsiding regions," said lead author Leonard Ohenhen, a postdoctoral researcher at the Columbia Climate School's Lamont-Doherty Earth Observatory. "Over time, this subsidence can produce stresses on infrastructure that will go past their safety limit."

Rapidly subsiding coastal metropolises such as Jakarta, Venice and New Orleans have already drawn major attention, and multiple recent studies have shown that many places along the U.S. East Coast and elsewhere are subsiding. But most studies have relied on relatively sparse data spread over wide areas to paint a broad picture.

Looking at all U.S. cities with populations exceeding 600,000, the new study uses recent satellite data to map out vertical land movements down to the millimeter in grids measuring just 28 meters (about 90 feet) square. The authors found that in 25 of the 28 cities, two-thirds or more of their area is sinking. Overall, about 34 million people live in affected areas.

The fastest-sinking city is Houston, with more than 40% of its area subsiding more than 5 millimeters (about 1/5 inch) per year, and 12% sinking at twice that rate. Some localized spots are going down as much as 5 centimeters (2 inches) per year. Two other Texas cities, Fort Worth and Dallas, are not far behind. Some localized fast-sinking zones in other places include areas around New York's LaGuardia Airport, and parts of Las Vegas, Washington, D.C. and San Francisco.

In addition to measuring surface-elevation changes, the researchers analyzed county-level groundwater withdrawals for the affected areas. Correlating this with land movements, they determined that groundwater removal for human use was the cause for 80% of overall sinkage. Generally, this happens as water is withdrawn from aquifers made up of fine-grained sediments; unless the aquifer is replenished, the pore spaces formerly occupied by water can eventually collapse, leading to compaction below, and sinkage at the surface. In Texas, the problem is exacerbated by pumping of oil and gas, the paper says.




The researchers say that continued population growth and water usage combined with climate-induced droughts in some areas will likely worsen subsidence in the future.

In some areas, natural forces are at work. In particular, the weight of the towering ice sheet that occupied much of interior North America until about 20,000 years ago made the land along its edges bulge upward, somewhat like when one squeezes air from one part of a balloon to another. Even today, with the ice long gone, some of these bulges are still subsiding at rates of 1 to 3 millimeters each year. Affected cities include New York, Indianapolis, Nashville, Philadelphia, Denver, Chicago and Portland.

Even the sheer weight of buildings may be taking a toll. One 2023 study found that New York's more than 1 million buildings are pressing down on the Earth so hard that they may be contributing to the city's ongoing subsidence. A more recent separate study found that some buildings in the Miami area are sinking in part due to disruptions in the subsurface caused by construction of newer buildings nearby.

The new study found that eight cities (New York, Chicago, Los Angeles, Phoenix, Houston, Philadelphia, San Antonio and Dallas) account for more than 60% of the people living on sinking land. Notably, these eight cities have seen more than 90 significant floods since 2000, probably driven in part by lowering topography.

Another key finding: some cities are seeing differential motion, with adjoining localities sinking at different rates, or even sinking while other areas rise; the upward motion possibly caused by quick recharge of aquifers near rivers or other water sources. (Uplift in certain areas is actually more than compensating for overall sinkage in three cities: Jacksonville, Fla.; Memphis, Tenn. and San Jose, Calif.)

Differential motion is a problem because, as the authors point out, if a whole urban area is moving up or down evenly at the same rate, that minimizes the danger of stresses to building foundations and other infrastructure. But if structures are subjected to an array of uneven vertical movements, they can experience dangerous tilting.




"Unlike flood-related subsidence hazards, where risks manifest only when high rates of subsidence lower the land elevation below a critical threshold, subsidence-induced infrastructure damage can occur even with minor changes in land motion," the authors write.

The study found that only about 1% of the total land area in the 28 cities lies within zones where differential motion could affect buildings, roads, rail lines and other structures. However, these areas tend to be in the densest urban cores, and currently contain some 29,000 buildings. The most hazardous cities in this regard are San Antonio, where the researchers say 1 in 45 buildings are subject to high risk; Austin (1 in 71); Fort Worth (1 in 143) and Memphis (1 in 167).

The upshot for individual structures in these areas is unclear; it probably would require an even finer-grained study, said Ohenhen. An earlier study of 225 U.S. building collapses between 1989 and 2000 found that only 2% were directly attributable to subsidence. However, the factors behind 30% were designated unknown, suggesting that subsidence could have played a larger role, says the new study.

The paper concludes that cities should use this new information to focus on solutions. They say that in many places, flooding can be mitigated with land raising, enhanced drainage systems and green infrastructure such as artificial wetlands to absorb floodwaters. Cities susceptible to tilting hazards can focus on retrofitting existing structures, integrating land motions into building codes, and limiting new building in the areas of most threat.

"As opposed to just saying it's a problem, we can respond, address, mitigate, adapt," said Ohenhen. "We have to move to solutions."

The study was coauthored by researchers from Virginia Tech, the Netherlands Organisation for Applied Scientific Research, University of California Berkeley, Texas A&M University, University of Colorado Boulder, Brown University and United Nations University.
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AI-designed DNA controls genes in healthy mammalian cells for first time | ScienceDaily

The model then predicts which combination of DNA letters (A, T, C, G) are needed for the gene expression patterns required in specific types of cells. Researchers can then chemically synthesise the roughly 250-letter DNA fragments and add them to a virus for delivery into cells.

As a proof-of-concept, the authors of the study asked the AI to design synthetic fragments which activate a gene coding for a fluorescent protein in some cells while leaving gene expression patterns unaltered. They created the fragments from scratch and dropped them into mouse blood cells, where the sequence fused with the genome at random locations. The experiments worked exactly as predicted.

"The potential applications are vast. It's like writing software but for biology, giving us new ways of giving instructions to a cell and guiding how they develop and behave with unprecedented accuracy," says Dr. Robert Fromel, first author of the study who carried out the work at the Centre for Genomic Regulation (CRG) in Barcelona.

The study could lead to new ways for gene-therapy developers to boost or dampen the activity of genes only in the cells or tissues that need adjusting. It also paves the way for new strategies to fine-tune a patient's genes and make treatments more effective and reduce side effects.

The work marks an important milestone in in the field of generative biology. To date, advances in the field have largely benefited protein design, helping scientists create entirely new enzymes and antibodies faster than ever before. However, many human diseases stem from faulty gene expression that is cell-type specific, for which there might never be a perfect protein drug candidate.

Gene expression is controlled by regulatory elements like enhancers, tiny fragments of DNA which switch genes on or off. To fix faulty gene expression, researchers can comb through genomes looking for naturally-existing enhancers that happen to suit their needs, limiting themselves to the sequences evolution has produced.




AI-generated enhancers can help engineer ultra-selective switches that nature has not yet invented. They can be designed to have exactly the on/off patterns required in specific types of cells, a level of fine-tuning which is crucial for creating therapies that avoid unintended effects in healthy cells.

However, the development of AI models requires lots of high-quality data, which has been historically lacking for enhancers. "To create a language model for biology, you have to understand the language cells speak. We set out to decipher these grammar rules for enhancers so that we can create entirely new words and sentences," explains Dr. Lars Velten, corresponding author of the study and researcher at the Centre for Genomic Regulation (CRG).

The authors of the study created huge volumes of biological data to build their AI model by carrying out thousands of experiments with lab models of blood formation. They studied both enhancers and transcription factors, proteins also involved in controlling gene expression.

Until now, scientists studying enhancers and transcription factors typically used cancer cell lines because they are easier to work with. The researchers worked with healthy cells instead because it's more representative of human biology. Their work helped uncover subtle mechanisms that shape our immune system and blood cell production.

Over five years, the team synthesised more than 64,000 synthetic enhancers, each carefully designed to test different arrangements and strengths of binding sites for 38 different transcription factors. It's the largest library of synthetic enhancers ever built in blood cells to date.

Once inserted into the cells, the team tracked exactly how active each synthetic enhancer became across seven stages of blood-cell development. They discovered that while many enhancers activate genes in one type of cell, they repress genes in another.




Most enhancers worked like a volume dial, turning gene activity up or down. Surprisingly, certain combinations acted like on/off switches. The scientists call this "negative synergy," meaning two factors that usually turn a gene on individually could effectively shut that gene down when they occur together.

The data from the experiments was crucial in setting out the design principles of the machine learning model. Once the model had enough measurements of how each synthetic enhancer changed gene activity in real cells, it could predict new designs that yield on/off outcomes, even if these enhancers had never existed in nature.

The study was designed to determine if a technology can work in practice before committing to larger-scale research. The researchers have only scratched the surface. Both humans and mice have an estimated 1,600 transcription factors regulating their genomes.

The work was carried out by Lars Velten, Robert Fromel, Julia Ruhle, Aina Bernal Martinez, Chelsea Szu-Tu and Felix Pacheco Pastor, all members of Lars Velten's research group at the Centre for Genomic Regulation. Rosa Martinez Corral from the Barcelona Collaboratorium, a joint initiative between the CRG and EMBL-Barcelona, also took part. The research was funded by an ERC Starting Grant from the European Union and a grant of the Spanish National Agency for Research.
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Feat of 'dung-gineering' turns cow manure into one of world's most used materials | ScienceDaily
A new technique to extract tiny cellulose strands from cow dung and turn them into manufacturing-grade cellulose, currently used to make everything from surgical masks to food packaging, has been developed by researchers from UCL and Edinburgh Napier University.


						
The study, published in The Journal of Cleaner Production, describes the new 'pressurised spinning' innovation and its potential to create cellulose materials more cheaply and cleanly than some current manufacturing methods, using a waste product from the dairy farming industry, cow dung, as the raw material.

The advance is the first time that manufacturing-grade cellulose has been derived from animal waste and is a prime example of circular economy, which aims to minimise waste and pollution by reusing and repurposing resources wherever possible.

The researchers say that implementing the technology would be a win-win situation for manufacturers, dairy farmers and the environment.

Cellulose is one of the world's most commonly used manufacturing materials. Found naturally in the cell walls of plants, it was first used to create synthetic materials in the mid-19th century, including the original material used in photographic film, celluloid.

Today it can be found in everything from cling film to surgical masks, paper products, textiles, foods and pharmaceuticals. Though it can be extracted organically, it is also often produced synthetically using toxic chemicals.

Pressurised spinning (or pressurised gyration) is a manufacturing technology that uses the forces of pressure and rotation simultaneously to spin fibres, beads, ribbons, meshes and films from a liquid jet of soft matter. The multiple award-winning technology was invented in 2013 by a team from UCL Mechanical Engineering led by Professor Mohan Edirisinghe.




Professor Edirisinghe, the senior author of the study, said: "Our initial question was whether it could be possible to extract the tiny fragments of cellulose present in cow manure, which is left over from the plants the animals have eaten, and fashion it into manufacturing-grade cellulose materials.

"Extracting the fragments from dung was relatively straightforward using mild chemical reactions and homogenisation, which we then turned into a liquid solution. But when we tried to turn the fragments into fibres using pressurised spinning technology, it didn't work.

"By a process of trial and error, we figured out that using a horizontal rather than a vertical vessel containing surface nozzles and injecting the jet of liquid into still or flowing water caused cellulose fibres to form. We were then able to change the consistency of the liquid to create other forms, such as meshes, films and ribbons, each of which have different manufacturing applications.

"We're still not quite sure why the process works, but the important thing is that it does. It will also be fairly easy to scale up using existing pressurised spinning technology, the vessels for which were designed and built in the UCL Mechanical Engineering workshop."

The new technique, called horizontal nozzle-pressurised spinning, is an energy efficient process that doesn't require the high voltages of other fibre production techniques such as electrospinning.

The team say that adapting existing pressurised spinning machines to the new process should be relatively straightforward. The greater challenge is likely to be the logistics of sourcing and transporting the raw material, cow dung, but that the environmental and commercial benefits of doing so would be significant.




Ms Yanqi Dai, first author of the study from UCL Mechanical Engineering, said: "Dairy farm waste such as cow manure is a threat to the environment and humans, especially through waterway pollution, the release of greenhouse gases into the atmosphere when it decomposes, and the spread of pathogens. It is also often a burden on farmers to dispose of properly.

"Horizontal nozzle-pressurised spinning could be a huge boost to the global dairy farming industry, by putting this problematic waste product to good use and perhaps creating a new source of income."

The research team is currently seeking opportunities to work with dairy farmers to take advantage of the technology and scale it up.

Animal waste is a growing problem globally. Research in 2019 estimated that the amount of animal waste is due to increase by 40% between 2003 and 2030 to at least five billion tons, with many farms producing more manure than they can legitimately use as fertiliser. This waste often finds its way into water, where it can have a devastating effect on ecosystems and even lead to disease in humans.

Core pressurised spinning research at UCL was made possible by grants awarded by UK Research and Innovation (UKRI).
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A pipette that can activate individual neurons | ScienceDaily
Researchers at Linkoping University have developed a new type of pipette that can deliver ions to individual neurons without affecting the sensitive extracellular milieu. Controlling the concentration of different ions can provide important insights into how individual braincells are affected, and how cells work together. The pipette could also be used for treatments. Their study has been published in the journal Small.


						
"In the long term, this technology could be used to treat neurological diseases such as epilepsy with extremely high precision," says Daniel Simon, professor at Linkoping University, LiU.

The human brain consists of about 85 to 100 billion neurons. It also has roughly the same amount of brain cells that support neuron function with, for example, nutrition, oxygen and healing. These cells are called glial cells and can be divided into many subgroups. Between the cells there is a fluid-filled space called the extracellular milieu.

The difference between the milieu inside the cells and that outside is important for cell function and one important aspect is the transport of different types of ions between the two milieus. For example, neurons are activated when the concentration of potassium ions changes.

It is known that a change in the whole extracellular milieu affects neuron activity and thereby brain activity. However, it has so far not been known how local changes in ion concentration affect individual neurons and glial cells.

Previous attempts to change the extracellular milieu have primarily involved pumping in some form of liquid. But this means that the delicate biochemical balance is disturbed, making it difficult to know whether it is the substances in the fluid, the changed pressure or the extracellular fluid swirling around that leads to the activity.

To get around the problem, researchers at the Laboratory of Organic Electronics, LOE, at LiU developed a micropipette measuring only 2 micrometres in diameter. For comparison, human hair measures 50 and a neuron about 10 micrometres in diameter.




Using this so-called iontonic micropipette, the researchers can add only ions, such as potassium and sodium, to the extracellular milieu to see how this affects the neurons. Glial cell, specifically astrocyte, activity is also measured.

"Glial cells are the cells that make up the other -- chemical -- half of the brain, which we don't know much about because there has been no way to precisely activate those cells, as they don't respond to electrical stimulation. But both neurons and glial cells can be stimulated chemically," says Theresia Arbring Sjostrom, assistant professor at LOE.

The experiments were conducted on slices of hippocampus brain tissue from mice.

"The neurons didn't respond as quickly to the change in ion concentration as we had initially expected. However, the astrocytes responded directly and very dynamically. Only when these were "saturated" were the nerve cells activated. This highlighted the fine-tuned dynamics between different types of cells in the brain in a way that other technologies haven't managed to do," says Theresia Arbring Sjostrom.

Somewhat simplified, you can say that the pipette is manufactured by heating up a glass tube and pulling it to the breaking point. This produces a very thin and tapered tip. This type of micropipette is usually used in neuroscience to create and measure electrical activity in the brain. The LiU researchers' iontronic micropipette has a tip filled with a specially adapted ion-exchange membrane, which makes it possible to create activity by chemical means. Other than that, it looks identical to the traditional micropipette, and is controlled in a similar way.

"The advantage is that tens of thousands of people around the world are familiar with this tool and know how to handle it. Hopefully this will make it useful sooner," says Daniel Simon.

The next step is to continue studying chemical signalling in both healthy and diseased brain tissue using the micropipette. The researchers also want to develop the delivery of medical drugs and study its effect against neurological diseases such as epilepsy.
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Transforming hospital sanitation: Autonomous robots for wiping and UV-C disinfection | ScienceDaily
Professor Keehoon Kim and Ph.D. candidate Jaewon Byun from the Department of Mechanical Engineering at POSTECH (Pohang University of Science and Technology) have developed an "Intelligent Autonomous Wiping and UV-C Disinfection Robot" capable of automating hospital disinfection processes. This research was conducted in collaboration with Korea Institute of Science and Technology (Sangrok Oh, Director of Research Division, and Dr. Jinwoo Jung), the Korea Institute of Robot and Convergence (Goobong Chung, Vice President, and Dr. Youngho Choi), Elphoton Co., Ltd. (Eunhyun Park, CEO, and Dr. Kyungmin Kim), and the Infection Control Team at Pohang St. Mary's Hospital (Jaemyung Kang and Eunjung Kim).


						
The COVID-19 pandemic has underscored the critical importance of thorough disinfection, particularly within hospital environments. Given the increased awareness of the importance of disinfection, concerns surrounding labor shortages due to physical fatigue and risk of exposure to pathogens have been raised. Moreover, individuals' compliance with manually conducted disinfection tasks tends to vary, and human performance is inconsistent. Furthermore, existing technologies, such as UV-C robots and hydrogen peroxide vapor systems, have inherent limitations in completely removing contaminants hidden in obscured or hard-to-reach areas.

To address these challenges, the research team developed an autonomous robot capable of both navigating hospital environments and performing disinfection tasks. A key feature of the robot is its dual disinfection system: first, it utilizes a robotic manipulator to physically wipe surfaces and remove contaminants; second, it employs UV-C irradiation to disinfect hard-to-reach corners and narrow spaces.

The robot's performance was validated through real-world testing at Pohang St. Mary's Hospital. The team conducted bacterial culture experiments to confirm the effectiveness of disinfection and carried out repeated autonomous operations to verify its long-term usability in clinical settings.

One of the robot's most significant advantages is its ability to automate time-consuming and repetitive disinfection tasks, enabling healthcare professionals to devote more attention to patient care. Additionally, unlike variability in human performance, the system can perform disinfection with consistent precision, significantly reducing the risk of infection within the hospital. Precision control algorithms minimize operational failures, while the integration of a self-sanitizing station and wireless charging system ensures sustained disinfection operations.

Professor Keehoon Kim emphasized, "Although COVID-19 has transitioned into an endemic phase, it remains essential to prepare for future pandemics. We will continue advancing this disinfection robot technology beyond hospitals to public facilities, various social infrastructures, and everyday environments to further reduce infection risks."

This work was supported by the National Research Foundation of Korea(NRF) grant funded by the Korea government(MSIT) (Project Director: Dr. Sang-Rok Oh, Korea Institute of Science and Technology).




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250507130744.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Groundbreaking device instantly detects dangerous street drugs, offering hope for harm reduction | ScienceDaily
A portable device that can instantly detect dangerous street drugs at extremely low concentrations has been developed at the University of Bath in the UK.


						
The device, which is being trialled by drug-checking services in the UK, Norway and New Zealand, can identify substances such as benzodiazepines and synthetic opioids that are difficult to detect with existing mobile technologies and are major contributors to drug overdoses globally.

The device, which is similar to an ultraviolet spectrometer, will allow drugs to be tested cheaply and at volume. Its on-the-spot analysis reveals both the contents of a substance and the concentration of each ingredient. The technology is described today in the scientific journal Analytical Chemistry.

Biochemist Professor Chris Pudney -- who leads the team that developed the technology from the Department of Life Sciences at Bath -- says the potential life-saving benefits of this invention are considerable. By using the device to reveal the precise composition of an illicit substance, the risks associated with taking unknown or adulterated drugs can be reduced significantly.

Professor Pudney envisions the new machine being deployed in areas where illicit drugs are commonly used, such as at clubs and festivals, as well as in services that provide support and treatment for dependent-drug users.

Testing times

Detecting substances at low concentrations is more challenging than identifying larger quantities of highly pure substances. The equipment currently available for this task often requires extensive training and can only be operated by chemists.




By contrast, the device invented by Professor Pudney can be operated by a non-expert, yielding results with the simple press of a button, and can detect drugs at extremely low concentrations. This allows it to determine the potency of a formulation and identify any contamination with undeclared substances. Many 'red flag' substances, including synthetic opioids such as nitazenes and fentanyl, are toxic even in minute quantities, and being able to detect them is critical to saving lives.

Professor Pudney said: "Whatever we're doing at the moment to prevent deaths from drug misuse isn't working so we need a new kind of service that can be where it's needed -- cheaply, easily and anywhere.

"Our device would support community harm reduction. Telling people not to take drugs doesn't work, so different strategies are needed. By letting people know exactly what's in a drug and how strong it is, we can empower them to make safer decisions about whether or not to take it, or to use it in a safer way."

Drug adulteration

Globally, there is a growing problem of people unknowingly taking street drugs that have been mixed with undeclared substances. For instance, illicit pills containing benzodiazepines (which can produce feelings of euphoria, relaxation and calmness in the user) can be contaminated with synthetic opioids, turning them into ultrapotent mixtures that dramatically increase the risk of adverse effects and fatal overdoses.

The rise of potent synthetic drugs has made the landscape of drug use particularly dangerous, essentially presenting people who believe they are taking a known dosage of a known drug with a 'Russian roulette' of risk.




Professor Pudney said: "Now, more than ever, there are serious health risks associated with taking all drugs. People may think they have bought something relatively unharmful -- perhaps a substance they know well -- but the drug they have may in fact be contaminated with a far more dangerous and more addictive substance that could endanger their lives.

"This is why drug checking is so important and so needed. We need simple, instant detection that anyone in a drug and alcohol service can use to support their clients."

Deaths in England and Wales from drug poisoning have increased year on year, rising from 4,359 in 2018 to 4,907 in 2023 (these figures include both illicit drug use and prescription drug misuse).

Local and international trials

The new technology -- currently a prototype -- is being trialled by drug services both in the UK and internationally.
    	Devon & Cornwall Police, UK

A device acquired by Devon & Cornwall Police (UK) in June 2024 has allowed the force to fast-track suspicious substances linked to near-fatal and fatal overdoses. This lets them provide real-time drug warnings to drug treatment services in the area, rather than waiting for several months for results from forensic drug-detection service providers.

Nick Burnett, drug expert witness for Devon & Cornwall Police, said: "A prime example of this was testing of some oxycodone tablets in 2024 following a death. The tablets were found to contain a nitazene. We were able to put out a drug warning within 36 hours of that death occurring."

He added that the technology had improved the police's working relationship with its drug treatment services, especially in relation to information sharing and where necessary the issuing of drug warnings.
Unlike in New Zealand, drug checking services in the UK require a Home Office license for the possession of controlled drugs to operate legally. To date, The Loop Drug Checking Service is the only community-based drug-checking service in the UK that has been granted a licence. It has been operating in Bristol since 2024, and uses, alongside other analytical technologies, Professor Pudney's device.

Katy Porter, CEO of The Loop said: "We have been pleased to work alongside the team at the University of Bath to explore the use and potential of the device in drug checking services and for the purpose of reducing drug-related harms. We share the concerns regarding the changing drug market in the UK and working together to ensure drug checking is accessible and available to more people."
    	Drug-checking service, New Zealand

For two weeks last year, hundreds of drug samples were tested in New Zealand using Professor Pudney's new device as part of an initiative involving the country's three front-line drug-checking services: the Needle Exchange Programme, the New Zealand Drug Foundation and KnowYourStuffNZ. New Zealand is one of few countries in the world where drug-checking services are explicitly legal.

KnowYourStuffNZ deputy manager Dr Jez Weston said: "The spectrometers that we use are currently the best tech for mobile drug analysis, but science moves ever on. The University of Bath's new technology could help us help our clients with better and faster analysis of their samples."
    	Drug-checking service, Norway

The device is also being trialled by the Association for Safer Drug Policies (ASDP) in Norway. Norway is another country that operates community-based drug checking.

Dagfinn Hessen Paust, chief scientific officer at the ASDP -- a leading advocate for harm prevention and evidence-based drug policies in Norway and the Nordics -- said: "We use a number of different technologies to check drugs, mostly using infrared spectrometry, which is great for most use cases but not for testing benzodiazepines and very potent, very dangerous opioids. These substances -- unlike, say MDMA -- are found in very low concentrations in the tablets people consume and cannot be picked up by established devices.

"The new device from Bath is helping us fill this gap -- it's very exciting for us to be trialling this new technology."

Shining light

The new technology from Bath works through a combination of fluorescence and reflectance spectroscopies.
    	Fluorescence is a technique that involves shining light on a substance and measuring the light that the substance emits in response. Different substances emit light in unique ways, which makes it possible to identify them.
    	Reflectance Spectroscopy is a technique that measures the light bouncing off a substance. The way light is reflected provides information about the substance's properties.

The device is trained using a deep-learning algorithm, meaning it is exposed to a library of Nanoparticle Spectroscopy (NPS) light patterns from which it learns to make accurate identifications.

Professor Pudney said: "Our aim is for this device to support drug-checking services, as a means to decrease the harm caused by drugs across different groups. The landscape of drug use is changing rapidly and we hope this tool can fill some of the gaps that are emerging."
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Viruses under the super microscope: How influenza viruses communicate with cells | ScienceDaily
Influenza viruses are among the most likely triggers of future pandemics. A research team from the Helmholtz Centre for Infection Research (HZI) and the Medical Center -- University of Freiburg has developed a method that can be used to study the interaction of viruses with host cells in unprecedented detail. With the help of their new development, they have also analyzed how novel influenza viruses use alternative receptors to enter target cells. The results were recently published in two papers in the journal Nature Communications.


						
Viruses have no metabolism of their own and must therefore infect host cells in order to replicate. Contact between the virus and the cell surface is a crucial first step, which can also prevent infections if entry into the cells is blocked. "The interaction with a host cell is dynamic and transient for influenza viruses. In addition, associated processes occur at the nanoscale, requiring super-resolution microscopes for a more precise investigation. Using conventional approaches, it has therefore not been possible to investigate this important first contact in more detail," says Prof. Christian Sieben, head of the junior research group "Nano Infection Biology" at HZI, explaining the challenge the team has faced.

In collaboration with Prof. Mark Bronstrup's department "Chemical Biology" at HZI, his team has developed a universal protocol to investigate how viruses communicate with host cells. To do this, the scientists immobilized viruses individually on microscopy glass surfaces. Cells were then seeded on top. In conventional experiments, the viruses are added on top of pre-seeded cells. "The advantage of our 'upside-down' experimental setup is that the viruses interact with cells but do not enter them -- the critical moment of initial cell contact is thus stabilized and can be analyzed," says Sieben.

Using the example of a seasonal influenza A virus, the researchers used high-resolution and super-resolution microscopy to show that contact between the virus and the cell surface triggers a cascade of cellular reactions. First, the cellular receptors accumulate locally at the virus binding site. This is due to the fact that the receptors move more slowly through the cell membrane near the binding site and are therefore more abundant locally. Subsequently, specific cellular proteins are recruited and finally the actin cytoskeleton is dynamically reorganized.

However, the researchers applied their method not only to an established influenza A model, but also to a novel influenza strain of animal origin: the H18N11 virus, which is found in bats in Central and South America. Unlike most influenza viruses, which bind to glycans -- i.e. carbohydrate chains on the cell surface -- for infection, the H18N11 virus has a different target. "This virus binds to MHC class II complexes -- protein receptors that are typically found on certain immune cells," says Dr. Peter Reuther, research group leader from the Institute of Virology of the Medical Center -- University of Freiburg. He is studying the cell entry of bat-derived H18 influenza A viruses.

Using single-molecule tracking, the researchers were able to show for the first time that MHCII molecules cluster specifically on the cell surface upon contact with the virus -- a process that is essential for the virus to enter the cell. The teams from Braunschweig and Freiburg have thus characterized a new model of influenza A infection: the binding to MHCII as an alternative receptor and the associated dynamic reorganization of the cell surface. "The finding that influenza viruses do not bind exclusively to cellular glycans opens up new perspectives for research into these pathogens," says Reuther. "Particularly in view of their zoonotic potential, it is crucial to better understand these alternative receptors."

The virus-cell binding step is also the focus of the EU project COMBINE, which was launched at the beginning of 2025 and is coordinated by HZI researcher Sieben. In COMBINE, scientists from five European countries are investigating the virus entry process of newly emerging viruses, especially those with pandemic potential. "This process is a potential target for antiviral therapies. The methodology we have developed to investigate the virus entry process can be applied to many other viruses," says Sieben. The new results not only provide detailed insights into the biology of influenza viruses. They also provide a methodological basis for investigating the entry mechanisms of potential pandemic pathogens in a more targeted manner -- and thus identifying new targets for antiviral therapies.
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New algorithms can help GPs predict which of their patients have undiagnosed cancer | ScienceDaily
Two new advanced predictive algorithms use information about a person's health conditions and simple blood tests to accurately predict a patient's chances of having a currently undiagnosed cancer, including hard to diagnose liver and oral cancers. The new models could revolutionise how cancer is detected in primary care, and make it easier for patients to get treatment at much earlier stages.


						
The NHS currently uses prediction algorithms, such as the QCancer scores, to combine relevant information from patient data and identify individuals deemed at high risk of having a currently undiagnosed cancer, enabling GPs and specialists to call them in for further testing. Researchers from Queen Mary University of London and the University of Oxford have used the anonymised electronic health records from over 7.4 million adults in England to create two new algorithms which are much more sensitive than existing models, and which could lead to better clinical decision making and potentially earlier diagnosis of cancer.

Crucially, in addition to information about a patient's age, family history, medical diagnoses, symptoms, and general health, the new algorithms incorporated the results of seven routine blood tests (which measure a person's full blood count and test liver function) as biomarkers to improve early cancer diagnosis.

Compared with the existing QCancer algorithms, the new models identified four additional medical conditions associated with an increased risk of 15 different cancers including those affecting the liver, kidneys, and pancreas. Two additional associations were also found for family history with lung cancer and blood cancer, and seven new symptoms of concern (including itching, bruising, back pain, hoarseness, flatulence, abdominal mass, dark urine) were identified as being associated with multiple cancer types.

These results showed that the new algorithms offer much improved diagnostic capabilities, and in fact are the only ones currently which can be used in primary care settings to estimate the likelihood of having a current but as yet undiagnosed liver cancer.

Professor Julia Hippisley-Cox, Professor of Clinical Epidemiology and Predictive Medicine at Queen Mary University of London, and lead author of the study, said: "These algorithms are designed to be embedded into clinical systems and used during routine GP consultations. They offer a substantial improvement over current models, with higher accuracy in identifying cancers -- especially at early, more treatable stages. They use existing blood test results which are already in the patients' records making this an affordable and efficient approach to help the NHS meet its targets to improve its record on diagnosing cancer early by 2028."

Dr Carol Coupland, senior researcher at the Queen Mary University of London and Emeritus Professor of Medical Statistics in Primary Care at the University of Nottingham, and co-author, said: "These new algorithms for assessing individuals' risks of having currently undiagnosed cancer show improved capability of identifying people most at risk of having one of 15 types of cancer based on their symptoms, blood test results, lifestyle factors and other information recorded in their medical records. They offer the potential for enabling earlier cancer diagnoses in people from the age of 18 onwards, including for some rare types of cancer type."
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Is virtual-only couture the new clothing craze? | ScienceDaily
As fast fashion continues to fill wardrobes and landfills at a staggering pace, new research from the University of Portsmouth suggests that the future of fashion might lie not in fabric, but in pixels.


						
In a multi-study paper published in the International Journal of Retail and Distribution Management, a team of researchers has delved into the growing phenomenon of e-fashion -- digital garments worn in virtual environments -- and found these intangible items could help bridge the gap between fast fashion and environmental sustainability.

From Instagram filters to gaming skins, the idea of digital self-presentation isn't new. But fashion brands are now taking things a step further, offering digital-only collections that exist purely on-screen.

These clothes can change colour, morph shape, and even communicate with physical counterparts via near-field communication (NFC) chips. Crucially, they come without the environmental baggage of traditional production, shipping or waste. Their production, consumption and disposal don't require using raw and difficult-to-recycle materials such as polyester. The research studied how consumers respond to the unique appeal of digital clothing and what drives their willingness to pay for garments they can't physically touch, try and own.

Findings show that consumers with a strong appetite for novel and tactile experiences are particularly drawn to e-fashion, valuing its creativity, customisability and interactivity. For them, virtual couture is not a compromise but an additional new frontier in personal style.

Conventional logic suggests that consumers with a strong need for touch, who enjoy physically inspecting and trying on a garment, are less likely to find e-fashion appealing.

However, the research challenges this logic. It learns that consumers with a high need for touch, and a high sensation-seeking, are an ideal target market for virtual clothing.




The research found that consumers could mentally simulate the tactile features of e-fashion, a process that becomes increasingly feasible and vivid with the adoption of virtual reality headsets.

One of the co-authors, Dr Kokho (Jason) Sit, Senior Lecturer in Marketing at the University of Portsmouth, said: "Whether e-fashion is a fleeting fad or a long-lasting trend remains to be seen, but its environmental potential is undeniable. Unlike fast fashion's reliance on low-cost, often non-recyclable materials and landfill-heavy turnover, digital garments can be produced, consumed, and discarded with a single keystroke -- or perhaps several keystrokes. No raw materials, modern slavery, shipping and delivery are involved, reducing deforestation, inhumane working conditions, carbon footprint and landfills."

"This research shows that e-fashion isn't just a gimmick for gamers or influencers. It can potentially disrupt the fast fashion model in a profitable way for fashion brands, exciting for consumers and better for the planet."

While it may not entirely replace physical fashion, the study suggests e-fashion could meaningfully reduce our reliance on high-volume, low-value clothing and help curb the environmental toll of an industry that urgently needs reform.
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Specialized face mask can detect kidney disease with just your breath | ScienceDaily
Surgical face masks help prevent the spread of airborne pathogens and therefore were ubiquitous during the COVID-19 pandemic. Now, a modified mask could also protect a wearer by detecting health conditions, including chronic kidney disease. Researchers reporting in ACS Sensors incorporated a specialized breath sensor within the fabric of a face mask to detect metabolites associated with the disease. In initial tests, the sensor correctly identified people with the condition most of the time.


						
Kidneys remove waste products made by the body's metabolic processes. But in the case of chronic kidney disease (CKD), these organs have become damaged and lose function over time, which can have wide-ranging implications on a person's health. The U.S. Centers for Disease Control and Prevention estimates that 35 million Americans have CKD, and many more could have the disease without knowing it, possibly at an early stage. Currently, medical professionals diagnose the condition by measuring metabolites in blood or urine, but low-cost, low-tech systems, like the ones made from specialized candies, could make the process easier.

Chemical breath sensors are another diagnostic tool currently being explored because people with CKD exhale elevated levels of ammonia -- a chemical associated with the condition. However, ammonia is also associated with other health conditions. Corrado Di Natale and colleagues wanted to create a specific sensor that simultaneously detects ammonia and other CKD-related metabolites.

For ease of use, they incorporated the sensor into a familiar form: a surgical face mask. To create the breath sensor, the team first coated silver electrodes with a conductive polymer that is commonly used in chemical sensors. The polymer was modified with porphyrins -- molecules sensitive to volatile compounds -- to boost the sensitivity. The coated electrodes were placed between the layers of a disposable medical face mask, and wires connected the device to an electronic readout. When select gases interacted with this specialized polymer, it caused a measurable change of electrical resistance. These initial experiments in air confirmed the high sensitivity of the sensor for CKD-related metabolites, including ammonia, ethanol, propanol and acetone.

Then the specialized face masks were tested on 100 individuals. About half of the participants had a CKD diagnosis, and the other half (the control group) did not. The sensors detected several compounds in the participants' breath, and statistical analysis of the data revealed a clear pattern distinguishing the participants with CKD from the control group. The team's sensor correctly identified when a patient had CKD 84% of the time (true positive) and that a patient did not have CKD 88% of the time (true negative). In addition, the results suggest that the sensor data can be used to estimate the stage of CKD, which could be highly valuable in the diagnostic process.

The researchers say that these findings present the potential for straightforward, non-invasive and cost-effective monitoring of CKD patients.

"The implementation of this technology is expected to enhance the management of CKD patients by facilitating the timely identification of changes in disease progression," say Sergio Bernardini and Annalisa Noce, coauthors of the study.

The authors acknowledge funding from the European Union's NextGenerationEU project.
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Stellar collapse and explosions distribute gold throughout the universe | ScienceDaily
Magnetar flares, colossal cosmic explosions, may be directly responsible for the creation and distribution of heavy elements across the universe, suggests a new study.


						
For decades, astronomers only had theories about where some of the heaviest elements in nature, like gold, uranium and platinum, come from. But by taking a fresh look at old archival data, researchers now estimate that up to 10% of these heavy elements in the Milky Way are derived from the ejections of highly magnetized neutron stars, called magnetars.

Until recently, astronomers had unwittingly overlooked the role that magnetars, essentially dead remnants of supernovae, might play in early galaxy formation, said Todd Thompson, co-author of the study and a professor of astronomy at The Ohio State University.

"Neutron stars are very exotic, very dense objects that are famous for having really big, very strong magnetic fields," said Thompson. "They're close to being black holes, but are not."

While the origins of heavy elements had long been a quiet mystery, scientists knew that they could only form in special conditions through a method called the r-process (or rapid-neutron capture process), a set of unique and complex nuclear reactions, said Thompson.

Scientists saw this process in action when they detected the collision of two super-dense neutron stars in 2017. This event, captured using NASA telescopes, the Laser Interferometer Gravitational wave Observatory (LIGO) and other instruments, provided the first direct evidence that heavy metals were being created by celestial forces.

But further evidence showed that other mechanisms might be needed to account for all these elements, as neutron star collisions might not produce heavy elements fast enough in the early universe. According to this new study, building on these clues helped Thompson and his collaborators recognize that powerful magnetar flares could indeed serve as a potential ejectors of heavy elements, a finding confirmed by 20-year-old observations of SGR 1806-20, a magnetar flare so bright that some measurements of the event could only be made by studying its reflection off the moon.




By analyzing this magnetar flare event, researchers determined that the radioactive decay of the newly created elements matched up with their theoretical predictions about the timing and types of energies released by a magnetar flare after it ejected heavy r-process elements. The researchers also theorized that magnetar flares produce heavy cosmic rays, extremely high-velocity particles whose physical origin remains unknown.

"I love new ideas about how systems work, how new discoveries work, how the universe works," Thompson said. "That's why results like this are really exciting."

The study was recently published in The Astrophysical Journal Letters.

Magnetars may provide unique insights into galactic chemical evolution, including the formation of exoplanetary systems and their habitability.

Not only do magnetars produce valuable metals like gold and silver that end up on Earth, the supernova explosions that cause them also produce elements like oxygen, carbon and iron that are vital for many other, more complex celestial processes.

"All of that material they eject gets mixed into the next generation of planets and stars," said Thompson. "Billions of years later, those atoms are incorporated into what could potentially amount to life."

Altogether, these findings have deep implications for astrophysics, particularly for scientists studying the origin of both heavy elements and fast radio bursts -- brief shivers of electromagnetic radio waves from faraway galaxies. Understanding how matter ejects from magnetars could help scientists learn more about them.




Due to their rarity and short duration, magnetar flares can be difficult to observe,

and current space-based telescopes like the James Webb Space Telescope and Hubble don't have the dedicated abilities needed to detect and study their emission signals. Even more specialized observatories like NASA's Fermi Gamma-ray Space Telescope can only see the brightest part of gamma-ray flashes from nearby galaxies.

Instead, one proposed NASA mission, the Compton Spectrometer and Imager (COSI), could bolster the team's work by surveying the Milky Way for energetic events like giant magnetar flares. Though another event like SGR 1806-20 might not occur this century, if a magnetar flare did detonate in our backyard, COSI could be used to better identify the individual elements created from its eruption and allow this team of researchers to confirm their theory about where heavy elements in the universe come from.

"We're generating a bunch of new ideas about this field, and ongoing observations will lead to even more great connections," said Thompson.

The study was supported by the National Science Foundation, NASA, the Charles University Grant Agency and the Simons Foundation. Co-authors include Anirudh Patel and Brian D. Metzger from Columbia University, Jakub Cehula from Charles University in Prague, Eric Burns from Louisiana State University and Jared A. Goldberg from the Flatiron Institute.
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New roadmap advances catalytic solutions to destroy 'forever chemicals' | ScienceDaily
A team of researchers from Rice University, Carnegie Mellon University and other leading global institutions has outlined a bold new roadmap for harnessing heterogeneous catalysis to destroy per- and polyfluoroalkyl substances (PFAS), the so-called "forever chemicals" that have contaminated water supplies worldwide.


						
In a study published in Nature Water, the international team of environmental engineers, chemists and catalysis experts assessed current catalytic technologies for PFAS destruction, proposed a suite of innovations to overcome existing limitations and emphasized the urgent need for holistic performance metrics that reflect true environmental and public health benefits.

"Catalysis offers a promising path to completely break down PFAS molecules, but current approaches are still far from optimal," said Michael Wong, co-author and chair of the Department of Chemical and Biomolecular Engineering at Rice. "We need smarter design, better process integration and a more nuanced way of comparing technologies that accounts for energy, cost and toxicity reduction."

PFAS are synthetic compounds used in products from firefighting foams to cookware and personal care products. Their carbon-fluorine bonds are among the strongest in chemistry, making them extremely persistent in the environment and difficult to degrade. Conventional water treatments such as reverse osmosis and activated carbon filters only separate PFAS from water, meaning toxic waste is left behind.

"Heterogeneous catalysis -- the use of solid materials to speed up chemical reactions -- has the potential to not only separate but actually mineralize PFAS into harmless by-products," said Gregory Lowry, corresponding author and a Hamerschlag University Professor of Civil and Environmental Engineering at Carnegie Mellon. "But these systems face multiple hurdles, including poor selectivity, incomplete defluorination and high energy demands."

One of the team's key recommendations is a pretreatment step to simplify the complex soup of PFAS often found in industrial waste or contaminated groundwater. Using known homogeneous chemical reactions, they postulate that these mixtures can be transformed into a smaller set of better-understood compounds, paving the way for more effective catalytic destruction.

"Thinking of complex PFAS treatment as a multistep process that will require many steps makes catalyst design much more tractable," said Sarah Glass, co-first author and graduate student in civil and environmental engineering at Rice. "Designing and using treatment techniques that are really efficient for a certain step of degradation can improve overall efficiency and accelerate the development of real-world catalytic solutions."

The researchers proposed a sequential "treatment train," where simplified PFAS mixtures are processed through tailored catalytic steps. First, the process removes specific chemical head groups from the PFAS molecules. Next, it shortens their long perfluorinated carbon chains, stripping away the fluorine atoms -- the key to their persistence. Finally, the remaining fluorinated fragments are broken down into safe, naturally occurring substances like carbon dioxide, water and fluoride ions. Each step uses a specialized catalyst tailored to the chemical structure at that stage. For example, titanium-based materials are used to speed up oxidation, while palladium helps swap out fluorine atoms for hydrogen in a process called reductive hydrodefluorination. This approach ensures that even complex PFAS mixtures can be effectively destroyed rather than just absorbed onto a solid, requiring additional treatment.




"Think of it as a relay race," said Thomas Senftle, co-author and the William Marsh Rice Trustee Associate Professor in Chemical and Biomolecular Engineering at Rice. "Each catalyst hands off a partially degraded PFAS to the next until the molecule is completely broken down. Our goal is total defluorination."

The researchers stressed the importance of creating catalysts that can target and break down PFAS without being distracted by other substances commonly found in contaminated water. To do this, they are exploring catalyst surfaces that better attract PFAS and are using computer models and machine learning to predict reactions and optimize catalyst design.

"We're still learning which PFAS break down under which conditions," said Pedro Alvarez, co-author, the George R. Brown Professor of Civil and Environmental Engineering and director of the Rice Water Technologies Entrepreneurship and Research Institute. "Data-driven simulations can dramatically speed up the discovery process."

The team also introduced a new energy metric called electrical energy per order of defluorination (EEOD) to fairly compare how efficiently different catalytic systems break fluorine-carbon bonds. Unlike traditional removal metrics, EEOD focuses on true degradation, not just separation.

The study concludes with a call for interdisciplinary collaboration and open data sharing to refine PFAS treatment strategies, with the need for scalable, cost-effective destruction methods greater than ever.

"PFAS are a generational challenge," Wong said. "We owe it to future generations to find smart, sustainable solutions, and catalysis can be one of them."

This research was supported by funding from the National Science Foundation, the National Institute of Environmental Health Sciences, a Dean's Fellowship from the College of Engineering at Carnegie Mellon and the National Natural Science Foundation of China.
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NFL players more likely to injure knee after shorter rest period | ScienceDaily
National Football League (NFL) players may be more likely to sustain a specific type of knee injury if they have a shorter period of rest between games, according to researchers from the University of Missouri School of Medicine.


						
Knee injuries are the most common in the NFL, though this study looked specifically at a rupture or tear of the extensor mechanism, the combination of muscles and tendons that allow the knee to straighten.

"The extensor mechanism is critical for knee stability and joint extension, and such an injury could threaten an athlete's career," study author Dr. Steven DeFroda said. "Damage can make it very painful to walk, let alone play."

Using publicly available data from the 2009-2023 seasons, researchers determined that players were 3.7 times more likely to suffer a tear during a short rest week than a long rest week or resting less than seven days versus a period of over seven days.

Players were also 4.7 times more likely to suffer a tear during a normal rest week, or for exactly seven days, than long rest weeks. DeFroda and his team found no meaningful difference when comparing injury risks after short and normal rest weeks.

"This does highlight that certain injuries likely occur because of 'microtrauma' that accumulates over a long season, and that longer periods of rest could be warranted for athletes, especially if they are showing signs of fatigue or an inability to recovery between games," DeFroda said.

They also found no association between player position, age or weight -- however, there was an increased risk of ruptures for players when playing on artificial turf versus playing on grass. This corresponds with other research that suggests more injuries occur on turf, since rubber and synthetic fibers don't absorb as much impact force.

"Studies like these can help us think about how athletes get injured and work on strategies to prevent some of these injuries from occurring," DeFroda said. "Recovery time and the cumulative effects of injury are crucial to monitor, especially as athletes play more games and in a shorter time span than ever before."

Steven DeFroda, MD is an orthopaedic surgeon at MU Health Care and an assistant professor of orthopedic surgery at the MU School of Medicine. He also serves as an official team doctor for the Mizzou Athletics volleyball, baseball and softball teams, and has served as an assistant team physician for the Chicago White Sox, Chicago Bulls and Chicago Fire.
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Physicists snap the first images of 'free-range' atoms | ScienceDaily
MIT physicists have captured the first images of individual atoms freely interacting in space. The pictures reveal correlations among the "free-range" particles that until now were predicted but never directly observed. Their findings, appearing in the journal Physical Review Letters, will help scientists visualize never-before-seen quantum phenomena in real space.


						
The images were taken using a technique developed by the team that first allows a cloud of atoms to move and interact freely. The researchers then turn on a lattice of light that briefly freezes the atoms in their tracks, and apply finely tuned lasers to quickly illuminate the suspended atoms, creating a picture of their positions before the atoms naturally dissipate.

The physicists applied the technique to visualize clouds of different types of atoms, and snapped a number of imaging firsts. The researchers directly observed atoms known as "bosons," which bunched up in a quantum phenomenon to form a wave. They also captured atoms known as "fermions" in the act of pairing up in free space -- a key mechanism that enables superconductivity.

"We are able to see single atoms in these interesting clouds of atoms and what they are doing in relation to each other, which is beautiful," says Martin Zwierlein, the Thomas A. Frank Professor of Physics at MIT.

In the same journal issue, two other groups report using similar imaging techniques, including a team led by Nobel laureate Wolfgang Ketterle, the John D. MacArthur Professor of Physics at MIT. Ketterle's group visualized enhanced pair correlations among bosons, while the other group, from Ecole Normale Superieure in Paris, led by Tarik Yefsah, a former postdoc in Zwierlein's lab, imaged a cloud of noninteracting fermions.

The study by Zwierlein and his colleagues is co-authored by MIT graduate students Ruixiao Yao, Sungjae Chi, and Mingxuan Wang, and MIT assistant professor of physics Richard Fletcher.

Inside the cloud

A single atom is about one-tenth of a nanometer in diameter, which is one-millionth of the thickness of a strand of human hair. Unlike hair, atoms behave and interact according to the rules of quantum mechanics; it is their quantum nature that makes atoms difficult to understand. For example, we cannot simultaneously know precisely where an atom is and how fast it is moving.




Scientists can apply various methods to image individual atoms, including absorption imaging, where laser light shines onto the atom cloud and casts its shadow onto a camera screen.

"These techniques allow you to see the overall shape and structure of a cloud of atoms, but not the individual atoms themselves," Zwierlein notes. "It's like seeing a cloud in the sky, but not the individual water molecules that make up the cloud."

He and his colleagues took a very different approach in order to directly image atoms interacting in free space. Their technique, called "atom-resolved microscopy," involves first corralling a cloud of atoms in a loose trap formed by a laser beam. This trap contains the atoms in one place where they can freely interact. The researchers then flash on a lattice of light, which freezes the atoms in their positions. Then, a second laser illuminates the suspended atoms, whose fluorescence reveals their individual positions.

"The hardest part was to gather the light from the atoms without boiling them out of the optical lattice," Zwierlein says. "You can imagine if you took a flamethrower to these atoms, they would not like that. So, we've learned some tricks through the years on how to do this. And it's the first time we do it in-situ, where we can suddenly freeze the motion of the atoms when they're strongly interacting, and see them, one after the other. That's what makes this technique more powerful than what was done before."

Bunches and pairs

The team applied the imaging technique to directly observe interactions among both bosons and fermions. Photons are an example of a boson, while electrons are a type of fermion. Atoms can be bosons or fermions, depending on their total spin, which is determined by whether the total number of their protons, neutrons, and electrons is even or odd. In general, bosons attract, whereas fermions repel.




Zwierlein and his colleagues first imaged a cloud of bosons made up of sodium atoms. At low temperatures, a cloud of bosons forms what's known as a Bose-Einstein condensate -- a state of matter where all bosons share one and the same quantum state. MIT's Ketterle was one of the first to produce a Bose-Einstein condensate, of sodium atoms, for which he shared the 2001 Nobel Prize in Physics.

Zwierlein's group now is able to image the individual sodium atoms within the cloud, to observe their quantum interactions. It has long been predicted that bosons should "bunch" together, having an increased probability to be near each other. This bunching is a direct consequence of their ability to share one and the same quantum mechanical wave. This wave-like character was first predicted by physicist Louis de Broglie. It is the "de Broglie wave" hypothesis that in part sparked the beginning of modern quantum mechanics.

"We understand so much more about the world from this wave-like nature," Zwierlein says. "But it's really tough to observe these quantum, wave-like effects. However, in our new microscope, we can visualize this wave directly."

In their imaging experiments, the MIT team were able to see, for the first time in situ, bosons bunch together as they shared one quantum, correlated de Broglie wave. The team also imaged a cloud of two types of lithium atoms. Each type of atom is a fermion, that naturally repels its own kind, but that can strongly interact with other particular fermion types. As they imaged the cloud, the researchers observed that indeed, the opposite fermion types did interact, and formed fermion pairs -- a coupling that they could directly see for the first time.

"This kind of pairing is the basis of a mathematical construction people came up with to explain experiments. But when you see pictures like these, it's showing in a photograph, an object that was discovered in the mathematical world," says study co-author Richard Fletcher. "So it's a very nice reminder that physics is about physical things. It's real."

Going forward, the team will apply their imaging technique to visualize more exotic and less understood phenomena, such as "quantum Hall physics" -- situations when interacting electrons display novel correlated behaviors in the presence of a magnetic field.

"That's where theory gets really hairy -- where people start drawing pictures instead of being able to write down a full-fledged theory because they can't fully solve it," Zwierlein says. "Now we can verify whether these cartoons of quantum Hall states are actually real. Because they are pretty bizarre states."

This work was supported, in part, by National Science Foundation through the MIT-Harvard Center for Ultracold Atoms, as well as by the Air Force Office of Scientific Research, the Army Research Office, the Department of Energy, the Defense Advanced Projects Research Agency, a Vannevar Bush Faculty Fellowship, and the David and Lucile Packard Foundation.
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Smart spongy device captures water from thin air | ScienceDaily
Engineers from Australia and China have invented a sponge-like device that captures water from thin air and then releases it in a cup using the sun's energy, even in low humidity where other technologies such as fog harvesting and radiative cooling have struggled.


						
The water-from-air device remained effective across a broad range of humidity levels (30 -- 90%) and temperatures (5 -- 55 degrees Celsius).

Senior researcher Dr Derek Hao, from RMIT University in Melbourne, said the invention relied on refined balsa wood's naturally spongy structure, modified to absorb water from the atmosphere and release it on demand.

The wood-based composite developed by the team for their research fit snuggly into a cup with a dome lid and anti-pollution tray, a cooling mechanism and an activation system powered by the sun.

"Billions of people around the world lack access to drinkable water, and millions die from water-borne diseases every year," said Hao, a materials scientist and environmental engineer in RMIT's School of Science.

Hao was corresponding author on the study, which was done in collaboration with five Chinese research institutions, led by Dr Junfeng Hou from Zhejiang A&F University.

"Our team has invented a device comprising wood's spongy scaffolding, lithium chloride, iron oxide nanoparticles, a carbon nanotube layer and other specialised features," Hao said.




The team used artificial intelligence for accurate prediction and optimisation of the device's water harvesting and discharging performance under varying environmental conditions.

Watershed moment

The spongy material, which is an early-stage lab prototype, absorbs moisture from the atmosphere when the cup's lid is open. When the lid is closed under sunlight, water is released into the cup.

Under laboratory conditions, the water-from-air device absorbed about 2 milliliters of water per gram of material at 90% relative humidity and released nearly all the water within 10 hours under sun exposure -- higher than most other known methods and at less cost. With nine sponge cubes, each weighing 0.8 grams, 15 milliliters of water can be absorbed and released into the cup.

"In outdoor tests, our device captured 2.5 milliliters of water per gram overnight and released most of it during the day, achieving a daily water collection efficiency of 94%," Hou said.

"At 30% humidity, our device absorbed water at about 0.6 milliliters per gram.




"These results highlight its potential use in off-grid, solar-driven water harvesting systems."

Benefits of the nature-inspired design

Hao said the use of natural wood as a matrix not only reduced costs but also provided structural integrity and enhanced water transport through its porous architecture.

"These features enable the material to be manufactured in large quantities and deployed in real-world applications such as water collection in remote or arid regions," he said.

"The device retained its flexibility and water-absorbing function even after being stored at [?]20 degrees Celsius for 20 days, demonstrating excellent freeze resistance.

"Its moisture absorption-release performance was stable across 10 consecutive cycles, with less than 12% decline in efficiency."

Potential applications and scalability

Hao said the device would be suited to emergency scenarios, such as in the wake of natural disasters where water supplies have been compromised, if the team can scale-up and optimise the modular innovation.

"The current demonstration unit size is 15 cubic millimeters. It would be very easy to prepare a larger unit, or we can use the units to form an array," Hao said.

"Its ability to harvest potable water from the atmosphere using only sunlight makes it invaluable in disaster-stricken areas where traditional water sources are compromised. The system's portability and reliance on renewable energy further enhance its applicability in such contexts."

Hao said the material was designed with scalability and affordability in mind.

"The main component, balsa wood, is widely available, biodegradable and cheap, and the manufacturing process is not complex, which could enable mass production.

"The demonstrated stable performance over multiple cycles and in various environmental conditions indicates longevity and cost-effectiveness."

Hao said the team was in discussion with prospective industry partners on pilot-scale production and field deployment, integration into modular water-from-air harvesting systems.

"Solar panels combined with thermal energy storage could enable round-the-clock operation, particularly in areas with intermittent sunlight," he said.

Developing automated control systems using Internet of Things sensors to monitor relative humidity, temperature and solar intensity could further optimise water harvesting cycles, Hao said.

"Building on the artificially intelligent design used in the study, more advanced design platforms could be developed to screen new material combinations and predict long-term water absorption and release performance," he said.
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Smart lactation pads can monitor safety of breast milk in real time | ScienceDaily
Scientists at the University of Southern California (USC) have developed a lactation pad equipped with sensing technology that allows parents of newborns to monitor breast milk in real time. Publishing in the Cell Press journal Device on May 7, their work shows that the device is capable of ensuring that breast milk contains safe levels of the painkiller acetaminophen, which is often prescribed after childbirth and can be transferred to breastfeeding infants.


						
"Our device represents a major innovation," says first author Maral Mousavi, an assistant professor of biomedical engineering at USC. "It is the first wearable tool for direct biochemical analysis in breast milk and the first lactation pad embedded with real-time sensing technology. This technology has the potential to empower lactating individuals with actionable health insights, supporting both maternal and infant health in ways that have never before been possible."

To make the device, the researchers installed electrodes and tiny channels into a lactation pad -- an apparatus that nursing parents often wear throughout the day to protect their clothes from leaking breast milk. The smart lactation pad functions by measuring samples of the milk for acetaminophen as lactating parents go about their regular routines without requiring additional effort from the parent.

Since the smart pad continuously monitors levels of acetaminophen in the milk throughout the day, it also offers a tool for scientists to better understand how drugs are transferred into breast milk, says Mousavi.

"While it is generally safe at recommended doses, acetaminophen overexposure is a leading cause of acute liver failure in children," she says. "It remains the most common reason for liver transplants related to drug toxicity."

The researchers were inspired to build the lactation pad after a graduate student in their research group gave birth and was prescribed acetaminophen to manage her postpartum pain. Despite the importance of breast milk as a source of nutrition for infants and its ability to help their fragile immune systems develop, the team found that few technologies existed to monitor its safety in real time. While a few companies offer mail-in services, these services involve collecting samples in specialized kits that can be costly and waiting days or weeks for results.

"Given the risks and the critical decision-making parents face around breastfeeding and medication use, we wanted to create a tool that empowers them with real-time, personalized information rather than leaving them to rely on generalized drug-safety charts or delayed lab testing," says Mousavi.




The team hopes that the smart lactation pad can help parents make more informed decisions about breastfeeding after taking medications, such as optimizing the "pump and dump" strategy or discarding breast milk when drug levels are the highest.

In addition to painkillers, the authors note that new mothers are also commonly prescribed antibiotics or antifungals, and although these medications are generally considered safe to take while breastfeeding, they aren't always benign.

While the version of the smart pad described in this study was developed to measure acetaminophen, Mousavi says that it can be adapted to detect other drugs and biomarkers for assessing health. For example, Mousavi and colleagues recently demonstrated another lactation pad with an embedded sensor designed to monitor glucose levels in breast milk -- a function which she says could help parents manage their nutrition and address conditions such as gestational diabetes.

Currently, the device is only able to measure milk produced from natural leakage, meaning its applications may be limited when little leakage occurs. The pads are also disposable, so a new lactation pad is required for each new test. The researchers are currently working to develop a version of the device that analyzes pumped milk to offer a more accessible and convenient testing option for parents.
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Piecing together the brain puzzle | ScienceDaily
Our brain is a complex organ. Billions of nerve cells are wired in an intricate network, constantly processing signals, enabling us to recall memories or to move our bodies. Making sense of this complicated network requires a precise look into how these nerve cells are arranged and connected. "LICONN," a new microscopy method developed by scientists at the Institute of Science and Technology Austria (ISTA) and Google Research, now helps piece together this puzzle.


						
Light microscopes have been evolving for centuries. Scientists use light microscopy to -- literally and figuratively -- illuminate the most intricate biological structures. However, unraveling the complex details and architecture of the brain remains a seemingly impossible challenge, considering its billions of densely packed neurons, each linked to other cells via thousands of synapses. A new microscopy pipeline called "LICONN" (light-microscopy-based connectomics), developed at the Institute of Science and Technology Austria (ISTA), now offers a breakthrough.

LICONN is the first technology beyond electron microscopy capable of reconstructing brain tissue with all the synaptic connections between neurons. It also opens up the possibility of visualizing complex molecular machinery alongside the structure of neurons, all while utilizing standard light microscopes for measurements.

This new technique was developed by Mojtaba R. Tavakoli, Julia Lyudchik, Johann Danzl, and their colleagues from the High-Resolution Optical Imaging for Biology research group at ISTA. They collaborated with the Novarino group at ISTA and Michal Januszewski and Viren Jain from Google Research. The method is now published in Nature.

New possibilities with LICONN

Mojtaba R. Tavakoli opens a curtain, revealing a light microscope with endless wires connecting the optical instrument to a computer. The screen's lights shine bright -- glooming shades of green and pink illuminate the almost pitch-black room. "That's the hippocampus -- a brain region responsible for memory formation," says Tavakoli and points to the screen. "The fluorescent dots you see are molecules involved in synaptic transmission." The ISTA graduate moves the frame and adjusts the settings.

LICONN is the Danzl group's newest microscopy technique. It acts like a meticulous puzzle solver, assembling the intricate brain networks by piecing together the finest neuronal processes and correctly linking each synaptic connection to its respective neuron. "Up to now, no light microscopy technique could do that," says Johann Danzl, a trained medical doctor and physicist, now professor at ISTA. "It was a longstanding goal of our group to build such a pipeline for reconstructing brain tissue. And LICONN can do this while placing specific molecules into the context of the structural reconstruction." What stands out is that the image acquisition is done on a standard off-the-shelf microscope, which is very fast and offers multicolor capability. The technique can be reproduced anywhere in the world, as scientists do not require high-end, expensive equipment that would be needed for current approaches for brain tissue reconstruction. To obtain this level of detail, the resolution has to be extraordinarily high, around a few tens of nanometers, 10,000 times smaller than the width of a human hair. But how to accomplish that? Expertise in chemistry comes in handy.




Zooming with a gel

For LICONN, the team made use of the chemical and physical properties of hydrogel, a three-dimensional polymer network. Hydrogel has similar characteristics to baby diapers: it can take up water and swell, but does so in a highly controlled manner.

The brain tissue of interest is embedded in this hydrogel. "Cellular components are linked to the hydrogel, meaning the cells' fine ultrastructure is imprinted onto the gel and preserved for microscopy," explains Danzl. Before imaging, the structures are expanded by adding water to the material. As a result, the gel elongates in size in every direction but maintains the relative spatial arrangements of the tissue's structures with extremely high fidelity.

For comparison, traditional light microscopes are classically limited in their resolving power to around 250-300 nanometers. While this is adequate to visualize larger cellular structures, it is insufficient to reconstruct the densely packed brain tissue. "The hydrogel expansion pulls features of the brain tissue so far apart that we can resolve them with a standard light microscope. This method enhances the effective resolution by 16 times, achieving a resolution better than 20 nm," Tavakoli explains.

Research at the intersection of disciplines

Neuroscience and chemistry were not the only fields that found their way into this project. Methods from computer science played a crucial part in the pipeline's development. This is because capturing microscopic images results in the collection of numerous data points. As such, the intricacy of the datasets reflects the brain's complexity.




Thus, manually interpreting and reconstructing all the neuronal structures on a sizable scale would be far too laborious. Therefore, Google Research's deep-learning techniques were trained to segment the individual cells in the tissue. "Automating the identification of neurons and their elaborate structures on a wider scale using artificial intelligence made the daunting task of reconstructing all the cellular components practically tractable," explains Viren Jain from Google Research. "The ability to concomitantly visualize specific molecules adds a new quality of information."

Julia Lyudchik, a PhD student and computer scientist in the Danzl group, played an instrumental role in interpreting the complex datasets. "Thanks to the exceptionally high resolution of the data, it was possible to automatically detect the synaptic connections between neurons and to transform raw brain imaging data into detailed connectivity maps. This is a complex image processing challenge," Lyudchik explains. "In addition, the methods had to be both efficient and scalable, given that even a small piece of brain tissue can contain tens of thousands of synaptic connections."

LICONN makes it possible to map the location of specific molecules onto the neuronal reconstructions, such as those involved in the transmission of signals between neurons at synapses. Lyudchik's artistic vein helped her create stunning 3D renderings of the brain network, as visualizations are powerful tools to make complex scientific data more accessible and interpretable.

Unlocking new details in the brain's architecture

By following this comprehensive pipeline, scientists can meticulously reconstruct brain tissue and visualize neuronal connections and networks. The interplay between experimentation and analysis across disciplines -- from imaging and experimentation at ISTA to Google Research's application of advanced deep learning technologies and the computational analysis at ISTA -- results in 3D visualizations of the brain's architecture at a new level of complexity. "LICONN brings us a step closer to assembling the puzzle pieces of the mammalian brain and better understanding its functioning both in health and disease," Danzl concludes.
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AI model improves delirium prediction, leading to better health outcomes for hospitalized patients | ScienceDaily
An artificial intelligence (AI) model improved outcomes in hospitalized patients by quadrupling the rate of detection and treatment of delirium. The model identifies patients at high risk for delirium and alerts a specially-trained team to assess the patient and create a treatment plan, if needed.


						
The model, developed by researchers at the Icahn School of Medicine at Mount Sinai, has been integrated into hospital operations, helping health care providers identify and manage delirium, a condition that can affect up to one-third of hospitalized patients.

The study, the first to show that an AI-powered delirium risk assignment model can not only perform well in a laboratory setting but also deliver real-world benefits in clinical practice, was published in the May 7, 2025 online issue of JAMA Network Open .

Delirium is a sudden and severe state of confusion that carries life-threatening risks and often goes undetected in hospitalized patients. Without treatment, it can prolong hospital stays, raise mortality risk, and worsen long-term outcomes. Until now, AI-driven delirium prediction models have struggled to demonstrate tangible improvements in patient care, say the investigators.

"The motivation behind our study at Mount Sinai was clear. Current AI-based delirium prediction models haven't yet shown real-world benefits for patient care," said senior corresponding study author Joseph Friedman, MD, Founder and Director of Delirium Services for the Mount Sinai Health System and Professor of Psychiatry, and Neuroscience, at the Icahn School of Medicine at Mount Sinai. "We wanted to change that by creating a model that accurately calculates delirium risk in real time and integrates smoothly into clinical workflows, helping hospital staff catch and treat more patients with delirium who might otherwise be overlooked."

Rather than building an AI model in isolation and testing it later in hospitals, the research team worked closely with Mount Sinai clinicians and hospital staff from the start. This "vertical integration" approach allowed them to refine the model in real time, ensuring it was both effective and practical for clinical use.

When deployed at Mount Sinai, the AI model dramatically improved delirium detection, resulting in:

* A 400 percent increase in identified cases without increasing time spent screening patients




* Safer prescribing by reducing the use of potentially inappropriate medications in older adults 

* Strong, reliable performance in a real-world hospital setting

In their study, which involved more than 32,000 patients admitted to The Mount Sinai Hospital in New York City, the researchers used the AI model to analyze a combination of structured data and clinicians' notes from electronic health records. It used machine learning to identify chart data patterns associated with a high risk of delirium and applied natural language processing to identify patterns from the language of chart notes written by hospital staff. This approach captures staff observations of subtle mental status changes in patients who are delirious or at heightened risk. An individual staff member writing a note may be unaware at that time that their clinical observations are helping to improve the AI model's accuracy.

Notably, the model was tested in a highly diverse patient population with a wide range of medical and surgical conditions -- far broader than the narrow groups typically included in studies of machine learning-based delirium risk prediction models.

The tool significantly improved monthly delirium detection rates -- from 4.4 to 17.2 percent -- allowing for earlier intervention. Patients identified also received lower doses of sedative medications, potentially reducing side effects and improving overall care.

"Our model isn't about replacing doctors -- it's about giving them a powerful tool to streamline their work," says Dr. Friedman. "By doing the heavy lifting of analyzing vast amounts of patient data, our machine learning approach allows health care providers to focus their expertise on diagnosing and treating patients more effectively and with greater precision."

While the AI model has delivered strong results at The Mount Sinai Hospital, and testing is underway at other Mount Sinai locations, validation will be needed at other hospital systems to evaluate its performance in different settings and adjust if needed.

"This research demonstrates the quantum leaps we are achieving by building AI-driven clinical decision support into hospital operations. We are improving patient safety and outcomes by bringing the right team to the right patient at the right time so patients receive specialized care tailored to their needs," says study co-author David L. Reich MD, Chief Clinical Officer of the Mount Sinai Health System and President of The Mount Sinai Hospital. "To become a learning health system, we must continue this pathway of developing, testing, deploying, and fine-tuning AI-tools that are seamlessly integrated into health care workflows. Previously, we found that AI clinical decision support works in addressing malnutrition and clinical deterioration, where Mount Sinai's use of real-time AI alerts to predict declining health, accelerated treatment and reduced hospital deaths.
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New vacuum-assisted extrusion technique improves performance of polymer prints | ScienceDaily
Scientists at Oak Ridge National Laboratory have developed a vacuum-assisted extrusion method that reduces internal porosity -- by up to 75% -- in large-scale 3D-printed polymer parts.


						
Large-format additive manufacturing, or LFAM, enables the direct printing of meter-scale structures used in aerospace, automotive and defense tooling. But widespread adoption has been hindered by internal porosity, or voids, that weaken printed components. Reducing porosity is key to improving strength, durability and overall performance.

ORNL researchers tackled this challenge with a novel approach: integrating a vacuum hopper during the extrusion process to remove trapped gases and minimize void formation in fiber-reinforced materials. These materials are widely used in LFAM for their stiffness and low thermal expansion but often suffer from intra-bead porosity that limits part quality.

The new system reduced porosity to under 2%, even with varying fiber content.

"Using this innovative technique, we are not only addressing the critical issue of porosity in large-scale polymer prints but also paving the way for stronger composites," said ORNL's Vipin Kumar. "This is a significant leap forward for the LFAM industry."

While the current method is designed for batch processing, ORNL has developed a patent-pending concept for continuous deposition systems, which will be the focus of upcoming research.  -- Tina Johnson
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Cracking the code: Deciphering how concrete can heal itself | ScienceDaily
Imagine concrete healing its own cracks like human skin recovering from a cut. That's the vision behind the latest research of Dr. Congrui Grace Jin, published in Materials Today Communications. 


						
Addressing one of the most persistent and expensive problems in construction, Jin, an assistant professor in the Department of Engineering Technology and Industrial Distribution, has taken inspiration from nature to develop a synthetic lichen system to enable concrete to self-repair.

Concrete is the most widely used building material on Earth, yet it suffers from the dangerous flaw of cracking easily. These cracks, big or small, can lead to catastrophic structural failure, as witnessed in the collapse of a building, bridge or highway.

The key to overcoming this critical challenge lies in understanding how concrete forms and how to exploit that process. Concrete is made by mixing crushed stone and sand with powdered clay and limestone. When water is added, the combination hardens through a chemical reaction called hydration. Once set, it becomes strong enough to support everything from 18-wheelers crossing bridges to people living in towering skyscrapers. However, natural forces like freeze-thaw cycles, drying shrinkage and heavy loads cause cracks. Even those barely visible to the naked eye can allow liquids and gasses to reach embedded steel reinforcements, causing corrosion and weakening structures.

Discovering cracks before they endanger lives is a high-stakes and costly challenge, with the U.S. annually spending tens of billions of dollars repairing concrete infrastructure. Locating cracks in bridges and highways that are constantly in use is especially difficult.

"Microbe-mediated self-healing concrete has been extensively investigated for more than three decades," says Jin, "but it still suffers from one important limitation -- none of the current self-healing approaches are fully autonomous since they require an external supply of nutrients for the healing agents to continuously produce repair materials." For example, after inspectors go through the laborious process of locating a crack, they may then have to inject or spray nutrients into the crack, which is not practical.

Jin's solution? Harness the power of lichen systems to allow concrete to heal itself without outside intervention.




Lichen is an understated presence in our everyday world, often found clinging to trees and rocks. Its true beauty lies in its unique symbiotic system of fungi and algae, or cyanobacteria, that form a self-sustaining partnership, allowing it to thrive in even the harshest conditions.

With that inspiration, Jin and her researchers, Dr. Richard Wilson, Nisha Rokaya and Erin Carr of the University of Nebraska-Lincoln, with funding by the Young Faculty Award program of DARPA, created a synthetic lichen system that collaborates like natural lichens.

Their system uses cyanobacteria, which turns air and sunlight into food, and filamentous fungi, which produces minerals that seal the cracks. Working together, these microbes survive on nothing more than air, light and water. The autonomy of this system sets it apart from previous self-healing concrete endeavors.

In lab tests, these microbe pairs were able to grow and produce crack-filling minerals even in challenging environments such as concrete.

Jin takes her work beyond the lab to consider wider implications. She is collaborating with professors from Texas A&M University's social science departments to develop a better understanding of the public's perception about using living organisms in construction and the ethical, social, environmental and legal issues involved.

This groundbreaking research has far-reaching potential and applications.

Concrete that can heal itself could significantly reduce maintenance costs, extend its longevity and even protect lives through increased safety. It can also have a dramatic impact in all areas of sustainable construction, including space infrastructure.
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Vapor-deposited perovskite semiconductors power next generation circuits | ScienceDaily
A research team led by Professor Yong-Young Noh and Dr. Youjin Reo from the Department of Chemical Engineering at POSTECH (Pohang University of Science and Technology) has developed a groundbreaking technology poised to revolutionize next-generation displays and electronic devices. The project was a collaborative effort with Professors Ao Liu and Huihui Zhu from the University of Electronic Science and Technology of China (UESTC), and the findings were published in Nature Electronics on April 28th.


						
Every time we stream videos or play games on our smartphones, thousands of transistors operate tirelessly behind the scenes. These microscopic components function like traffic signals, regulating electric currents to display images and ensure smooth app operation. Transistors are typically categorized as n-type (electron transport) and p-type (hole transport), with n-type devices generally demonstrating superior performance. However, to achieve a high speed computing with a low power consumption, p-type transistors must also reach comparable efficiency.

To address this challenge, the research team focused on a novel p-type semiconducting material with a unique crystal structure: tin-based perovskites. This material has emerged as a promising candidate for high-performance p-type transistors. Traditionally, it has only been fabricated through a solution process -- a technique akin to soaking ink into paper -- which presents challenges in scalability and consistent quality.

In a significant breakthrough, the team successfully applied thermal evaporation, a process widely used across industries such as OLED TV and semiconductoring chips manufacturing, to produce high-quality caesium-tin-iodide (CsSnI3) semiconductor layers. This technique involves vaporizing materials at high temperatures to form thin films on substrates.

Furthermore, by adding a small amount of lead chloride (PbCl2), the researchers were able to improve the uniformity and crystallinity of the perovskite thin films. The resulting transistors exhibited outstanding performance, achieving a hole mobility of over 30 cm2/V*s and an on/off current ratio of 108 which are comparable to already commercialized n-type oxide semiconductors -- indicating rapid signal processing and low power consumption during switching.

This innovation not only enhances device stability but also enables the fabrication of large-area device arrays, effectively overcoming two major limitations of previous solution-based methods. Importantly, the technology is compatible with existing manufacturing equipment used in OLED display production, presenting significant potential to reduce costs and streamline fabrication processes.

"This technology opens up exciting possibilities for the commercialization of ultra-thin, flexible, and high-resolution displays in smartphones, TVs, vertically stacked integrated circuits and even wearable electronics because low processing temperature below 300 ?," said Professor Yong-Young Noh.

This research was supported by the National Research Foundation of Korea (NRF) under the Mid-Career Researcher Program, the National Semiconductor Laboratory Core Technology Development Project, and Samsung Display.
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AI has untapped potential to advance biodiversity conservation | ScienceDaily
A new study from McGill University researchers suggests the use of artificial intelligence (AI) to rapidly analyze vast amounts of biodiversity data could revolutionize conservation efforts by enabling scientists and policymakers to make better-informed decisions.


						
A collaboration between a computer scientist, an ecologist and an international team of researchers, the review published in Nature Reviews Biodiversity examines the seven "global biodiversity knowledge shortfalls," gaps in what we know about species, including their distributions and interactions.

"The problem is that we still don't have basic information about nature, which prevents us from knowing how to protect it," said Laura Pollock, lead author on the study and assistant professor in McGill's Department of Biology.

The study, which reviewed the existing literature on the subject, identifies key ways AI can close these knowledge gaps. The researchers found that AI is currently only being used in two of the seven shortfall areas, leaving significant opportunities untapped. AI-powered tools like BioCLIP are already being used to detect species traits from images, aiding in species identification. Hundreds of new insects are being identified with automated insect monitoring platforms, such as Antenna.

But machine learning models trained on satellite imagery and environmental DNA have the potential to map species distributions more accurately than ever before. AI could also help infer species interactions, such as food webs and predator-prey relationships, which remain largely unstudied due to the difficulty of direct observation.

"This research looks at a much broader set of biodiversity questions than previous reviews," said David Rolnick, co-author of the study, Canada CIFAR AI Chair and assistant professor of computer science at McGill. "It was also surprising to see just how narrowly AI is being applied when it has so much potential to address many of these shortfalls."

Looking ahead, the research team emphasizes the importance of expanding data-sharing initiatives to improve AI model training, refining algorithms to reduce biases and ensuring that AI is used ethically in conservation. With global biodiversity targets looming, they say AI, if harnessed effectively, could be one of the most powerful tools available to address the biodiversity crisis.

"AI is changing the way the world works, for better or worse. This is one of the ways it could help us," said Pollock. "Protecting biodiversity is crucial because ecosystems sustain human life."
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Study of velvet worm slime could revolutionize sustainable material design | ScienceDaily
A new discovery about the slime ejected by velvet worms could revolutionize sustainable material design, according to a study by McGill University researchers. Their findings outline how a naturally occurring protein structure, conserved across species from Australia, Singapore and Barbados over nearly 400 million years of evolution, enables the slime's transformation from liquid to fibre and back again. It's a discovery that could inspire next-generation recyclable bioplastics.


						
"Nature has already figured out a way to make materials that are both strong and recyclable," said Matthew Harrington, a chemistry professor and Canada Research Chair in green chemistry, who led the study. "By decoding the molecular structure of velvet worm slime, we're now one step closer to replicating that efficiency for the materials we use every day."

Velvet worms, small caterpillar-like creatures found in humid forests of the southern hemisphere, use their slime to capture prey. When ejected, the slime rapidly hardens into fibres as strong as nylon. The slime dissolves in water and can be reconstituted into new fibres. Until now, the molecular mechanism behind this reversibility remained a mystery.

Using protein sequencing and AI-driven structure prediction (AlphaFold, the 2024 Nobel Prize-winning tool), Harrington's team identified previously unknown proteins in the slime that function similarly to cell receptors in the immune system. The researchers believe the receptor proteins function to link large structural proteins during fibre formation. By comparing two subgroups of velvet worms that separated nearly 380 million years ago, the researchers demonstrated the evolutionary significance and functional relevance of this protein.

A blueprint for recyclable materials

Traditional plastics and synthetic fibres are typically made using petroleum-based precursors and require energy-intensive processes to manufacture and recycle, often involving heat or chemical treatments. The velvet worm, however, uses simple mechanical forces - pulling and stretching -- to generate strong, durable fibres from biorenewable precursors, which can later be dissolved and reused without harmful byproducts.

"Obviously, a plastic bottle that dissolves in water would have limited use, but by adjusting the chemistry of this binding mechanism, we can get around this issue," said Harrington.

The study was co-authored by researchers from McGill University and Nanyang Technological University (NTU) in Singapore. The team's next challenge will be to experimentally verify the binding interactions and explore whether the principle can be adapted for engineered materials.
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Practical new tool created for detecting nanoplastics and microplastics in the environment | ScienceDaily
A team of McGill University researchers has developed a cost-effective, high-throughput technology for detecting nanoplastics and microplastics in the environment.


						
These particles are pervasive, posing health and environmental risks, yet detecting them at the nanoscale has been difficult. The 3D-printed HoLDI-MS test platform overcomes the limitations of traditional mass spectrometry by enabling direct analysis of samples without requiring complex sample preparation. The researchers say it also will work for detection of waterborne plastic particles. HoLDI-MS stands for hollow-laser desorption/ionization mass spectrometry.

"With HoLDI, we provide a method that is effective, quantitative, highly accurate and affordable, making it accessible to researchers worldwide," said Chemistry Professor Parisa Ariya, who led the study published last month inNature's Communications Chemistry. "It requires little energy, is recyclable and costs only a few dollars per sample."

The new method will also advance international co-operation in fighting plastic pollution, in alignment with calls by the United Nations Environment Programme to improve methods, the researchers say.

"Until now, there have been no established universal protocols for nanoplastic detection within the complex environment," Ariya said.

"This technology allows us to pinpoint the major sources of nano and microplastics in the environment," she said. "More importantly, it enables data comparison and validation across laboratories worldwide, a crucial step toward harmonizing global research on plastic pollution."

As part of their study, the researchers identified polyethylene and polydimethylsiloxanes in indoor air, and polycyclic aromatic hydrocarbons in outdoor air.

This work was funded by Natural Sciences and Engineering Research Council of Canada (NSERC), the Canadian Foundation for Innovation (CFI) and National Research Council Canada (NRC).
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Ultra-thin bismuth holds unexpected promise for green electronics | ScienceDaily
Electronic devices rely on materials whose electrical properties change with temperature, making them less stable in extreme conditions. A discovery by McGill University researchers that challenges conventional wisdom in physics suggests that bismuth, a metal, could serve as the foundation for highly stable electronic components.


						
The researchers observed a mysterious electrical effect in ultra-thin bismuth that remains unchanged across a wide temperature range, from near absolute zero (-273degC) to room temperature.

"If we can harness this, it could become important for green electronics," said Guillaume Gervais, a professor of physics at McGill and co-author of the study.

The finding could lead to the development of more efficient, stable and environmentally friendly electronic components and devices, including for space exploration and medical uses. Bismuth is non-toxic and biocompatible.

"We expected this effect to disappear once we increased the temperature, but it stubbornly refused; we kept going to room temperature and it was still there!" said Gervais. "I was so sure it would vanish that I even bet my students Oulin Yu and Frederic Boivin a bottle of wine. It turned out I was wrong."

Inspired by a cheese grater

Published in Physical Review Letters, the study reports the observation of a temperature-independent anomalous Hall effect (AHE) in a 68-nanometre-thick flake of bismuth. This effect, which creates a voltage perpendicular to an applied current, is typically associated with materials that have magnetic properties. However, bismuth is diamagnetic, meaning it does not usually exhibit such behaviour.




To make the discovery, Gervais and his colleagues, including lead author and PhD candidate Oulin Yu, developed a new technique for creating ultra-thin bismuth. Inspired by a cheese grater, the team patterned microscopic trenches onto a semiconductor wafer, then mechanically shaved off thin layers of bismuth. They then tested these flakes under extreme magnetic fields -- tens of thousands of times stronger than a fridge magnet -- at the National High Magnetic Field Laboratory in Florida.

Breaking the rules of physics?

Previous studies suggested that bismuth should not exhibit AHE, making the team's findings all the more puzzling.

"I can't point to one theory that would explain this," said Gervais, "only bits and pieces of a potential explanation."

One hypothesis is that the atomic structure of bismuth constrains electron movement in a way that mimics the behaviour of topological materials, recently discovered exotic substances whose surfaces and interiors exhibit different properties. These materials could revolutionize computing.

The research team's next step is to explore whether bismuth's AHE can be converted into its quantum counterpart, the quantum anomalous Hall effect (QAHE). Such a breakthrough could pave the way for electronic devices that function at higher temperatures than previously possible.

The research was supported by the New Frontiers in Research Fund, the Natural Sciences and Engineering Research Council of Canada (NSERC), the Canadian Institute for Advanced Research, and the Fonds de recherche du Quebec -- Nature et technologies, Montreal-based CXC, as well as the National Science Foundation (NSF) for the work performed at the National High Magnetic Field Laboratory in Florida.
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Okra, fenugreek extracts remove most microplastics from water | ScienceDaily
The substances behind the slimy strings from okra and the gel from fenugreek seeds could trap microplastics better than a commonly used synthetic polymer. Previously, researchers proposed using these sticky natural polymers to clean up water. Now, they report in ACS Omega that okra and/or fenugreek extracts attracted and removed up to 90% of microplastics in ocean water, freshwater and groundwater.


						
Rajani Srinivasan and colleagues have been exploring nontoxic, plant-based approaches to attract and remove contaminants from water. In one set of lab experiments, they found that polymers from okra, fenugreek and tamarind stick to microplastics, clumping together and sinking for easy separation from water. Srinivasan spoke about successful demonstrations of the plant extracts in freshwater and ocean water at ACS Spring 2022, a meeting of the American Chemical Society. In this next stage of the research, they have optimized the process for okra and fenugreek extracts in various types of water.

To extract the sticky plant polymers, the team soaked sliced okra pods and blended fenugreek seeds in separate containers of water overnight. Then, researchers removed the dissolved extracts from each solution and dried them into powders. Analyses showed that the powdered extracts contained polysaccharides, which are natural polymers. Initial tests in pure water spiked with microplastics showed that:
    	One gram of either powder in a quart (one liter) of water trapped microplastics the most effectively.
    	Dried okra and fenugreek extracts removed 67% and 93%, respectively, of the plastic in an hour.
    	A mixture of equal parts okra and fenugreek powder reached maximum removal efficiency (70%) within 30 minutes.
    	The natural polymers performed significantly better than the synthetic, commercially available polyacrylamide polymer used in wastewater treatment.

Then the researchers tested the plant extracts on real microplastic-polluted water. They collected samples from waterbodies around Texas and brought them to the lab. The plant extract removal efficiency changed depending on the original water source: Okra worked best in ocean water (80%), fenugreek in groundwater (80-90%), and the 1:1 combination of okra and fenugreek in freshwater (77%). The researchers hypothesize that the natural polymers had different efficiencies because each water sample had different types, sizes and shapes of microplastics.

Polyacrylamide is currently used to remove contaminants during wastewater treatment, but the researchers say that okra and fenugreek extracts could serve as biodegradable and nontoxic alternatives.

"Utilizing these plant-based extracts in water treatment will remove microplastics and other pollutants without introducing additional toxic substances to the treated water," says Srinivasan, "thus reducing long-term health risks to the population."

The authors acknowledge funding from the U.S. Department of Energy; Tarleton State University; High Plains Water District located in Lubbock, Texas; the Burnaby Munson Endowed Research Professorship; the National Science Foundation Research Experiences for Undergraduates program; and the Welch Foundation.
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Gender characteristics of service robots can influence customer decisions | ScienceDaily
The hospitality industry can leverage the gender characteristics of service robots to influence customers' decisions, according to new research from a team in the Penn State School of Hospitality Management.


						
Service robots with characteristics typically associated with males may be more persuasive when interacting with women who have a low sense of power, according to the researchers. The team also found that "cute" features in the design of robots -- such as big eyes and raised cheeks -- may reduce the effect of portrayed robot gender on persuasiveness, as male and female customers responded similarly to robots with these "cute" features.

Lavi Peng, doctoral candidate; Anna Mattila, Marriott Professor of Lodging Management; and Amit Sharma, Edward Friedman and Stuart Mann Professor of Hospitality Management -- all at Penn State -- led this research. Their findings were published in the Journal of Hospitality and Tourism Management.

"Robots can be designed or programed to have human-like features like names, voices and body shapes, which portray gender," Mattila said. "In addition to robot gender, a consumer's sense of power -- how individuals perceive their ability to influence others or their environment -- can also affect how successful a service robot can be in making recommendations."

The researchers conducted two studies to find how the gender portrayed in service robots could influence customers' decisions.

The first study surveyed 239 people who were recruited via Amazon Mechanical Turk. Participants were asked to first rate their sense of power before imagining visiting a new restaurant and receiving a menu recommendation for a breakfast burrito from a service robot. Service robots depicted in the study were the same except for the use of gray or pink colors to portray male or female genders, respectively. After receiving a menu recommendation, participants then rated the robot's persuasiveness.

"We found women with a low sense of power were more prone to accept a male robot's recommendations," Peng said. "For men with a low sense of power, we found the difference was less obvious. Based on our findings, consumers with high power tend to make their own judgement without relying on societal expectations. They are more confident and want to make decisions based off their own judgement."

The researchers said restaurants could leverage these findings when deciding what types of service robots to use, such as using "male" robots to recommend new menu items, as the results suggested robots with characteristics typically associated with males can have a greater influence on customer decisions.




Hotels could also leverage these findings when deciding which gender characteristics to use in robots that persuade customers to upgrade their rooms, according to the researchers.

"Upselling and upgrading are all about persuasion, and results of our study suggested robots with male characteristics could be effective," Peng said. "If a business knows its customer is female, it may want to consider using a robot with different gender characteristics than it would with a male customer."

The second study investigated how businesses could mitigate gender stereotypes in robot design -- or lessen the effect of a "male" robot's influence on customers with a low sense of power.

Because the findings in the first study showed that portrayed gender in robots primarily affected customers with a low sense of power, the researchers recruited 156 university students in the United States. The researchers said prior research demonstrated that students typically hold subordinate positions or rely on faculty members who have authority over their educational outcomes, meaning they represent a low-power demographic.

To alter the gender portrayed in robots during the second study, the researchers used an iPad display showing different gendered facial features that topped a Bear Robotics Servi robot, which does not have any typical human-like features of its own. These facial features had "cute" designs, including round faces and big eyes. After being introduced to and interacting with the robot, participants completed a computer-based scenario, evaluating the robot's recommendation for avocado toast.

"Both male and female customers responded similarly to both the male and female robot designs," Peng said. "For businesses that want to mitigate gender stereotypes, they can consider using a cute design for their robots."

The Marriott Foundation supported this research.
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Development, agriculture present risks for drinking water quality | ScienceDaily
A new study from North Carolina State University researchers finds that conversion of forests to urban development or agriculture near streams can have harmful effects on water quality downstream, presenting both health concerns and raising the cost of water treatment.


						
Using a model called the Soil and Water Assessment Tool, researchers mapped out the current and projected future effects of four land-use scenarios at 15 water intake locations across the Middle Chattahoochee watershed in Georgia and Alabama. By combining a series of potential socioeconomic outcomes and climate change models reaching out to 2070, researchers examined several potential land use change scenarios to predict their effects on water quality.

Katherine Martin, associate professor in the NC State University College of Natural Resources and co-author of a paper on the study, said that in models where forest cover was converted to other land uses, water quality suffered.

"In terms of aspects of water quality that we have long term data on, two of the biggest are nitrogen levels and the amount of sediment in the water. Looking at those two, in places where we're losing forest cover, we see both of those increasing," she said. "Those are both detrimental to the quality of drinking water, and they require more filtration."

Part of the issue, Martin said, is the relatively high level of fertilizer used in large-scale agriculture. Urban development results in large areas of impermeable surfaces, where rainwater cannot soak into the ground and instead runs off into rivers and streams. This causes the water to carry more sediment into those waterways than it would if it had been absorbed into the ground.

Increased filtration has several knock-on effects, Martin said. Not only is it potentially harmful for aquatic life, but it also increases the cost of managing water treatment plants. For facilities that do not serve large populations, this can lead to large per-capita price increases that end up being passed on to residents. These areas are also more likely to see increased development, due to their abundance of open land. The study suggests that more attention should be paid to where development might have serious effects on water quality for people living nearby, Martin said.

"Agriculture and urban development are beneficial, and this study does not say otherwise," she said. "What we are seeing is that there are tradeoffs when we lose forest cover, and we need to open up the conversation about those."

This work was supported by the U.S. Department of Agriculture Forest Service Southern Research Station agreement number 20-CS-11330180-053.
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Accelerating drug discovery with a single carbon atom | ScienceDaily
A research team from the University of Oklahoma has pioneered a groundbreaking method that could accelerate drug discovery and reduce pharmaceutical development costs. Their work, published in the Journal of the American Chemical Society, introduces a safe, sustainable way to insert a single carbon atom into drug molecules at room temperature. These atoms have versatile diversification handles for further modifications that allow researchers to enhancing chemical diversity without compromising sensitive structures.


						
Nitrogen atoms and nitrogen-containing rings, known as heterocycles, play crucial roles in the development of medicines. A research team led by OU Presidential Professor Indrajeet Sharma has found a way to change these rings by adding just one carbon atom using a fast-reacting chemical called sulfenylcarbene. This method, called skeletal editing, transforms existing molecules into new drug candidates.

"By selectively adding one carbon atom to these existing drug heterocycles in the later stages of development, we can change the molecule's biological and pharmacological properties without changing its functionalities," he said. "This could open uncharted regions of chemical space in drug discovery."

Previous studies have demonstrated a similar concept but relied on potentially explosive reagents, exhibited limited functional group compatibility, and posed significant safety concerns for industrial-scale applications.

Sharma's team has developed a bench-stable reagent that generates sulfenylcarbenes under metal-free conditions at room temperature, achieving yields as high as 98%. Avoiding metal-based carbenes helps reduce environmental and health risks because many metals are known to have some level of human toxicity.

The researchers are also exploring how this chemistry could revolutionize a fast-growing area in pharmaceutical science known as DNA-encoded library (DEL) technology. DEL platforms allow researchers to rapidly screen billions of small molecules for their potential to bind to disease-relevant proteins.

The metal-free, room-temperature conditions of the team's new carbon insertion strategy make it a compelling candidate for use in DNA-encoded libraries. Unlike other reactions that need harsh chemicals or high heat, this new method works in water-friendly liquids and is gentle enough to use with molecules attached to DNA.

By enabling precise skeletal editing in collaboration with the Damian Young group at the Baylor College of Medicine, Sharma's approach could significantly enhance the chemical diversity and biological relevance of DEL libraries. Importantly, these are two key bottlenecks in drug discovery.

"The cost of many drugs depends on the number of steps involved in making them, and drug companies are interested in finding ways to reduce these steps. Adding a carbon atom in the late stages of development can make new drugs cheaper. It's like renovating a building rather than building it from scratch," Sharma said. "By making these drugs easier to produce at large scale, we could reduce the cost of healthcare for populations around the world."
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Breakthrough in fuel cell recycling turns 'forever chemicals' into renewable resources | ScienceDaily
A new technique that uses soundwaves to separate materials for recycling could help prevent potentially harmful chemicals leaching into the environment.


						
Researchers at the University of Leicester have achieved a major milestone in fuel cell recycling, advancing techniques to efficiently separate valuable catalyst materials and fluorinated polymer membranes (PFAS) from catalyst-coated membranes (CCMs).

This development addresses critical environmental challenges posed by PFAS -- often referred to as 'forever chemicals' -- which are known to contaminate drinking water and have serious health implications. The Royal Society of Chemistry has urged government intervention to reduce PFAS levels in UK water supplies.

Fuel cells and water electrolysers, essential components of hydrogen-powered energy systems, powering cars, trains and buses, depend on CCMs containing precious platinum group metals. However, the strong adhesion between catalyst layers and PFAS membranes has made recycling difficult. Researchers at Leicester have developed a scalable method using organic solvent soaking and water ultrasonication to effectively separate these materials, revolutionising the recycling process.

Dr Jake Yang from the University of Leicester School of Chemistry said: "This method is simple and scalable. We can now separate PFAS membranes from precious metals without harsh chemicals -- revolutionising how we recycle fuel cells. Fuel cells have been heralded for a long time as the breakthrough technology for clean energy but the high cost of platinum group metals has been seen as a limitation. A circular economy in these metals will bring this breakthough technology one step closer to reality."

Building on this success, a follow-up study introduced a continuous delamination process, using a bespoke blade sonotrode that uses high frequency ultrasound to split the membranes to accelerate recycling. The process creates bubbles that collapse when subjected to high pressure, meaning the precious catalysts can be separated in seconds at room temperature. The innovative process is both sustainable and economically viable, paving the way for widespread adoption.

This groundbreaking research was carried out in collaboration with Johnson Matthey, a global leader in sustainable technologies. Industry-academia partnerships such as this underscore the importance of collective efforts in driving technological progress.

Ross Gordon, Principal Research Scientist at Johnson Matthey, said: "The development of high-intensity ultrasound to separate catalyst-loaded membranes is a game-changer in how we approach fuel cell recycling. At Johnson Matthey, we are proud to collaborate on pioneering solutions that accelerate the adoption of hydrogen-powered energy while making it more sustainable and economically viable."

As fuel cell demand continues to grow, this breakthrough contributes to the circular economy by enabling efficient recycling of essential clean energy components. The researchers' efforts support a greener and more affordable future for fuel cell technology while addressing pressing environmental challenges.
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Breakthrough discovery uses gut bacteria and AI to diagnose a chronic pain syndrome | ScienceDaily
McGill University researchers, in collaboration with colleagues in Israel and Ireland, have developed AI technology that can detect patterns in gut bacteria to identify complex regional pain syndrome (CRPS) with remarkable accuracy, potentially transforming how CRPS is diagnosed and treated.


						
CRPS, estimated to affect between 400,000 and 2.1 million people worldwide, typically develops in a limb after injury or surgery and can lead to long-term disability. It causes severe, persistent pain -- often far worse than the initial injury -- along with swelling and changes in skin colour and temperature.

"CRPS remains challenging to treat, with patients often experiencing prolonged suffering before receiving appropriate care," said senior author Dr. Amir Minerbi, Director of the Institute for Pain Medicine at Rambam Health Campus in Haifa, Israel, and senior lecturer at the Technion -- Israel Institute of Technology.

A 'microbiome signature' of CRPS

The study, published in the journal Anesthesiology, used advanced machine learning to analyze gut microbiome samples from two cohorts, one from Israel and one from Canada.

"What's remarkable about this study is that we trained our machine learning algorithms on high quality microbiome data from patients in Israel and successfully predicted CRPS in Canadian patients with over 90-per-cent accuracy," said Emmanuel Gonzalez, lead author and member of the McGill Centre for Microbiome Research and Canadian Centre for Computational Genomics.

"This is extraordinary because factors like geography, climate, diet and natural variation between people typically create large microbiome differences. Yet, our AI approach seems to have identified a common 'microbiome signature' of CRPS, suggesting microbiome-based diagnostics could work across populations in different countries."

The research identified significant differences between the gut bacteria of CRPS patients and pain-free individuals.




Findings suggest some people might be prone to CRPS

Surprisingly, the researchers also found that even patients whose symptoms completely disappeared after limb amputation still had the same gut bacteria pattern, or microbiome signature, linked to CRPS.

"This persistent signature suggests the gut microbiome might make some people more prone to developing CRPS, with an injury or other event triggering the condition," said Dr. Yoram Shir, Professor in the Department of Anesthesia at McGill's Faculty of Medicine and Health Sciences, who led the clinical work in Montreal.

The findings were based on analyses of 120 microbiome and over 100 plasma samples, making this one of the largest-ever investigations of the gut microbiome in connection with chronic pain conditions.
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NASA's NICER maps debris from recurring cosmic crashes | ScienceDaily
For the first time, astronomers have probed the physical environment of repeating X-ray outbursts near monster black holes thanks to data from NASA's NICER (Neutron star Interior Composition Explorer) and other missions.


						
Scientists have only recently encountered this class of X-ray flares, called QPEs, or quasi-periodic eruptions. A system astronomers have nicknamed Ansky is the eighth QPE source discovered, and it produces the most energetic outbursts seen to date. Ansky also sets records in terms of timing and duration, with eruptions every 4.5 days or so that last approximately 1.5 days.

"These QPEs are mysterious and intensely interesting phenomena," said Joheen Chakraborty, a graduate student at the Massachusetts Institute of Technology in Cambridge. "One of the most intriguing aspects is their quasi-periodic nature. We're still developing the methodologies and frameworks we need to understand what causes QPEs, and Ansky's unusual properties are helping us improve those tools."

Ansky's name comes from ZTF19acnskyy, the moniker of a visible-light outburst seen in 2019. It was located in a galaxy about 300 million light-years away in the constellation Virgo. This event was the first indication that something unusual might be happening.

A paper about Ansky, led by Chakraborty, was published Tuesday in The Astrophysical Journal.

A leading theory suggests that QPEs occur in systems where a relatively low-mass object passes through the disk of gas surrounding a supermassive black hole that holds hundreds of thousands to billions of times the Sun's mass.

When the lower-mass object punches through the disk, its passage drives out expanding clouds of hot gas that we observe as QPEs in X-rays.




Scientists think the eruptions' quasi-periodicity occurs because the smaller object's orbit is not perfectly circular and spirals toward the black hole over time. Also, the extreme gravity close to the black hole warps the fabric of space-time, altering the object's orbits so they don't close on themselves with each cycle. Scientists' current understanding suggests the eruptions repeat until the disk disappears or the orbiting object disintegrates, which may take up to a few years.

"Ansky's extreme properties may be due to the nature of the disk around its supermassive black hole," said Lorena Hernandez-Garcia, an astrophysicist at the Millennium Nucleus on Transversal Research and Technology to Explore Supermassive Black Holes, the Millennium Institute of Astrophysics, and University of Valparaiso in Chile. "In most QPE systems the supermassive black hole likely shreds a passing star, creating a small disk very close to itself. In Ansky's case, we think the disk is much larger and can involve objects farther away, creating the longer timescales we observe."

Hernandez-Garcia, in addition to being a co-author on Chakraborty's paper, led the study that discovered Ansky's QPEs, which was published in April in Nature Astronomy and used data from NICER, NASA's Neil Gehrels Swift Observatory and Chandra X-ray Observatory, as well as ESA's (European Space Agency's) XMM-Newton space telescope.

NICER's position on the International Space Station allowed it to observe Ansky about 16 times every day from May to July 2024. The frequency of the observations was critical in detecting the X-ray fluctuations that revealed Ansky produces QPEs.

Chakraborty's team used data from NICER and XMM-Newton to map the rapid evolution of the ejected material driving the observed QPEs in unprecedented detail by studying variations in X-ray intensity during the rise and fall of each eruption.

The researchers found that each impact resulted in about a Jupiter's worth of mass reaching expansion velocities around 15% of the speed of light.




The NICER telescope's ability to frequently observe Ansky from the space station and its unique measurement capabilities also made it possible for the team to measure the size and temperature of the roughly spherical bubble of debris as it expanded.

"All NICER's Ansky observations used in these papers were collected after the instrument experienced a 'light leak' in May 2023," said Zaven Arzoumanian, the mission's science lead at NASA's Goddard Space Flight Center in Greenbelt, Maryland. "Even though the leak -- which was patched in January -- affected the telescope's observing strategy, NICER was still able to make vital contributions to time domain astronomy, or the study of changes in the cosmos on timescales we can see."

After the repair, NICER continued observing Ansky to explore how the outbursts have evolved over time. A paper about these results, led by Hernandez-Garcia and co-authored by Chakraborty, is under review.

Observational studies of QPEs like Chakraborty's will also play a key role in preparing the science community for a new era of multimessenger astronomy, which combines measurements using light, elementary particles, and space-time ripples called gravitational waves to better understand objects and events in the universe.

One goal of ESA's future LISA (Laser Interferometer Space Antenna) mission, in which NASA is a partner, is to study extreme mass-ratio inspirals -- or systems where a low-mass object orbits a much more massive one, like Ansky. These systems should emit gravitational waves that are not observable with current facilities. Electromagnetic studies of QPEs will help improve models of those systems ahead of LISA's anticipated launch in the mid-2030s.

"We're going to keep observing Ansky for as long as we can," Chakraborty said. "We're still in the infancy of understanding QPEs. It's such an exciting time because there's so much to learn."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250506131338.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Experimental quantum communications network | ScienceDaily
Researchers at the University of Rochester and Rochester Institute of Technology recently connected their campuses with an experimental quantum communications network using two optical fibers. In a new paper published in Optica Quantum, scientists describe the Rochester Quantum Network (RoQNET), which uses single photons to transmit information about 11 miles along fiber-optic lines at room temperature using optical wavelengths.


						
Quantum communications networks have the potential to massively improve the security with which information is transmitted, making messages impossible to clone or intercept without detection. Quantum communication works with quantum bits, or qubits, that can be physically created using atoms, superconductors, and even in defects in materials like diamond. However, photons -- individual particles of light -- are the best type of qubit for long distance quantum communications.

Photons are appealing for quantum communication in part because they could theoretically be transmitted over existing fiber-optic telecommunications lines that already crisscross the globe. In the future, many types of qubits will likely be utilized because qubit sources, like quantum dots or trapped ions, each have their own advantages for specific applications in quantum computing or different types of quantum sensing. However, photons are the most compatible with existing communications lines. The new paper is focused on making quantum communication between different types of qubits in a network a reality.

"This is an exciting step creating quantum networks that would protect communications and empower new approaches to distributed computing and imaging," says Nickolas Vamivakas, the Marie C. Wilson and Joseph C. Wilson Professor of Optical Physics, who led the University of Rochester's efforts. "While other groups have developed experimental quantum networks, RoQNET is unique in its use of integrated quantum photonic chips for quantum light generation and solid-state based quantum memory nodes."

The teams at the University of Rochester and RIT combined their expertise in optics, quantum information, and photonics to develop technology with photonic-integrated circuits that could facilitate the quantum network. Currently, efforts to leverage fiber-optic lines for quantum communication require bulky and expensive superconducting-nanowire-single-photon-detectors (SNSPDs), but they hope to eliminate this barrier.

"Photons move at the speed of light and their wide range of wavelengths enable communication with different types of qubits," says Stefan Preble, professor in the Kate Gleason College of Engineering at RIT. "Our focus is on distributed quantum entanglement, and RoQNET is a test bed for doing that."

Ultimately, the researchers want to connect RoQNET to other research facilities across New York State at Brookhaven National Lab, Stony Brook University, Air Force Research Laboratory, and New York University.

The research was supported by Air Force Research Laboratory.
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How AI tools can improve manufacturing worker safety, product quality | ScienceDaily
Recent artificial intelligence advances have largely focused on text, but AI increasingly shows promise in other contexts, including manufacturing and the service industry. In these sectors, targeted AI improvements can improve product quality and worker safety, according to a new study co-authored by an interdisciplinary team of experts from the University of Notre Dame.


						
The study, published in Information Fusion, explores how a class of AI tools capable of processing multiple types of inputs and reasoning can affect the future of work. These tools, which include ChatGPT, are known as multimodal large language models. And while most studies on AI and work have focused on office work, this new research examined production work settings, where the benefits of AI may seem less apparent.

Notre Dame researchers collaborated with Indiana welding experts at the Elkhart Area Career Center, Plymouth High School, Career Academy South Bend, Plumbers & Pipefitters Local Union 172 and Ivy Tech Community College to gather images for the study, leveraging relationships cultivated through the work of the University's iNDustry Labs. Northern Indiana has one of the highest concentrations of manufacturing jobs in the United States and iNDustry Labs has collaborated with more than 80 companies in the region on more than 200 projects.

Research focused on welding across several industries: RV and marine, aeronautical and farming. The study examined how accurately large language models assessed weld images to determine whether the welds shown would work for different products. Researchers found that while these AI tools showed promise in assessing weld quality, they performed significantly better analyzing curated online images compared to actual welds.

"This discrepancy underscores the need to incorporate real-world welding data when training these AI models, and to use more advanced knowledge distillation strategies when interacting with AI," said co-author Nitesh Chawla, the Frank M. Freimann Professor of Computer Science and Engineering at the University of Notre Dame and the founding director of the University's Lucy Family Institute for Data and Society. "That will help AI systems ensure that welds work as they should. Ultimately, this will help improve worker safety, product quality and economic opportunity."

Researchers discovered that context-specific prompts may enhance the performance of AI models in some cases, and noted that the size or complexity of the models did not necessarily lead to better performance. Ultimately, the study's co-authors recommended that future studies focus on improving models' ability to reason in unfamiliar domains.

"Our study shows the need to fine-tune AI to be more effective in manufacturing and to provide more robust reasoning and responses in industrial applications," said Grigorii Khvatski, a doctoral student in Notre Dame's Department of Computer Science and Engineering and a Lucy Family Institute Scholar.




Yong Suk Lee, associate professor of technology, economy and global affairs in Notre Dame's Keough School of Global Affairs and program chair for technology ethics at Notre Dame's Institute for Ethics and the Common Good, said the study's findings have important implications for the future of work.

"As AI adoption in industrial contexts grows, practitioners will need to balance the trade-offs between using complex, expensive general-purpose models and opting for fine-tuned models that better meet industry needs," Lee said. "Integrating explainable AI into these decision-making frameworks will be critical to ensuring that AI systems are not only effective but also transparent and accountable."

The study received funding from the U.S. National Science Foundation Future of Work program and is one of the federally funded research projects at the University of Notre Dame.

In addition to Chawla, Khvatski and Lee, study co-authors include Corey Angst, the Jack and Joan McGraw Family Collegiate Professor of IT, Analytics and Operations in the University's Mendoza College of Business; Maria Gibbs, senior director of Notre Dame's iNDustry Labs; and Robert Landers, advanced manufacturing collegiate professor in Notre Dame's College of Engineering.
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Would a musical triangle of any other shape sound as sweet? | ScienceDaily
The triangle is a small instrument made of a metal rod bent into a triangle shape that is open at one corner. While small, its sound is distinct, with multiple overtones and nonharmonic resonance. But what causes the surprisingly powerful sound?


						
"The triangle instrument produces enchanting and beautiful tones, raising deep and profound questions about the connection between music and physics," author Risako Tanigawa said. "Optical sound measurement has only been applied to limited subjects until now. By observing the sound field of a triangle for the first time, we captured phenomena not previously explored through microphone observations."

In a paper published this week in JASA Express Letters, published on behalf of the Acoustical Society of America by AIP Publishing, Tanigawa and colleagues at NTT Corporation and Waseda University in Japan captured sound fields around musical triangles.

Sound moving through the air causes vibrations that affect the air density and the speed at which light travels through the air. Specialized photographic methods known as acousto-optic imaging can capture the differences in light intensity to study detailed characteristics of sound vibration patterns.

As an example of these patterns, a standing wave is created when two identical sound waves are superimposed on top of each other, moving in opposite directions through the instrument's metal material to produce sound. Eigenfrequencies, or natural frequencies, occur when an instrument can sustain a standing wave without external forces. Resonance occurs when external forces match this natural frequency, increasing the amplitude of sound waves to create a louder sound.

"There is still room for discussion, but the observation of standing waves in a semi-open space is intriguing because it is generally known that resonance occurs in shapes with closed sides, but our experimental results suggest it may occur in semi-open space as well," Tanigawa said.

With this project, the researchers wanted to understand the physical properties of the triangle instrument that create these conditions, test assumptions about the contribution of the triangle shape, and capture clear documentation through pictures of the sound waves around the triangle. Next, they want to further investigate the impact of the open space at the corner of the triangle on resonance.

"Musical instruments play a significant role in human lives, serving cultural, social, and physical functions," Tanigawa said. "Understanding the physical properties of an instrument provides benefits such as preserving traditional musical instruments and providing insights for instrument makers, players, and development of electronic instruments."
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Do manta rays benefit from collective motion? | ScienceDaily
From bird flocking to fish schooling, many biological systems exhibit some type of collective motion, often to improve performance and conserve energy. Compared to other swimmers, manta rays are particularly efficient, and their large aspect ratio is useful for creating large lift compared to drag. These properties make their collective motion especially relevant to complex underwater operations.


						
To understand how their group dynamics affect their propulsion, researchers from Northwestern Polytechnical University (NPU) and the Ningbo Institute of NPU, in China, modeled the motions of groups of manta rays, which they present in Physics of Fluids, by AIP Publishing.

"As underwater operation tasks become more complex and often require multiple underwater vehicles to carry out group operations, it is necessary to take inspiration from the group swimming of organisms to guide formations of underwater vehicles," said author Pengcheng Gao. "Both the shape of manta rays and their propulsive performance are of great value for biomimicry."

Based on photographs of real manta ray configurations, the researchers studied different formations of three manta rays: in tandem, in a triangular setup with one manta ray in front leading two behind, and in an inverse triangular configuration with one manta ray trailing the other two.

They found the tandem formation only significantly increases propulsion for the middle manta ray, whose performance directly determines the performance of the entire group. The two triangular setups both result in overall decreased efficiency compared to a single swimmer on its own. These findings can help optimize formations for underwater vehicle operations.

"The tandem formation and the triangular formation are the formations that manta rays often use during group swimming," said Gao. "This biological information also supports the idea that a small group of three individuals can be used as a basic unit for more complex group swimming."

In nature, manta rays swim in numbers ranging from pairs all the way up to swarms of thousands. However, previous studies have only considered manta rays in pairs or on their own. Because Gao and the team expanded the study into a unit of three, their findings can be extended into a larger number of swimmers by considering larger groups to be composites of those modeled in the paper.

"Future research should focus on the performance of group swimming under the coupling of multiple factors, such as formations, spacing, and motion differences, in addition to considering the combination of deep learning algorithms to achieve active control of the motion parameters of the individual in the group," said Gao.
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Bridging Worlds: Physicists develop novel test of the Holographic Principle | ScienceDaily
Exactly 100 years ago, famed Austrian physicist Erwin Schrodinger (yes, the cat guy) postulated his eponymous equation that explains how particles in quantum physics behave. A key component of quantum mechanics, Schrodinger's Equation provides a way to calculate the wave function of a system and how it changes dynamically in time.


						
"Quantum mechanics, along with Albert Einstein's theory of general relativity are the two pillars of modern physics," says Utah State University physicist Abhay Katyal. "The challenge is, for more than half a century, scientists have struggled to reconcile these two theories."

Quantum mechanics, says Katyal, a doctoral student and Howard L. Blood Graduate Fellow in the Department of Physics, describes the behavior of matter and forces at the subatomic level, while general relativity explains gravity on a large scale.

"Many unknowns in physics are explained by one side or the other, but these explanations are often incompatible," says Oscar Varela, associate professor and Katyal's faculty mentor. "Quantum gravity is an attempt to combine these theories but, to this day, we don't know what quantum gravity is."

In the quest toward finding the correct theory of quantum gravity, Varela and Katyal, with former USU postdoctoral fellow Ritabrata Bhattacharya, describe their progress in testing the holographic principle which, they say, is a key property of any valid theory of quantum gravity. The team published their findings in the April 6, 2025 online issue of the American Physical Society's Physical Review Letters. Their research is supported by the National Science Foundation Elementary Particle Physics-Theory program.

"Proposed theories of quantum qravity are difficult to test experimentally because we don't have the technology to predict effects occurring at extremely high energies or extremely small scales," Varela says. "For theoretical physicists like us, a precise mathematical model is akin to the apparatus of an experimental physicist: It can be used to make predictions about the physical world."

For the USU team, the holographic principle is the vehicle to push forward toward a new frontier in physics thought.

"The holographic principle is our model to make predictions about quantum gravity," Varela says.
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Scientists discover a new way to convert corn waste into low-cost sugar for biofuel | ScienceDaily
Scientists at Washington State University have found a new way to produce sugar from corn stalks and other crop waste, potentially opening a new pathway to sustainable biofuels.


						
Newly published in Bioresource Technology, their experimental process used ammonium sulfite-based alkali salts to convert corn stover -- leftover corn stalks, husks, and other residues -- into low-cost sugar for production of biofuels and bioproducts, making the process more economically feasible.

"Inexpensive sugar is the key to commercial success for new technologies that make fuels and useful products from renewable biomass," said Bin Yang, professor at WSU's Department of Biological Systems Engineering and a lead investigator on the study.

Yang and collaborators at the University of Connecticut, the National Renewable Energy Laboratory (NREL), the USDA Forest Products Lab in Madison, Wisconsin, and Washington University in St. Louis, Missouri, sought a cost-competitive way to efficiently turn cellulosic biomass -- residues from corn and other tough, lignin- and cellulose-rich crops -- into sugar.

Abundant and cheap, biomass holds great potential as a source of energy and valuable chemicals. But its high cost of processing, due to the difficulties in breaking down complex structural molecules like cellulose and lignin, remains a major challenge.

To unlock the vast potential benefits of this resource, it's essential to develop new pretreatment technologies that can better break down complex polymers to produce affordable sugars.

In the paper, scientists describe how they developed a process that pretreats corn stover with potassium hydroxide and ammonium sulfite at mild temperatures. The treatment allows enzymes to break down cellulosic polymers into sugar, which can then be fermented into biofuels and bioproducts without the need for chemical recovery.




They calculated that, by offsetting the cost of production through byproduct uses or sales, the resulting sugar could be sold for as low as 28 cents per pound, making it competitive with low-cost imported sugar.

"This patent-pending process produces high-quality fermentable sugar for the biorefinery -- the industrial process turning plant matter into fuel -- as well as fertilizer that can replenish soil nutrients for farmers," Yang theorized. "There's no waste stream."

The project was funded by the U.S. Department of Energy's Bioenergy Technologies Office.

"In the next phase, we will be advancing our pretreatment technology at a pilot scale," said Xiaowen Chen, a scientist at NREL and principal investigator on the project.
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New silver mass brings us a step closer in our understanding of the antineutrino mass | ScienceDaily
Neutrinos and antineutrinos are elementary particles with small but unknown mass. High-precision atomic mass measurements at the Accelerator Laboratory of the University of Jyvaskyla, Finland, have revealed that beta decay of the silver-110 isomer has a strong potential to be used for the determination of electron antineutrino mass. The result is an important step paving the way for future antineutrino experiments.


						
The mass of neutrinos and their antineutrinos is one of the big unanswered questions in physics. Neutrinos are elementary particles in the Standard Model of particle physics and are very common in nature. They are produced, for example, by nuclear reactions in the Sun. Every second, trillions of solar neutrinos travel through us.

"Their mass determination would be of utmost importance," says Professor Anu Kankainen from the University of Jyvaskyla. "Understanding them can give us a better picture of the evolution of the universe."

A path to understanding electron antineutrinos 

One way of producing electron antineutrinos and determining their mass is via nuclear beta decay. It is a weak interaction process that produces a daughter nucleus, an electron and its antineutrino. The energy released in the process is known as the decay Q value. It is set by the masses of the parent nucleus and the decay products.

"Since the electron antineutrino mass is estimated to be at least five orders of magnitude smaller than the electron mass, it is very challenging to observe its contribution to the beta decay," says doctoral researcher Jouni Ruotsalainen from University of Jyvaskyla, who is studying this issue as part of his doctoral thesis. "To make it more accountable, beta decays which release very little energy, the so-called low-Q-value beta decays, are of particular interest."

Beta decay of silver-110 isomer: a new and promising candidate for antineutrino mass measurements 

Researchers at the University of Jyvaskyla have discovered a potential nuclear beta decay that could be used for antineutrino mass determination.




"Previous searches have mainly focused on ground-state beta decays but also many long-lived excited states known as isomers decay via beta decay," says Ruotsalainen. "One such case is the isomer in the silver-110 isotope. It has a long half-life of around 250 days and decays primarily via beta decay to excited states in its daughter nucleus cadmium-110."

Researcher surprised by the ease of mass measurement and results 

Based on the literature values, the beta-decay Q-value from the silver-110 isomer to an excited state at 3008.41 keV could be negative, meaning that the decay is not possible, or slightly positive. The main uncertainty comes from the parent and daughter nuclide ground states.

"We could considerably reduce the uncertainty of this Q value by measuring the mass difference between the stable silver-109 and cadmium-110 isotopes with the JYFLTRAP Penning trap mass spectrometer of the Accelerator Laboratory," explains Ruotsalainen. "It was quite easy to produce the stable silver and cadmium ions with our existing electric discharge ion sources and measure their mass difference using the phase-imaging ion cyclotron resonance technique. I was thrilled to see that the resulting Q value, 405(135) eV, is positive and actually the lowest for any allowed beta decay transition discovered so far."

Theoretical physicists confirmed experimental results 

Not all the decays of the silver-110 isomer lead to the state at 3008.41 keV in cadmium-110. To estimate their fraction, shell-model calculations were performed.




"Our calculations show that about three out of every million decays from this isomer follow the fascinating, low-energy route. While that may sound tiny, it's actually quite significant for such a low-energy transition. Moreover, with a half-life of around 250 days, the isomer sticks around long enough for researchers to produce a meaningful sample and hopefully catch a good number of these rare decays in action," comments researcher Marlom Ramalho, who performed the theoretical work. Ramalho recently defended his PhD thesis at the University of Jyvaskyla and is currently a postdoctoral fellow of the Oskar Huttunen Foundation at the University of York.

Measurements continue 

The allowed character of the beta decay of the silver-110 isomer, the obtained very low Q value, and the fact that the isomer is easily produced in nuclear reactors via thermal neutrons, makes silver-110 a very attractive candidate for future antineutrino experiments.

"This is certainly a case to be studied in more detail," says Kankainen. "Our fruitful collaboration with the local theorists indicated also a couple of new isomeric beta decays that could be studied next for neutrino physics. It is nice to see that measurements of stable or near stable isotopes can still be very impactful."
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Accordion effect makes graphene stretchable | ScienceDaily
Graphene is a "miracle material": mechanically extremely strong and electrically highly conductive, ideal for related applications. Using a worldwide unique method physicists at the University of Vienna led by Jani Kotakoski have for the first time made graphene drastically more stretchable by rippling it like an accordion. This paves the way for new applications in which certain stretchability is required (e.g. wearable electronics). In a collaboration with the Vienna University of Technology the exact mechanism of this phenomenon has been revealed and published in the journal Physical Review Letters.


						
The first experimental evidence of graphene in 2004 established a completely new class of materials, the so-called two-dimensional (2D) solids. Their name stems from the fact that they are only a single layer of atoms thick, giving rise to exotic material properties that could benefit various areas of application. Graphene for example stands out with its enormous electrical conductivity, but it is also very stiff. This extreme stiffness is a result of the honeycomb-shaped arrangement of the atoms in the material. Intuitively, the removal of some atoms from the material alongside their bonds should lead to a reduction in stiffness. However, scientific studies have reported both a slight reduction as well as a significant increase.

These contradictions have now been clarified through new measurements conducted by researchers of the group led by Jani Kotakoski at the University of Vienna. The experiments were carried out with state-of-the-art devices all sharing the same ultra-clean airless environment. This allows transporting samples between the different devices without ever being exposed to ambient air. "This unique system we have developed in the University of Vienna allows us to examine 2D materials without interference," explains Jani Kotakoski. Wael Joudi, first author of the study adds: "For the first time this kind of experiment has been carried out with the graphene fully isolated from ambient air and the foreign particles it contains. Without this separation, these particles would quickly settle on the surface affecting the experiment procedure and measurements."

In fact, the focus on meticulous cleanliness of the material surface led to the discovery of the so-called accordion effect with regard to the stiffness of graphene: already the removal of two neighbouring atoms leads to discernible bulging of the initially flat material. Several bulges together result in a corrugation of the material: "You can imagine it like an accordion. When pulled apart, the waved material now gets flattened, which requires much less force than stretching the flat material and therefore it becomes more stretchable," explains Wael Joudi. Simulations carried out by the theoretical physicists Rika Saskia Windisch and Florian Libisch from the Vienna University of Technology confirm both the formation of waves and the resulting stretchability.

The experiments also showed that foreign particles on the material surface not only supress this effect, but lead to the opposite result. Specifically, their influence makes the material appear stiffer, which also explains contradictions of the past. "This shows the importance of the measurement environment when dealing with 2D materials. The results open up a way to regulate the stiffness of graphene and thus pave the way for potential applications," concludes Wael Joudi.

The research was funded in whole or in part by the Austrian Science Fund (FWF).
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Fruit and microbes boost biogas production and fermentation | ScienceDaily
Alfalfa is more than a protein-rich feed for livestock; it may also be an excellent source of biogas. This mixture of methane and other gases is produced when plants (or any organic matter) undergo anaerobic digestion.


						
This week in mSphere, researchers in China report on a new recipe for improving biogas production from alfalfa. Adding fruit waste and an anaerobic microbe to the mix first leads to co-fermentation, then produces methane.

The group's findings suggest that the additions boost biogas production from alfalfa and reduce the cost of the process. The added ingredients also increased the nutritional content of the remaining plant matter, which can be used as feed.

"The process offers an attractive opportunity to increase methane production from fruit waste," said microbiologist Qiming Cheng, Ph.D, at the Guizhou University College of Animal Science. Fruit and plant biomass, noted Cheng, may serve as an inexpensive, stable source of clean energy, and an alternative to fossil fuels.

The first added ingredient was a paste-like pomace of rose hip (Rosa roxburghi), a fruit cultivated widely in the southwest region of Guizhou and often processed into juice. Fermenting the rose hip pomace, left behind after juicing, offers an appealing way to dispose of the rose hip remains. "The local treatment of its waste can reduce the cost of raw material transportation and promote the implementation of rural biogas projects," Cheng said.

The second ingredient is Lactobacillus acidophilus, an anaerobic microbe often used as a probiotic. The researchers compared samples of alfalfa, harvested from the region, that had been treated with both the pomace and L. acidophilus to samples untreated, and to samples treated with each additive individually. At various intervals over 50 days, they analyzed the chemical composition of treated and untreated samples, and monitored the pH and other fermentation process.

The combined fruit waste and L. acidophilus had a synergistic effect and stimulated anaerobic fermentation, the researchers reported. The samples that included both materials showed a 33% increase in methane production after 3 days, compared to the untreated samples.

During fermentation, the samples became more acidic, with the fastest decrease in pH occurring in the samples treated with the pomace and probiotic. The combined treatment also promoted the development of lactic acid bacteria, which enriched the biomass.

The researchers found an increased relative abundance of Lactiplantibacillus plantarum, and a decrease in the relative abundance of Lactococcus lactis, Kosakonia cowanii, and Enterococcus mundtii in the treated samples. Those changes in the bacterial composition of the treated alfalfa samples, after anaerobic fermentation, helped set the stage for generating methane, Cheng said.
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Robotic touch sensors are not just skin deep | ScienceDaily
Researchers at Northwestern University and Israel's Tel Aviv University have overcome a major barrier to achieving a low-cost solution for advanced robotic touch. The authors argue that the problem that has been lurking in the margins of many papers about touch sensors lies in the robotic skin itself.


						
In the study, inexpensive silicon rubber composites used to make skin were observed to host an insulating layer on the top and bottom surfaces, which prevented direct electrical contact between the sensing polymer and the monitoring surface electrodes, making accurate and repeatable measurements virtually impossible. With the error eliminated, cheap robotic skins could allow robots to mimic human touch, allowing them to sense an object's curves and edges, necessary to properly grasp it.

In a paper published in the journal Advanced Electronic Materials, an interdisciplinary team of researchers that pairs electrical engineers with polymer materials scientists sheds light on this problem and provides a path forward with practical steps for validating electrical contacts, which might unknowingly be obscuring device performance, according to Northwestern's Matthew Grayson, a professor of electrical and computer engineering at the McCormick School of Engineering.

"A lot of scientists misunderstand their sensor response because they lump together the behavior of the contacts with the behavior of the sensor material, resulting in inconsistent data," Grayson said. "It turns out, if you are not aware of this problem, you can publish papers which no one can reproduce. Our work identifies the exact problem, quantifies its extent both microscopically and electrically, and gives a clear step-by-step trouble-shooting manual to fix the problem."

The rubber that can be used for typical robotic skin, called an elastomer, is flexible, lightweight and inexpensive, and when electrically conducting fillers like carbon nanotubes are added to the mix, the resulting composite becomes an ideal candidate for a touch sensor, whose resistance changes locally when pressed. But to receive electrical signals, the sensors need to be electrically contacted, and the researchers detected a thin insulating layer ever-present in such composites which could drastically change the behavior of the contacts. Just by sanding down the ultrathin insulation layer, the team was able to achieve a much stronger electrical contact and calibrate the thickness of the insulating layer both electrically and microscopically.

"All interesting things happen at the interface," said co-author and professor at Tel Aviv University Noa Lachman. "This publication not only shows the importance of sensor interfaces, but also the importance of working at the nexus between two different disciplines: materials science and electrical engineering. Materials experts suspected the presence of this insulating external layer in conductive polymer composites for years but couldn't understand its electrical effects. Each of us has one piece of the puzzle, but only together can we get the whole picture."

Robotics in particular can be tricky in part because it requires so many types of expertise. The polymer materials scientist designing the functional electronic material for a robot, for example, does not have the same training and skills as the electrical engineer whose electronics will process the sensor signals. Grayson said the "contact preparation" challenge was precisely where the conversation about this research began.

"That's why our collaboration with Tel Aviv is essential -- they know the materials science that we don't know," Grayson said. "We rely on them to prepare the materials we are studying, then we take and study the material before turning around to help the Tel Aviv materials scientists characterize their materials better."

Producing new materials -- and then reproducing them -- requires consistency across many different variables that are often difficult or even impossible to control. In exposing the question of reproducibility in much of the literature on touch sensing, Grayson challenges the research community to hold itself to a higher standard with the quality check described in the paper. As awareness of this problem spreads among researchers, new publications can be more rigorously relied upon to advance the field with new capabilities.

The paper was supported by the U.S. National Science Foundation (NSF ECCS-1912694, NSF DMR-1720139), Northwestern through the Crown Family Fund, Leslie and Mac McQuown, Tel Aviv University through the Center for Nanoscience & Nanotechnology, and the U.S.-Israel Binational Science Foundation (BSF grant number 2018732). Additional publication support came from the Israel Innovation Project of Northwestern and Northwestern's department of electrical and computer engineering.
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Topical gel relieved ear infections in animals after just one dose | ScienceDaily
Ear infections are a common and painful occurrence in infants and toddlers. Oral antibiotics are often prescribed for a week to treat the condition, but these drugs can trigger side effects that disrupt treatment, which can lead to infection recurrence and antibiotic resistance. Now, researchers in ACS Nano report a topical antibiotic gel that, applied once, cured middle ear infection within 24 hours in chinchillas.


						
"I often receive emails from parents asking when our formulation will be available, and I share their hope for a solution," says Rong Yang, one of the research team leaders. "A single-dose treatment for middle ear infections represents a significant step forward toward reducing the burden on families and improving outcomes for young children."

For middle ear infections, applying an antibiotic directly to the infected area rather than taking it orally could help reduce side effects like yeast infections and upset stomach. However, these infections occur behind the tympanic membrane (eardrum) -- a structure that is impervious to most drugs. To overcome this problem, Yang, Wenjing Tang and colleagues encapsulated the antibiotic ciprofloxacin within liposomes, which have been used for delivery of other drugs because they interact with the cell structure of membranes like eardrums and skin to facilitate uptake.

Positively charged liposomes are widely considered better than negatively charged ones at transporting drugs across multilayered tissues like skin. In the current study, however, the researchers discovered that negatively charged liposomes were better able to deliver drugs across infected eardrums. Using mouse cells, they found this was because of the uptake of the liposomes by immune cells responding to the infection.

Yang's team encapsulated the antibiotic ciprofloxacin in negatively charged liposomes and added them to a temperature-sensitive hydrogel to form an antibiotic salve. They then conducted experiments with chinchillas because the animal's ears are like human ears in response to middle ear infections and treatment. They applied one of three formulations -- ciprofloxacin in negatively charged liposomes in gel, ciprofloxacin in positively charged liposomes in gel, or ciprofloxacin in gel -- to the eardrums of infected chinchillas and, after the gel solidified for sustained release, the antibiotic moved across the eardrum from the outer ear to the middle ear.

They found that all the ear-infected chinchillas receiving gel containing ciprofloxacin encapsulated in negatively charged liposomes were infection-free within 24 hours. Furthermore, the animals showed no eardrum inflammation or recurrence of infection during the seven days of treatment. In comparison, after seven days, only a portion of the animals receiving gel formulations with either free antibiotic (25%) or antibiotic encapsulated in positively charged liposomes (50%) were cleared of infection, and their eardrum inflammation was similar to that of untreated animals.

Yang, Tang and colleagues suggest that a single dose of treatment for middle ear infections could improve patient compliance and potentially reduce pediatric antibiotic usage, thereby improving patient care.

"I am most excited about the next stage of translating this technology from the lab to the clinic, as it has the potential to improve patient compliance, reduce antibiotic resistance, and ultimately transform how children receive antibiotics," says Yang.

The authors acknowledge funding from the Hartwell Foundation and the National Institute on Deafness and Other Communication Disorders, part of the National Institutes of Health.
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Big problem for fusion energy solved | ScienceDaily
Abundant, low-cost, clean energy -- the envisioned result if scientists and engineers can successfully produce a reliable method of generating and sustaining fusion energy -- took one step closer to reality, as a team of researchers from The University of Texas at Austin, Los Alamos National Laboratory and Type One Energy Group solved a longstanding problem in the field.


						
One of the big challenges holding fusion energy back has been the ability to contain high-energy particles inside fusion reactors. When high-energy alpha particles leak from a reactor, that prevents the plasma from getting hot and dense enough to sustain the fusion reaction. To prevent them from leaking, engineers design elaborate magnetic confinement systems, but there are often holes in the magnetic field, and a tremendous amount of computational time is required to predict their locations and eliminate them.

In their paper published in Physical Review Letters, the research team describes having discovered a shortcut that can help engineers design leak-proof magnetic confinement systems 10 times as fast as the gold standard method, without sacrificing accuracy. While several other big challenges remain for all magnetic fusion designs, this advance addresses the biggest challenge that's specific to a type of fusion reactor first proposed in the 1950s, called a stellarator.

"What's most exciting is that we're solving something that's been an open problem for almost 70 years," said Josh Burby, assistant professor of physics at UT and first author of the paper. "It's a paradigm shift in how we design these reactors."

A stellarator uses external coils carrying electric currents that generate magnetic fields to confine a plasma and high-energy particles. This confinement system is often described as a "magnetic bottle."

There is a way to identify where the holes are in the magnetic bottle using Newton's laws of motion, which is very precise but takes an enormous amount of computational time. Worse still, to design a stellarator, scientists might need to simulate hundreds or thousands of slightly different designs, tweaking the layout of the magnetic coils and iterating to eliminate the holes -- a process that would require a prohibitive amount of computation on top of that.

So, to save time and money, scientists and engineers routinely use a simpler method for approximating where the holes are, using an approach called perturbation theory. But that method is much less accurate, which has slowed the development of stellarators. The new method relies on symmetry theory, a different way of understanding the system.




"There is currently no practical way to find a theoretical answer to the alpha-particle confinement question without our results," Burby said. "Direct application of Newton's laws is too expensive. Perturbation methods commit gross errors. Ours is the first theory that circumvents these pitfalls."

This new method also can help with a similar but different problem in another popular magnetic fusion reactor design called a tokamak. In that design, there's a problem with runaway electrons -- high-energy electrons that can punch a hole in the surrounding walls. This new method can help identify holes in the magnetic field where these electrons might leak.

Burby's co-authors from UT are postdoctoral researcher Max Ruth and graduate student Ivan Maldonado. Other authors are Dan Messenger, a postdoctoral fellow at Los Alamos, and Leopoldo Carbajal, a computational scientist and data scientist at Type One Energy Group, a company planning to build stellarators for power generation.

This work was supported by the U.S. Department of Energy.
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A Big Data approach for battery electrolytes | ScienceDaily
Discovering new, powerful electrolytes is one of the major bottlenecks for designing next-generation batteries for electric vehicles, phones, laptops and grid-scale energy storage.


						
The most stable electrolytes are not always the most conductive. The most efficient batteries are not always the most stable. And so on.

"The electrodes have to satisfy very different properties at the same time. They always conflict with each other," said Ritesh Kumar, an Eric and Wendy Schimdt AI in Science Postdoctoral Fellow working in the Amanchukwu Lab at the University of Chicago Pritzker School of Molecular Engineering (UChicago PME).

Kumar is the first author of a new paper published in Chemistry of Materials that is putting artificial intelligence and machine learning on the job. The paper outlines a new framework for finding molecules that maximize three components that make an ideal battery electrolyte -- ionic conductivity, oxidative stability and Coulombic efficiency.

Pulling from a dataset compiled from 250 research papers going back to the earliest days of lithium-ion battery research, the group used AI to tally what they call the "eScore" for different molecules. The eScore balances those three criteria, identifying molecules that check all three boxes.

"The champion molecule in one property is not the champion molecule in another," said Kumar's principal investigator, UChicago PME Neubauer Family Assistant Professor of Molecular Engineering Chibueze Amanchukwu.

They've already tested their process, using AI to identify one molecule that performs as well as the best electrolytes on the market, a major advance in a field that often relies on trial-and-error.




"Electrolyte optimization is a slow and challenging process where researchers frequently resort to trial-and-error to balance competing properties in multi-component mixtures," said Northwestern University Assistant Professor of Chemical and Biological Engineering Jeffrey Lopez, who was not involved in the research. "These types of data-driven research frameworks are critical to help accelerate the development of new battery materials and to leverage advancements in AI-enabled science and laboratory automation."

The music of batteries

Artificial intelligence spots promising candidates for scientists to test in the lab so they waste less time, energy and resources on dead ends and false starts. UChicago PME researchers are already using AI to help develop cancer treatments, immunotherapies, water treatment methods, quantum materials and other new technologies.

Given that the theoretical number of molecules that could make battery electrolytes is 10 to the 60th power, or a one with 60 zeroes after it, technology that can flag likely winners from billions of non-starters gives researchers a huge advantage.

"It would have been impossible for us to go through hundreds of millions of compounds to say, 'Oh, I think we should study this one,'" Amanchukwu said.

Amanchukwu compared using AI in research to listening to music online.




Imagine an AI trained on a particular person's musical taste, the combination of qualities that go into their own personal "eScore" for good songs. The new electrolyte research created the equivalent of an AI that can go through an existing playlist and, song by song, predict whether the person will like it. The next step will be an AI that can create a playlist of songs it thinks the person will like, a subtle but important conceptual tweak.

The final step -- and the goal of the Amanchukwu Lab's AI research -- will be an AI that can write the music, or in this case design a new molecule, that meets all the parameters given.

Amanchukwu last year received a Google Research Scholar Award to help the lab get closer to that final step: truly generative electrolyte AI.

A quirk of graphic design

The team started curating the training data for the AI manually starting in 2020.

"The current dataset has thousands of potential electrolytes which we extracted from literature that spanned over 50 years of research," Kumar said.

One of the reasons they have to enter the data manually comes not from chemistry, but from graphic design.

When researchers write papers and journals lay them out in magazine format, the numbers the team turns into eScores are typically found in images. These are the jpeg or .png illustrations, charts, diagrams and other graphics that run within the text, but are not part of the text itself.

Most large language models training with research papers just read the text, meaning the UChicago PME team will be manually entering training data for some time to come.

"Even the models today really struggle with extracting data from images," Amanchukwu said.

Although the training data is massive, it's only the first step.

"I don't want to find a molecule that was already in my training data," Amanchukwu said. "I want to look for molecules in very different chemical spaces. So we tested how well these models predict when they see a molecule that they've never seen before."

The team found that when a molecule was chemically similar to one from the training data, the AI predicted how good of an electrolyte it would make with high accuracy. It struggled to flag unfamiliar materials, marking the team's next challenge in the quest to use AI to design next-generation batteries.
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Text-to-video AI blossoms with new metamorphic video capabilities | ScienceDaily
While text-to-video artificial intelligence models like OpenAI's Sora are rapidly metamorphosing in front of our eyes, they have struggled to produce metamorphic videos. Simulating a tree sprouting or a flower blooming is harder for AI systems than generating other types of videos because it requires the knowledge of the physical world and can vary widely.


						
But now, these models have taken an evolutionary step.

Computer scientists at the University of Rochester, Peking University, University of California, Santa Cruz, and National University of Singapore developed a new AI text-to-video model that learns real-world physics knowledge from time-lapse videos. The team outlines their model, MagicTime, in a paper published in IEEE Transactions on Pattern Analysis and Machine Intelligence.

"Artificial intelligence has been developed to try to understand the real world and to simulate the activities and events that take place," says Jinfa Huang, a PhD student supervised by Professor Jiebo Luo from Rochester's Department of Computer Science, both of whom are among the paper's authors. "MagicTime is a step toward AI that can better simulate the physical, chemical, biological, or social properties of the world around us."

Previous models generated videos that typically have limited motion and poor variations. To train AI models to more effectively mimic metamorphic processes, the researchers developed a high-quality dataset of more than 2,000 time-lapse videos with detailed captions.

Currently, the open-source U-Net version of MagicTime generates two-second, 512 -by- 512-pixel clips (at 8 frames per second), and an accompanying diffusion-transformer architecture extends this to ten-second clips. The model can be used to simulate not only biological metamorphosis but also buildings undergoing construction or bread baking in the oven.

But while the videos generated are visually interesting and the demo can be fun to play with, the researchers view this as an important step toward more sophisticated models that could provide important tools for scientists.

"Our hope is that someday, for example, biologists could use generative video to speed up preliminary exploration of ideas," says Huang. "While physical experiments remain indispensable for final verification, accurate simulations can shorten iteration cycles and reduce the number of live trials needed."
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Making virtual reality more accessible | ScienceDaily
A team of researchers from the University of Waterloo have created a method that makes virtual reality (VR) more accessible to people with mobility limitations.


						
VR games like Beat Saber and Space Pirate Trainer usually require large and dramatic movements, such as raising one's arms above the head or quickly side-stepping, which can be difficult or impossible for people who use wheelchairs or have limited mobility. To decrease these barriers, the researchers created MotionBlocks, a tool that lets users customize the game's controls to fit the movements they can do.

"VR games are a lot of fun, and they're important social spaces, especially for younger generations," said Johann Wentzel, a recent PhD graduate in Computer Science and the lead author of the research.

"However, VR technology relies on a lot of large movements, which creates a barrier for people who can't complete them. As soon as you have an application that isn't accessible to everyone, you're functionally excluding people with disabilities from these social spaces."

The team's research took place over three phases. First, they invited 10 people with limited mobility to play games, share their frustrations and discuss possible solutions. The Waterloo team then used those testimonials to create MotionBlocks, which modifies how VR game platforms understand controller inputs.

"It's a bit like how traditional video games allow you to remap your controls, but our method is much more customizable and works in 3D space," said Dr. Daniel Vogel, professor at the David R. Cheriton School of Computer Science at Waterloo.

"You pick a simple shape and tune it so it captures the kind of movements you can make, like a small circular range of motion on a desk. Then, you configure the kind of 3D movement needed in the VR application, like big hemispherical arm swings for BeatSaber. MotionBlocks figures out how to translate your movements to the ones prescribed by the game."

Finally, the researchers tested MotionBlocks in collaboration with eight of the study's participants. The feedback was overwhelmingly positive, with users reporting greater enjoyment, less fatigue, and a feeling that something was finally designed for people with disabilities.

The researchers have no current plans to sell or release MotionBlocks. Instead, they hope it will serve as a proof-of-concept for the VR industry. "I'd like to see a motion accessibility feature like this integrated into every VR system on the market," Wentzel said. "Everyone deserves to be able to access VR in a way that works for their needs."

The research, "MotionBlocks: Modular Geometric Motion Remapping for More Accessible Upper Body Movement in Virtual Reality," was presented at the CHI Conference on Human Factors in Computing Systems, held in Japan from April 26 to May 1, 2025.
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        Satellites observe glacier committing 'ice piracy'
        A glacier in Antarctica is committing 'ice piracy' -- stealing ice from a neighbor -- in a phenomenon that has never been observed in such a short time frame, say scientists.

      

      
        Waxing and waning prairie: New study unravels causes of ancient climate changes
        A long period of drought in North America has been recognized by scientists for decades. A new study links the severe climate to a change in Earth's orbit.

      

      
        Robotic dog mimics mammals for superior mobility on land and in water
        A team of researchers has unveiled a cutting-edge Amphibious Robotic Dog capable of roving across both land and water with remarkable efficiency.

      

      
        All of the biggest U.S. cities are sinking
        A new study of the 28 most populous U.S. cities finds that all are sinking to one degree or another. The cities include not just those on the coasts, where relative sea level is a concern, but many in the interior. Furthermore, using newly granular data, the study finds that some cities are sinking at different rates in different spots, or sinking in some places and rising in others, potentially introducing stresses that could affect buildings and other infrastructure.

      

      
        AI-designed DNA controls genes in healthy mammalian cells for first time
        A recent study marks the first reported instance of generative AI designing synthetic molecules that can successfully control gene expression in healthy mammalian cells. As a proof-of-concept, the authors of the study asked the AI to design synthetic fragments which activate a gene coding for a fluorescent protein in some cells while leaving gene expression patterns unaltered. They created the fragments from scratch and dropped them into mouse blood cells, where the sequence fused with the genome...

      

      
        Biologists create a one-stop shop for world's most charismatic plants, ferns
        Biologists have create a web portal for the world's most charismatic plants, ferns.

      

      
        Warming climate making fine particulate matter from wildfires more deadly and expensive
        Scientists say human-caused climate change led to 15,000 additional early deaths from wildfire air pollution in the continental United States during the 15-year period ending in 2020.

      

      
        Feat of 'dung-gineering' turns cow manure into one of world's most used materials
        A new technique to extract tiny cellulose strands from cow dung and turn them into manufacturing-grade cellulose, currently used to make everything from surgical masks to food packaging, has been developed.

      

      
        Viruses under the super microscope: How influenza viruses communicate with cells
        Influenza viruses are among the most likely triggers of future pandemics. A research team has developed a method that can be used to study the interaction of viruses with host cells in unprecedented detail. With the help of their new development, they have also analyzed how novel influenza viruses use alternative receptors to enter target cells.

      

      
        The world's wealthiest 10% caused two thirds of global warming since 1990
        Wealthy individuals have a higher carbon footprint. A new study quantifies the climate outcomes of these inequalities. It finds that the world's wealthiest 10% are responsible for two thirds of observed global warming since 1990 and the resulting increases in climate extremes such as heatwaves and droughts.

      

      
        New study tracks air pollution and CO2 emissions across thousands of cities worldwide
        In a sweeping new study of more than 13,000 urban areas worldwide, researchers have mapped air pollution levels and carbon dioxide emissions, providing comprehensive global analysis of urban environmental quality.

      

      
        A 'roadmap' of the fruit fly brain
        Researchers have gained comprehensive insights into the entire nervous system of the fruit fly (Drosophila melanogaster). The study describes in detail the neurons that span the entire nervous system of the adult fruit fly. The researchers also compared the complete set of neural connections (the connectome) in a female and a male specimen -- and identified differences.

      

      
        The atmospheric memory that feeds billions of people: Newly discovered mechanism for monsoon rainfall
        Across the globe, monsoon rainfall switches on in spring and off in autumn. Until now, this seasonal pattern was primarily understood as an immediate response to changes in solar radiation. A new study shows that the atmosphere can store moisture over extended periods, creating a physical memory effect. It allows monsoon systems to flip between two stable states. Disrupting this delicate balance, would have severe consequences for billions of people in India, Indonesia, Brazil and China.

      

      
        Is virtual-only couture the new clothing craze?
        As fast fashion continues to fill wardrobes and landfills at a staggering pace, new research suggests that the future of fashion might lie not in fabric, but in pixels.

      

      
        Klotho: A protein that promotes healthy aging and improves longevity
        An international study has shown that increasing levels of the Klotho protein in mice extends lifespan and improves both physical and cognitive health when aging.

      

      
        Pioneering research reveals tree-mendous potential of inexpensive drones to help community forests flourish and unlock restoration funding
        New research has shown how small, inexpensive drones combined with free, open source software can be used by community forest organizations to calculate and monitor the amount of carbon stored in their forests.

      

      
        Specialized face mask can detect kidney disease with just your breath
        Surgical face masks help prevent the spread of airborne pathogens and therefore were ubiquitous during the COVID-19 pandemic. Now, a modified mask could also protect a wearer by detecting health conditions, including chronic kidney disease. Researchers incorporated a specialized breath sensor within the fabric of a face mask to detect metabolites associated with the disease. In initial tests, the sensor correctly identified people with the condition most of the time.

      

      
        Fewer parasites in the Indian River lagoon signal big ecosystem problems
        Parasites are crucial indicators of ecosystem health, and their absence can signal trouble. Once pristine, Florida's Indian River Lagoon (IRL) now faces pollution and algal blooms that have damaged essential habitats like seagrass beds. New research finds parasite levels in the IRL are significantly lower than in comparable ecosystems worldwide -- 11% lower overall and 17% lower for larval parasites requiring multiple hosts. This sharp decline suggests a disrupted food web likely caused by pollut...

      

      
        New roadmap advances catalytic solutions to destroy 'forever chemicals'
        Researchers have outlined a bold new roadmap for harnessing heterogeneous catalysis to destroy per- and polyfluoroalkyl substances (PFAS), the so-called 'forever chemicals' that have contaminated water supplies worldwide.

      

      
        Junk food for thought: Landmark study directly links ultra-processed foods to poor health
        A landmark study exploring consumption of chips, frozen pizzas, breakfast cereals and other ultra-processed foods typically loaded with fat, sugar and additives has confirmed these foods are directly and significantly linked to poor health outcomes.

      

      
        Smart spongy device captures water from thin air
        Engineers have invented a sponge-like device that captures water from thin air and then releases it in a cup using the sun's energy, even in low humidity where other technologies such as fog harvesting and radiative cooling have struggled. The water-from-air device remained effective across a broad range of humidity levels (30 -- 90%) and temperatures (5 -- 55 degrees Celsius).

      

      
        Triassic fossil reveals nature's best jaw for hunting fast fish
        Newly discovered species of extinct fish shows striking similarities to unrelated modern-day predators, suggesting certain traits have emerged multiple times and remained consistent over hundreds of millions of years.

      

      
        Birds form bonds that look a lot like friendship
        A study of starlings in Africa shows that they form long-term social bonds similar to human friendships.

      

      
        Comb jellies reveal ancient origins of animal genome regulation
        Life depends on genes being switched on and off at exactly the right time. Even the simplest living organisms do this, but usually over short distances across the DNA sequence, with the on/off switch typically right next to a gene. This basic form of genomic regulation is probably as old as life on Earth. A new study finds that the ability to control genes from far away, over many tens of thousands of DNA letters, evolved between 650 and 700 million years ago. It probably appeared at the very daw...

      

      
        Climate change: Future of today's young people
        Climate scientists reveal that millions of today's young people will live through unprecedented lifetime exposure to heatwaves, crop failures, river floods, droughts, wildfires and tropical storms under current climate policies. If global temperatures rise by 3.5 C by 2100, 92% of children born in 2020 will experience unprecedented heatwave exposure over their lifetime, affecting 111 million children. Meeting the Paris Agreement's 1.5 C target could protect 49 million children from this risk. This is only for one birth year;...

      

      
        A culturally adapted obesity prevention for Latino families
        A research team has adapted an intervention for childhood obesity prevention to better serve Latina mothers, non-maternal caregivers, and families of low-income backgrounds in Inland Southern California. The study could make significant contributions to public health by ensuring that early childhood obesity prevention strategies begin in infancy with infant feeding and are culturally and linguistically relevant for immigrant communities.

      

      
        Researchers restore antibiotic effect in the event of resistance
        Bacterial resistance negates the effect of antibiotics in the treatment of infection. Using mouse models, researchers now show that if antibiotics are administered with an enzyme called endolysin, the combined effect protects against infection by resistant bacteria in all bodily organs -- including the brain, which antibiotics alone have difficulty reaching.

      

      
        Cracking the code: Deciphering how concrete can heal itself
        Lichen is an understated presence in our everyday world, often found clinging to trees and rocks. Its true beauty lies in its unique symbiotic system of fungi and algae, or cyanobacteria, that form a self-sustaining partnership, allowing it to thrive in even the harshest conditions. With that inspiration, researchers created a synthetic lichen system that collaborates like natural lichens. Their system uses cyanobacteria, which turns air and sunlight into food, and filamentous fungi, which produc...

      

      
        A healthy diet in childhood is linked to starting menstrual periods later, regardless of BMI or height
        Eating a healthy diet as a child is linked to girls having their first menstrual period at an older age than those who consumed a less healthy diet, according to a new study. The findings remained unaltered by the girls' body mass index or height, both of which have been associated with the earlier onset of periods. The study has implications for health in later life as it is well known that women who started their periods at an early age may be at higher risk for diabetes, obesity, breast cancer...

      

      
        More social parrots have a better vocabulary
        For social animals, communication is a key that unlocks the benefits of group living. It's well known that animals with more complex social lives tend to have more intricate ways of communicating, from the clicks and whistles of dolphins to the calls of primates. While this pattern is found broadly in many species, a new study on wild parrots drills deep into the social and vocal lives of individual birds. Researchers analyzing the social networks of monk parakeets in Spain have uncovered how an ...

      

      
        T. rex's direct ancestor crossed from Asia to North America
        Tyrannosaurus rex evolved in North America, but its direct ancestor came from Asia, crossing a land bridge connecting the continents more than 70 million years ago, according to a new study.

      

      
        Replanted rainforests may benefit from termite transplants
        Termites -- infamous for their ability to destroy wood -- are rarely welcomed into rainforests that have been painstakingly replanted. But a new paper suggests that termite transplants may be necessary to help regenerating forests to thrive. Scientists found that termites are not thriving in replanted rainforests in Australia. Because decomposers like termites are essential for recycling nutrients and carbon, the researchers worry that the insect's slow recovery could hinder the growth and health...

      

      
        Discovery: a better, more targeted termite terminator
        Researchers have identified a chemical that kills about 95 percent of a western drywood termite colony without off-target effects on mammals.

      

      
        AI has untapped potential to advance biodiversity conservation
        A new study suggests the use of artificial intelligence (AI) to rapidly analyze vast amounts of biodiversity data could revolutionize conservation efforts by enabling scientists and policymakers to make better-informed decisions.

      

      
        Study of velvet worm slime could revolutionize sustainable material design
        A new discovery about the slime ejected by velvet worms could revolutionize sustainable material design. The findings outline how a naturally occurring protein structure, conserved across species from Australia, Singapore and Barbados over nearly 400 million years of evolution, enables the slime's transformation from liquid to fiber and back again. It's a discovery that could inspire next-generation recyclable bioplastics.

      

      
        New drone-assisted 3D model offers a more accurate way to date dinosaur fossils
        A new study is reshaping how scientists date dinosaur fossils in Alberta's Dinosaur Provincial Park (DPP). Using advanced drone-assisted 3D mapping, researchers have uncovered significant variations in a key geological marker, challenging long-standing methods of determining the ages of dinosaur fossils.

      

      
        Two new crocodile species discovered
        Biologists have discovered two previously unknown species of crocodiles, one living on the island of Cozumel and the other on the atoll of Banco Chinchorro, both off the Yucat n Peninsula. The findings challenge long-held assumptions about the American crocodile (Crocodylus acutus) and highlight the urgent need for conservation efforts, the researchers say.

      

      
        Practical new tool created for detecting nanoplastics and microplastics in the environment
        A team of researchers has developed a cost-effective, high-throughput technology for detecting nanoplastics and microplastics in the environment. These particles are pervasive, posing health and environmental risks, yet detecting them at the nanoscale has been difficult. The 3D-printed HoLDI-MS test platform overcomes the limitations of traditional mass spectrometry by enabling direct analysis of samples without requiring complex sample preparation. The researchers say it also will work for detec...

      

      
        Okra, fenugreek extracts remove most microplastics from water
        The substances behind the slimy strings from okra and the gel from fenugreek seeds could trap microplastics better than a commonly used synthetic polymer. Previously, researchers proposed using these sticky natural polymers to clean up water. Now, they report that okra and/or fenugreek extracts attracted and removed up to 90% of microplastics in ocean water, freshwater and groundwater.

      

      
        Heat and drought are quietly hurting crop yields
        A new study reveals how climate change has altered growing conditions for the world's five major crops over the past half century and is reshaping agriculture. The impacts corroborate climate models used to predict impacts, with a couple of important exceptions according to the researchers.

      

      
        2024 sea level 'report cards' map futures of US coastal communities
        Researchers have released their 2024 U.S. sea level 'report cards,' providing updated analyses of sea level trends and projections for 36 coastal communities. Encompassing 55 years of historical data in a new, interactive dashboard, the report cards aid planning and adaptation efforts by forecasting rates of sea level rise to 2050.

      

      
        Development, agriculture present risks for drinking water quality
        Converting forest land to urban development or agricultural use can present risks to water quality when done near streams or river sources. This study examined data from 15 water treatment plants in the Middle Chattahoochee watershed to model the impacts of four potential land use scenarios several decades into the future.

      

      
        Slickrock: Geologists explore why Utah's Wasatch Fault is vulnerable to earthquakes
        Using rock samples collected from the Wasatch Fault, geoscientists combined experiments and analysis with examinations of fault rock textures. The team's research revealed significant clues about the Wasatch Fault's earthquake risk. Researchers explain why properties of fault rocks and geologic events that occurred more than a billion years ago portend worrisome seismic activity for Utah's population center.

      

      
        Breakthrough in fuel cell recycling turns 'forever chemicals' into renewable resources
        A new technique that uses soundwaves to separate materials for recycling could help prevent potentially harmful chemicals leaching into the environment.

      

      
        Breakthrough discovery uses gut bacteria and AI to diagnose a chronic pain syndrome
        Researchers have developed AI technology that can detect patterns in gut bacteria to identify complex regional pain syndrome (CRPS) with remarkable accuracy, potentially transforming how CRPS is diagnosed and treated.

      

      
        Do manta rays benefit from collective motion?
        Researchers model the motions of groups of manta rays to study how group dynamics affect their propulsion, studying different formations of three manta rays: in tandem, in a triangular setup with one manta ray in front leading two behind, and in an inverse triangular configuration with one manta ray trailing the other two. They found the tandem formation only significantly increases propulsion for the middle manta ray, and the two triangular setups result in overall decreased efficiency compared ...

      

      
        Food as medicine: How diet shapes gut microbiome health
        Researchers show how mice fed a Western-style diet are not able to rebuild a 'healthy,' diverse gut microbiome following antibiotic treatment. These mice were also more susceptible to infection by pathogens like Salmonella. However, mice given food loosely mimicking a Mediterranean diet -- high in plant-based fiber from fruits, vegetables, and whole grains -- were able to quickly restore a healthy and resilient gut microbiome after antibiotics.

      

      
        Scientists discover a new way to convert corn waste into low-cost sugar for biofuel
        Scientists have found a new way to produce sugar from corn stalks and other crop waste, potentially opening a new pathway to sustainable biofuels.

      

      
        Sustainability often used as a buzzword in agricultural genomics
        Claims about sustainability are increasing in agricultural genomics research, but the term is often not well-defined, leading to potential concerns about the impact and credibility of the research, according to a recent study.

      

      
        How hunting harriers home in on their prey
        Owls, well adapted to hearing the exact location of prey, have something in common with an unrelated group of raptors -- harriers. A new study has found that harriers across the world are able to keep a much better ear out for their next meal than previously thought.

      

      
        
          	
            Technology News
          
          	
            Sections
          
          	
            Society News
          
        

      

    

  
	
	Articles
	Sections
	Next



Satellites observe glacier committing 'ice piracy' | ScienceDaily
A glacier in Antarctica is committing "ice piracy" -- stealing ice from a neighbour -- in a phenomenon that has never been observed in such a short time frame, say scientists. 


						
This activity was previously believed to take place over hundreds or even thousands of years. 

However, high-resolution satellite observations reveal one huge glacier has been relentlessly pinching ice from its slower-moving neighbour over a period of less than 18 years.

University of Leeds researchers say it is unprecedented that this change in ice flow direction can be directly witnessed in Antarctica over such a short time span and its discovery is an important step in improving our understanding of the future of Antarctica and its contribution to sea level rise.  

Their findings are published today (8 May) in the journal The Cryosphere.

A study, led by Leeds, shows the speeding up of seven ice streams in West Antarctica, with one almost doubling in speed (87%) at the boundary where the ice meets the ocean between 2005 and 2022, and three speeding up by between 60% and 84% during that time. Six of the streams reached average speeds of over 700 metres per year in 2022 -- equivalent to advancing the length of seven football pitches in one year, a remarkably fast pace for ice.

The team used satellite data to measure the change in ice speed in the Pope, Smith and Kohler (PSK) region in West Antarctica.   

They found the ice streams had sped up by 51% on average since 2005, at the grounding line -- the point at which glaciers and ice shelves start to float. Grounding lines provide evidence of ice-sheet instability, because changes in their position reflect imbalance with the surrounding ocean and affect the flow of inland ice. 




However, the research team found that one piece of data was particularly striking. 

In stark contrast to the widespread acceleration observed between 2005 and 2022 on all other glaciers in the region, the ice stream on Kohler West slowed by 10%. The fastest rate of speed change was observed on its neighbour, Kohler East, as well as Smith West Glacier, which were flowing around 560 m/yr faster in 2022 compared to 2005. 

Nowadays, several glaciers around Antarctica are responding to climate change by flowing faster into the ocean. When the flow of a glacier speeds up, its ice becomes more stretched and thins at the same time, yet the Kohler West ice stream has slowed down.

Lead author Dr Heather Selley, who undertook this work as a PhD researcher in the School of Earth and Environment at the University of Leeds, said: "We think that the observed slowdown on Kohler West Glacier is due to the redirection of ice flow towards its neighbour -- Kohler East. This is due to the large change in Kohler West's surface slope, likely caused by the vastly different thinning rates on its neighbouring glaciers.  

"Because Kohler East's ice stream is flowing and thinning faster as it travels, it absorbs, or "steals" ice from Kohler West. 

"This is effectively an act of 'ice piracy', where ice flow is redirected from one glacier to another, and the accelerating glacier is essentially 'thieving' ice from its slowing neighbour." 

She added: "We didn't know ice streams could 'steal' ice from each over such a short period, so this is a fascinating discovery. 




"It's unprecedented as we're seeing this from satellite data and it's happening at a rate of under 18 years, whereas we've always thought it was this extremely long, slow process." 

International collaboration

The team calculated the ice velocity using a tracking technique which measures the displacement of visible features at or near the ice surface, such as crevasses or rifts.  Data on ice-thinning rates from the European Space Agency's (ESA) CryoSat mission was also used in the study.

Leeds collaborated on the study with researchers from the British Antarctic Survey (BAS) and the UK Centre for Polar Observation and Modelling (CPOM) -- which is led from Northumbria University -- using data provided by satellites belonging to ESA, Japan Aerospace Exploration Agency, Canadian Space Agency and NASA.  

Pierre Dutrieux, study co-author and climate researcher at BAS, said: "This study provides an interesting demonstration of ice piracy, where flow into one glacier gradually switches to flow into another glacier, as the ocean melts the grounding zone and re-configures ice flow." 

The team set out to establish mechanisms and impact of changes in conditions that impact how fast the ice flows, such as warming of the ocean, change in ocean circulation, change in air temperature and the amount of snow falling. 

They found that redirection of ice flow and 'piracy' at previously unobserved rates has changed the amount of ice flowing into the floating shelves that are fed by these streams. 

Crosson Ice Shelf, around 40 miles wide -- roughly the distance from Leeds to Manchester -- and Dotson Ice Shelf, around 30 miles wide -- roughly the distance from Leeds to York -- are two of the most rapidly changing outlets in West Antarctica, displaying both significant thinning and grounding-line retreat in recent decades.  

Future effects

Professor Anna Hogg, study co-author and Professor of Earth Observation in the School of Earth and Environment at the University of Leeds, said: "The changes in flow direction have substantially altered the ice mass flux into Dotson and Crosson Ice Shelves, likely playing an important role in maintaining Dotson and accelerating the deterioration of Crosson.  

"This suggests that ice flow redirection is an important new process in contemporary ice sheet dynamics, which is required to understand present-day structural change in glaciers and the future evolution of these systems."  

Over 410 million people could be at risk from rising sea levels by 2100 as a result of the climate crisis. Observed sea level rise data shows that global sea levels have already risen by more than 10 cm over the last decade.  

Dr Martin Wearing, ESA Digital Twin Earth Scientist and Polar Science Cluster Coordinator, said: "This new study highlights the unique ability of satellites to provide both the temporal and spatial coverage required to assess change in the polar regions.

"Using data from Copernicus Sentinel-1 and ESA's Earth Explorer CryoSat, the team has revealed the complex evolution of ice flow in part of West Antarctica over the past few decades. Understanding these changing dynamics and what drives them is crucial for improved projections of future ice-sheet change and contributions to sea-level rise."

The research was funded by UKRI Natural Environment Research Council (NERC), ESA and NASA Headquarters. 
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Waxing and waning prairie: New study unravels causes of ancient climate changes | ScienceDaily
A long period of drought in North America has been recognized by scientists for decades. A new study links the severe climate to a change in Earth's orbit.


						
A new study from the University of Helsinki has provided a compelling new explanation for the devastating droughts which have taken place in North America thousands of years ago.This period, known as the Holocene, covers the time of generally warm climate following the last ice age. These exceptionally long-lasting droughts had drastic impacts on forest dieback and ecosystem transformations; understanding their causes is essential to improving societal resilience to future climate variations.

The reasons for these long droughts, however, have remained obscure. In the new study published in Nature Communications, University of Helsinki researchers, joined by co-authors from U.S., German and Swedish research institutions, analyse the development and causes of the drought in eastern North America, in a broad region spanning from the Rocky Mountains to the Atlantic Ocean.

"Evidence from the last 11,000 years highlights that North American water supplies have changed dramatically in the past, at times extending drought as severe as the 1930s Dust Bowl drought for centuries to millennia. Understanding the causes and consequences of these droughts can help improve our ability to anticipate future change," explains Bryan Shuman, co-author of the study from University of Wyoming.

In the new study, the researchers used datasets of fossil pollen grains, which have been recovered from numerous locations in North America over the past several decades. Using a computer algorithm based on machine learning, the researchers were able to reconstruct the variation of moisture levels over the Holocene based on the fossil pollen.

The study was led by J. Sakari Salonen, an Academy of Finland research fellow at the Department of Geosciences and Geography, at University of Helsinki. According to Salonen, the study confirms that the moisture conditions were continuously below modern levels for thousands of years.

Salonen notes, however, that different parts of North America experienced different drought histories. "The dry conditions first kick in in the northeastern U.S. and the nearby regions of Canada, which is today one of the wetter regions of North America. Here, we see peak drought already at 11,000 years ago," says Salonen.




The drought, then, shifts west. Salonen explains: "In the mid-continent, where we have modern prairie region, we see most severe drought at about 7,000 years ago, so thousands of years later than at the Atlantic coast. By this time, the Atlantic coast was already getting wetter, and it's like the entire climate anomaly causing the thousands-of-years long drought started migrating westward."

"Particularly in the eastern US, there's often a perception today that water is always available. However, studies of the past show that these long droughts can trigger major shifts in fire regime and tree die-offs, even in the east. So it's critical to understand the spatial patterns of these droughts and their causes," says Jack Williams from University Wisconsin-Madison, who also contributed to the study.

The researchers compared their Holocene climate reconstructions to numerical climate simulations which they ran for the same time periods. These supercomputer experiments allowed the scientists to explore what could have caused the long droughts.

Frederik Schenk, atmospheric physicist at Stockholm University and visiting scientist at University of Helsinki, tells that the new generation of climate models, performed at 2-4 times greater resolution than before, proved decisive in unravelling the causes of the drought.

The causes revealed by the climate simulations, tells Schenk, are two-fold. "The simulations show that in the early Holocene, the high-pressure system at the ice sheet, remaining in the northern part of the continent, steered moisture transport, which explains the geographic shift in dry conditions," says Schenk. After the ice sheet melted, drought set in across the entire region, as summers got increasingly warm and dry.

The Holocene drought has interesting parallels with the future climate that is expected to take hold in North America over the next decades, as anthropogenic climate change progresses. By the end of this century, most of North America is projected to become increasingly dry, despite gradually increasing precipitation. This is because the increase in evaporation, due to the warming climate, is predicted to dry out surface soils even as rainfall increases.




The researchers note that this is exactly what they see in their simulations of the Holocene drought. "Overall, a warmer climate will be wetter. But this doesn't apply to all regions. As seen in our results, there are clear regional limits of how much rain can be delivered to balance the warming-driven evaporation. For the strong summer warming in the past, it just didn't add up, giving way to millennia-long droughts," explains Schenk.

However, the underlying causes of the past and future drought are different. In the early Holocene, drying was caused by a slow change in Earth's orbit, which caused summers to get warmer, finally pushing much of North America into drought. Now, the ongoing warming and the predicted drier conditions are due to the rapid increase in greenhouse gases in the atmosphere.

"If the climate projections for this century hold true, we're looking at a speed-run repeat of what happened, for natural causes, ten thousand years ago," says Salonen.

Changes in Earth's orbit drive long-term climate change

Long-term natural climate change is greatly affected by gradual changes in Earth's orbit. These changes, which impact for example the tilt of Earth's rotational axis and the shape of Earth's elliptical orbit around the Sun, are known as Milankovic cycles and have periodicities ranging from about 26,000 to 100,000 years.

During the Quaternary period (past 2.6 million years), the Milankovic cycles have caused repeated ice ages and intervening warm periods, known as interglacials. The peak of the last ice age, approximately 20,000 years ago, occurred when the northern hemisphere received comparatively little sunlight due to the geometry of the Earth's orbit, allowing large ice sheets to accumulate in the northern parts of North America and Europe.

By 10,000 years ago, a reversal in the orbit had melted much of the northern ice sheets, giving way to the Holocene, the current interglacial. During the period of greatest warmth around 10,000 to 4,000 years ago, known as the Holocene thermal maximum, many parts of the Earth were significantly warmer than during the preindustrial era. The new results of University of Helsinki researchers and their co-authors suggest that this warmth was also a key driver of the multi-millennial droughts in North America.

During the past millennia, Earth has been gradually cooling following the Holocene thermal maximum. This long-term climate trend has, however, been interrupted by the abrupt warming caused by the anthropogenic increase in greenhouse gases in the atmosphere. Following the warming in the past century, it is estimated that Earth is currently warmer than it has been in at least 100,000 years, as climatic variability has been forced out of its long-term natural cycle.

Funding

The study was funded by the Research Council of Finland, the Swedish Research Council for Sustainable Development (FORMAS), the Swedish Research Council (Vetenskapsradet), and the U.S. National Science Foundation.
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Robotic dog mimics mammals for superior mobility on land and in water | ScienceDaily
A team of researchers has unveiled a cutting-edge Amphibious Robotic Dog capable of roving across both land and water with remarkable efficiency. The study, published in IOP Publishing's Bioinspiration and Biometrics, was inspired by mammals' ability to move through water as well as on land.


						
Existing amphibious robots are largely inspired by reptiles or insects, and often face limitations in agility, dynamics, and load capacity. Basing the amphibious robot on the swimming style of dogs allows for it to easily transition between land and water and overcome many of the challenges faced by insect-inspired designs.

The amphibious robot paves the way for future applications in environmental research, military vehicles, rescue missions, and beyond.

To enhance its water mobility, the amphibious robotic dog features a unique paddling mechanism, modelled after the swimming motion of dogs. Careful engineering of its structure, including precise weight and buoyancy balance, ensures stable and effective aquatic performance.

The team developed and tested three distinct paddling gaits:
    	Two doggy paddle-inspired approaches optimised for speed and propulsion
    	A trot-like paddling style, designed for enhanced stability in water

Through extensive experimentation, the doggy paddle method proved superior for speed, achieving a maximum water speed of 0.576 kilometres per hour (kph), while the trot-like style prioritised stability. On land, the amphibious robotic dog reaches speeds of 1.26 kph, offering versatile mobility in amphibious environments.

"This innovation marks a big step forward in designing nature-inspired robots," says Yunquan Li, corresponding author of the study.

"Our robot dog's ability to efficiently move through water and on land is due to its bioinspired trajectory planning, which mimics the natural paddling gait of real dogs. The double-joint leg structure and three different paddling gaits address previous limitations such as slow swimming speeds and unrealistic gait planning, making the robotic dog much more effective in water."
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All of the biggest U.S. cities are sinking | ScienceDaily
A new study of the 28 most populous U.S. cities finds that all are sinking to one degree or another. The cities include not just those on the coasts, where relative sea level is a concern, but many in the interior. Furthermore, using newly granular data, the study finds that some cities are sinking at different rates in different spots, or sinking in some places and rising in others, potentially introducing stresses that could affect buildings and other infrastructure. Massive ongoing groundwater extraction is the most common cause of these land movements, say the authors, though other forces are at work in some places.


						
The study was published this week in the journal Nature Cities.

"As cities continue to grow, we will see more cities expand into subsiding regions," said lead author Leonard Ohenhen, a postdoctoral researcher at the Columbia Climate School's Lamont-Doherty Earth Observatory. "Over time, this subsidence can produce stresses on infrastructure that will go past their safety limit."

Rapidly subsiding coastal metropolises such as Jakarta, Venice and New Orleans have already drawn major attention, and multiple recent studies have shown that many places along the U.S. East Coast and elsewhere are subsiding. But most studies have relied on relatively sparse data spread over wide areas to paint a broad picture.

Looking at all U.S. cities with populations exceeding 600,000, the new study uses recent satellite data to map out vertical land movements down to the millimeter in grids measuring just 28 meters (about 90 feet) square. The authors found that in 25 of the 28 cities, two-thirds or more of their area is sinking. Overall, about 34 million people live in affected areas.

The fastest-sinking city is Houston, with more than 40% of its area subsiding more than 5 millimeters (about 1/5 inch) per year, and 12% sinking at twice that rate. Some localized spots are going down as much as 5 centimeters (2 inches) per year. Two other Texas cities, Fort Worth and Dallas, are not far behind. Some localized fast-sinking zones in other places include areas around New York's LaGuardia Airport, and parts of Las Vegas, Washington, D.C. and San Francisco.

In addition to measuring surface-elevation changes, the researchers analyzed county-level groundwater withdrawals for the affected areas. Correlating this with land movements, they determined that groundwater removal for human use was the cause for 80% of overall sinkage. Generally, this happens as water is withdrawn from aquifers made up of fine-grained sediments; unless the aquifer is replenished, the pore spaces formerly occupied by water can eventually collapse, leading to compaction below, and sinkage at the surface. In Texas, the problem is exacerbated by pumping of oil and gas, the paper says.




The researchers say that continued population growth and water usage combined with climate-induced droughts in some areas will likely worsen subsidence in the future.

In some areas, natural forces are at work. In particular, the weight of the towering ice sheet that occupied much of interior North America until about 20,000 years ago made the land along its edges bulge upward, somewhat like when one squeezes air from one part of a balloon to another. Even today, with the ice long gone, some of these bulges are still subsiding at rates of 1 to 3 millimeters each year. Affected cities include New York, Indianapolis, Nashville, Philadelphia, Denver, Chicago and Portland.

Even the sheer weight of buildings may be taking a toll. One 2023 study found that New York's more than 1 million buildings are pressing down on the Earth so hard that they may be contributing to the city's ongoing subsidence. A more recent separate study found that some buildings in the Miami area are sinking in part due to disruptions in the subsurface caused by construction of newer buildings nearby.

The new study found that eight cities (New York, Chicago, Los Angeles, Phoenix, Houston, Philadelphia, San Antonio and Dallas) account for more than 60% of the people living on sinking land. Notably, these eight cities have seen more than 90 significant floods since 2000, probably driven in part by lowering topography.

Another key finding: some cities are seeing differential motion, with adjoining localities sinking at different rates, or even sinking while other areas rise; the upward motion possibly caused by quick recharge of aquifers near rivers or other water sources. (Uplift in certain areas is actually more than compensating for overall sinkage in three cities: Jacksonville, Fla.; Memphis, Tenn. and San Jose, Calif.)

Differential motion is a problem because, as the authors point out, if a whole urban area is moving up or down evenly at the same rate, that minimizes the danger of stresses to building foundations and other infrastructure. But if structures are subjected to an array of uneven vertical movements, they can experience dangerous tilting.




"Unlike flood-related subsidence hazards, where risks manifest only when high rates of subsidence lower the land elevation below a critical threshold, subsidence-induced infrastructure damage can occur even with minor changes in land motion," the authors write.

The study found that only about 1% of the total land area in the 28 cities lies within zones where differential motion could affect buildings, roads, rail lines and other structures. However, these areas tend to be in the densest urban cores, and currently contain some 29,000 buildings. The most hazardous cities in this regard are San Antonio, where the researchers say 1 in 45 buildings are subject to high risk; Austin (1 in 71); Fort Worth (1 in 143) and Memphis (1 in 167).

The upshot for individual structures in these areas is unclear; it probably would require an even finer-grained study, said Ohenhen. An earlier study of 225 U.S. building collapses between 1989 and 2000 found that only 2% were directly attributable to subsidence. However, the factors behind 30% were designated unknown, suggesting that subsidence could have played a larger role, says the new study.

The paper concludes that cities should use this new information to focus on solutions. They say that in many places, flooding can be mitigated with land raising, enhanced drainage systems and green infrastructure such as artificial wetlands to absorb floodwaters. Cities susceptible to tilting hazards can focus on retrofitting existing structures, integrating land motions into building codes, and limiting new building in the areas of most threat.

"As opposed to just saying it's a problem, we can respond, address, mitigate, adapt," said Ohenhen. "We have to move to solutions."

The study was coauthored by researchers from Virginia Tech, the Netherlands Organisation for Applied Scientific Research, University of California Berkeley, Texas A&M University, University of Colorado Boulder, Brown University and United Nations University.
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AI-designed DNA controls genes in healthy mammalian cells for first time | ScienceDaily

The model then predicts which combination of DNA letters (A, T, C, G) are needed for the gene expression patterns required in specific types of cells. Researchers can then chemically synthesise the roughly 250-letter DNA fragments and add them to a virus for delivery into cells.

As a proof-of-concept, the authors of the study asked the AI to design synthetic fragments which activate a gene coding for a fluorescent protein in some cells while leaving gene expression patterns unaltered. They created the fragments from scratch and dropped them into mouse blood cells, where the sequence fused with the genome at random locations. The experiments worked exactly as predicted.

"The potential applications are vast. It's like writing software but for biology, giving us new ways of giving instructions to a cell and guiding how they develop and behave with unprecedented accuracy," says Dr. Robert Fromel, first author of the study who carried out the work at the Centre for Genomic Regulation (CRG) in Barcelona.

The study could lead to new ways for gene-therapy developers to boost or dampen the activity of genes only in the cells or tissues that need adjusting. It also paves the way for new strategies to fine-tune a patient's genes and make treatments more effective and reduce side effects.

The work marks an important milestone in in the field of generative biology. To date, advances in the field have largely benefited protein design, helping scientists create entirely new enzymes and antibodies faster than ever before. However, many human diseases stem from faulty gene expression that is cell-type specific, for which there might never be a perfect protein drug candidate.

Gene expression is controlled by regulatory elements like enhancers, tiny fragments of DNA which switch genes on or off. To fix faulty gene expression, researchers can comb through genomes looking for naturally-existing enhancers that happen to suit their needs, limiting themselves to the sequences evolution has produced.




AI-generated enhancers can help engineer ultra-selective switches that nature has not yet invented. They can be designed to have exactly the on/off patterns required in specific types of cells, a level of fine-tuning which is crucial for creating therapies that avoid unintended effects in healthy cells.

However, the development of AI models requires lots of high-quality data, which has been historically lacking for enhancers. "To create a language model for biology, you have to understand the language cells speak. We set out to decipher these grammar rules for enhancers so that we can create entirely new words and sentences," explains Dr. Lars Velten, corresponding author of the study and researcher at the Centre for Genomic Regulation (CRG).

The authors of the study created huge volumes of biological data to build their AI model by carrying out thousands of experiments with lab models of blood formation. They studied both enhancers and transcription factors, proteins also involved in controlling gene expression.

Until now, scientists studying enhancers and transcription factors typically used cancer cell lines because they are easier to work with. The researchers worked with healthy cells instead because it's more representative of human biology. Their work helped uncover subtle mechanisms that shape our immune system and blood cell production.

Over five years, the team synthesised more than 64,000 synthetic enhancers, each carefully designed to test different arrangements and strengths of binding sites for 38 different transcription factors. It's the largest library of synthetic enhancers ever built in blood cells to date.

Once inserted into the cells, the team tracked exactly how active each synthetic enhancer became across seven stages of blood-cell development. They discovered that while many enhancers activate genes in one type of cell, they repress genes in another.




Most enhancers worked like a volume dial, turning gene activity up or down. Surprisingly, certain combinations acted like on/off switches. The scientists call this "negative synergy," meaning two factors that usually turn a gene on individually could effectively shut that gene down when they occur together.

The data from the experiments was crucial in setting out the design principles of the machine learning model. Once the model had enough measurements of how each synthetic enhancer changed gene activity in real cells, it could predict new designs that yield on/off outcomes, even if these enhancers had never existed in nature.

The study was designed to determine if a technology can work in practice before committing to larger-scale research. The researchers have only scratched the surface. Both humans and mice have an estimated 1,600 transcription factors regulating their genomes.

The work was carried out by Lars Velten, Robert Fromel, Julia Ruhle, Aina Bernal Martinez, Chelsea Szu-Tu and Felix Pacheco Pastor, all members of Lars Velten's research group at the Centre for Genomic Regulation. Rosa Martinez Corral from the Barcelona Collaboratorium, a joint initiative between the CRG and EMBL-Barcelona, also took part. The research was funded by an ERC Starting Grant from the European Union and a grant of the Spanish National Agency for Research.
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Biologists create a one-stop shop for world's most charismatic plants, ferns | ScienceDaily
The Florida Museum of Natural History has partnered with 35 herbarium collections across the United States to create a web portal for ferns.


						
Wait! Hear me out. You're probably thinking, "Ferns? The plants with the curly leaves that grow in shady places? Why should I care?"

I'm glad you asked. Ferns -- and a related group called lycophytes -- have been around in one form or another for more than 400 million years. This group of plants, collectively called pteridophytes, was the first to develop roots and leaves, which it did long before dinosaurs were even a gleam in evolution's eye. They were the first plants to evolve the botanical equivalent of a circulatory system, which allowed them to grow into the first trees.

Ferns, lycophytes and other early offshoots altered Earth's previously barren landscapes, breaking up bare rock with their roots and dissolving it in acid, a process that pulls carbon dioxide from the atmosphere. They did this so thoroughly that it caused an ice age, resulting in the second mass extinction of life on Earth. And that's only the first 50 million years of their evolutionary history. It only gets more interesting from there. But in the interest of time, we'll skip to the present.

Today, there are more than 10,000 species of ferns and lycophytes, making them the second-most diverse group of vascular plants (the ones with a circulatory system, which includes anything that produces seeds).

"You can't understand plant diversity without including ferns," said Michael Sundue, an integrative taxonomist at the Royal Botanic Garden Edinburgh in Scotland and co-author of a new paper announcing the fern portal and describing its various applications.

The project was funded by the National Science Foundation and had two main goals. The first was to create an online repository to store information about fern specimens stored in museums around the world. That was the easy part. Next came the daunting task of getting all that information digitized and uploaded to the portal. Many museums have plant specimens collected over hundreds of years that haven't yet made their way online, primarily because the process of digitizing specimens takes a lot of time and money. The NSF grant helped pay for some of that.




"There were hundreds of thousands of records that were digitized specifically for this project," said co-author Lucas Majure, curator for the University of Florida herbarium, which has uploaded more than 14,000 of its own specimens to the portal.

Museums are using the same digitization process for all plant and animal specimens, not just ferns. The result is an online catalogue of life, and if you're a biologist who studies diversity, this tool has become indispensable.

"The availability of digitized resources has fundamentally changed how we do science," Sundue said.

In the paper, the authors list three examples of how the online database, called the PteridoPortal, has already contributed to our understanding of the natural world. Among them is an effort to inventory the fern and lycophyte diversity of Colombia, a country that straddles the equator and is home to some of the most diverse ecosystems on Earth. Beginning in 1964 and lasting several decades, Colombia was also embroiled in civil strife that left little room for active participation in the natural sciences.

"Colombia is one of the most biodiverse countries on Earth, but it is very undersampled," said Sundue, who is one of the primary scientists working on the inventory.

Conducting a biological survey for an entire country can quickly become a logistical nightmare. Even the first step of figuring out what's already been documented can be despairingly difficult.




Before museums began digitizing specimen data, researchers had to physically travel to those institutions and locate specimens spread throughout the collections to verify they'd been correctly identified and record when and where they'd been found. If they made it to the next step, they'd conduct field expeditions to fill in any gaps by collecting new specimens. All this information would be compiled in a notebook or a spreadsheet, and eventually, after years of hard work, researchers would share what they'd learned by publishing a book.

Notably absent from these books were the many thousands of specimen records that were used to write it, as these would have taken up an obscene amount of space. If you wanted to do a follow-up study on someone's work, you either had to contact the people who wrote the book and hope they'd share their data, or you had to start from scratch.

Instead of doing that, Sundue and his colleagues used the fern portal. Before embarking on expeditions to Colombia, they searched the portal for ferns from the areas they planned to visit, which they used to create a list -- complete with images -- of what to look for. Information about the specimens they collect goes directly into the fern portal, where it's immediately available to other users. They can still publish a book if they want to, but the critical information is already online.

The NSF grant only supported digitization at 17 nonfederal institutions, but the PteridoPortal is open to everyone, and others agreed to share their data, including the Smithsonian National Museum of Natural History, the Naturalis Biodiversity Center in the Netherlands and the ETH Zurich in Switzerland. While working on the separate Colombia project, Sundue also collaborated with institutions in the area to help supplement and jump-start their own digitization programs.

We helped the botanical garden of Medellin to get all their data online, and we're going to try to do that with the University of Antioquia as well," he said.

Lucas Majure is also working with colleagues to implement the portal for collections at the Jardin Botanico Nacional in the Dominican Republic. Future collaborative efforts like these are likely to follow.

The portal has enough bells and whistles to make the average biologist lightheaded with excitement, but the real utility of the application, and others like it, is the boost it gives to biodiversity monitoring. Biologists are a long way from taking full stock of what lives on our planet, and species throughout the tree of life are disappearing before they've even been discovered.

As we continue into what's widely referred to as Earth's sixth mass extinction event (this one caused by humans, not ferns), it's imperative for scientists to deploy every tool they have to document what's left and, ideally, prevent the worst of future losses.

"If we don't continue to learn and teach people about biodiversity, no one will notice when it disappears," Sundue said.
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Warming climate making fine particulate matter from wildfires more deadly and expensive | ScienceDaily
Scientists say human-caused climate change led to 15,000 additional deaths from wildfire air pollution in the continental United States during the 15-year period ending in 2020.


						
About 35% of the additional deaths attributed to climate change occurred in 2020, the year of the historic Labor Day fires in the Pacific Northwest as well as major blazes in California, Colorado and Arizona.

The study, led by an Oregon State University researcher and published in Nature Communications Earth & Environment, is the first to quantify how many people are dying because a warming climate is causing fires to send increasing amounts of fine particulate matter into the air, especially in the West.

The scientists estimate that during the study period a total of 164,000 deaths resulted from wildfire PM2.5, particles with a diameter of 2.5 micrometers or smaller that can be inhaled deeply into the lungs and even enter the bloodstream. They determined that 15,000 of those deaths were attributable to climate change -- meaning that absent climate change, the total would have been 149,000.

The average annual death rate from wildfire PM2.5 during the study period was 5.14 per 100,000 people; by comparison, that's roughly double the annual U.S. death rate from tropical cyclones such as hurricanes

The research also found a $160 billion economic burden associated with those 15,000 extra wildfire PM2.5 deaths. Economic burden from mortality considers factors such as productivity losses, health care costs and a concept known as value of a statistical life that assigns a monetary value to reduction in mortality risk.

The study, which looked at mortality risk on a county-by-county basis, showed the economic burden was greatest in California, Oregon and Washington.




"Without efforts to address climate change, wildfires and associated fine particulate matter will continue to increase," said Bev Law, professor emerita in the OSU College of Forestry and the study's leader. "Projections of climate-driven wildfire PM2.5 across the continental U.S. point to at least a 50% increase in mortality from smoke by midcentury relative to the decade ending with 2020, with resulting annual damages of $244 billion."

Using publicly available datasets, Law and collaborators looked at how much additional area burned and how many people died from climate-change related wildfire PM2.5 during the 2006-20 study period, integrating climate projections, climate-wildfire models, wildfire smoke models, and emission and health impact modeling.

The authors note that as climate change exacerbates wildfire risk, PM2.5 emissions from fires have surged to the point that wildfires now account for almost half of all PM2.5 across the United States and have negated air quality improvements in multiple regions. They also say that absent abrupt changes in climate trajectories, land management and population trends, the impacts of climate change on human health via wildfire smoke will escalate.

"Exposure to PM2.5 is a known cause of cardiovascular disease and is linked to the onset and worsening of respiratory illness," Law said. "Ongoing trends of increasing wildfire severity track with climate projections and underscore how climate change manifestations like earlier snowmelt, intensified heat waves and drier air have already expanded forest fire extent and accelerated daily fire growth rates."

Researchers at the University of California, Merced, the U.S. Environmental Protection Agency, the Woodwell Climate Research Center and Beth Israel Deaconess Medical Center of Harvard Medical School also took part in the study.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250507141127.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Feat of 'dung-gineering' turns cow manure into one of world's most used materials | ScienceDaily
A new technique to extract tiny cellulose strands from cow dung and turn them into manufacturing-grade cellulose, currently used to make everything from surgical masks to food packaging, has been developed by researchers from UCL and Edinburgh Napier University.


						
The study, published in The Journal of Cleaner Production, describes the new 'pressurised spinning' innovation and its potential to create cellulose materials more cheaply and cleanly than some current manufacturing methods, using a waste product from the dairy farming industry, cow dung, as the raw material.

The advance is the first time that manufacturing-grade cellulose has been derived from animal waste and is a prime example of circular economy, which aims to minimise waste and pollution by reusing and repurposing resources wherever possible.

The researchers say that implementing the technology would be a win-win situation for manufacturers, dairy farmers and the environment.

Cellulose is one of the world's most commonly used manufacturing materials. Found naturally in the cell walls of plants, it was first used to create synthetic materials in the mid-19th century, including the original material used in photographic film, celluloid.

Today it can be found in everything from cling film to surgical masks, paper products, textiles, foods and pharmaceuticals. Though it can be extracted organically, it is also often produced synthetically using toxic chemicals.

Pressurised spinning (or pressurised gyration) is a manufacturing technology that uses the forces of pressure and rotation simultaneously to spin fibres, beads, ribbons, meshes and films from a liquid jet of soft matter. The multiple award-winning technology was invented in 2013 by a team from UCL Mechanical Engineering led by Professor Mohan Edirisinghe.




Professor Edirisinghe, the senior author of the study, said: "Our initial question was whether it could be possible to extract the tiny fragments of cellulose present in cow manure, which is left over from the plants the animals have eaten, and fashion it into manufacturing-grade cellulose materials.

"Extracting the fragments from dung was relatively straightforward using mild chemical reactions and homogenisation, which we then turned into a liquid solution. But when we tried to turn the fragments into fibres using pressurised spinning technology, it didn't work.

"By a process of trial and error, we figured out that using a horizontal rather than a vertical vessel containing surface nozzles and injecting the jet of liquid into still or flowing water caused cellulose fibres to form. We were then able to change the consistency of the liquid to create other forms, such as meshes, films and ribbons, each of which have different manufacturing applications.

"We're still not quite sure why the process works, but the important thing is that it does. It will also be fairly easy to scale up using existing pressurised spinning technology, the vessels for which were designed and built in the UCL Mechanical Engineering workshop."

The new technique, called horizontal nozzle-pressurised spinning, is an energy efficient process that doesn't require the high voltages of other fibre production techniques such as electrospinning.

The team say that adapting existing pressurised spinning machines to the new process should be relatively straightforward. The greater challenge is likely to be the logistics of sourcing and transporting the raw material, cow dung, but that the environmental and commercial benefits of doing so would be significant.




Ms Yanqi Dai, first author of the study from UCL Mechanical Engineering, said: "Dairy farm waste such as cow manure is a threat to the environment and humans, especially through waterway pollution, the release of greenhouse gases into the atmosphere when it decomposes, and the spread of pathogens. It is also often a burden on farmers to dispose of properly.

"Horizontal nozzle-pressurised spinning could be a huge boost to the global dairy farming industry, by putting this problematic waste product to good use and perhaps creating a new source of income."

The research team is currently seeking opportunities to work with dairy farmers to take advantage of the technology and scale it up.

Animal waste is a growing problem globally. Research in 2019 estimated that the amount of animal waste is due to increase by 40% between 2003 and 2030 to at least five billion tons, with many farms producing more manure than they can legitimately use as fertiliser. This waste often finds its way into water, where it can have a devastating effect on ecosystems and even lead to disease in humans.

Core pressurised spinning research at UCL was made possible by grants awarded by UK Research and Innovation (UKRI).
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Viruses under the super microscope: How influenza viruses communicate with cells | ScienceDaily
Influenza viruses are among the most likely triggers of future pandemics. A research team from the Helmholtz Centre for Infection Research (HZI) and the Medical Center -- University of Freiburg has developed a method that can be used to study the interaction of viruses with host cells in unprecedented detail. With the help of their new development, they have also analyzed how novel influenza viruses use alternative receptors to enter target cells. The results were recently published in two papers in the journal Nature Communications.


						
Viruses have no metabolism of their own and must therefore infect host cells in order to replicate. Contact between the virus and the cell surface is a crucial first step, which can also prevent infections if entry into the cells is blocked. "The interaction with a host cell is dynamic and transient for influenza viruses. In addition, associated processes occur at the nanoscale, requiring super-resolution microscopes for a more precise investigation. Using conventional approaches, it has therefore not been possible to investigate this important first contact in more detail," says Prof. Christian Sieben, head of the junior research group "Nano Infection Biology" at HZI, explaining the challenge the team has faced.

In collaboration with Prof. Mark Bronstrup's department "Chemical Biology" at HZI, his team has developed a universal protocol to investigate how viruses communicate with host cells. To do this, the scientists immobilized viruses individually on microscopy glass surfaces. Cells were then seeded on top. In conventional experiments, the viruses are added on top of pre-seeded cells. "The advantage of our 'upside-down' experimental setup is that the viruses interact with cells but do not enter them -- the critical moment of initial cell contact is thus stabilized and can be analyzed," says Sieben.

Using the example of a seasonal influenza A virus, the researchers used high-resolution and super-resolution microscopy to show that contact between the virus and the cell surface triggers a cascade of cellular reactions. First, the cellular receptors accumulate locally at the virus binding site. This is due to the fact that the receptors move more slowly through the cell membrane near the binding site and are therefore more abundant locally. Subsequently, specific cellular proteins are recruited and finally the actin cytoskeleton is dynamically reorganized.

However, the researchers applied their method not only to an established influenza A model, but also to a novel influenza strain of animal origin: the H18N11 virus, which is found in bats in Central and South America. Unlike most influenza viruses, which bind to glycans -- i.e. carbohydrate chains on the cell surface -- for infection, the H18N11 virus has a different target. "This virus binds to MHC class II complexes -- protein receptors that are typically found on certain immune cells," says Dr. Peter Reuther, research group leader from the Institute of Virology of the Medical Center -- University of Freiburg. He is studying the cell entry of bat-derived H18 influenza A viruses.

Using single-molecule tracking, the researchers were able to show for the first time that MHCII molecules cluster specifically on the cell surface upon contact with the virus -- a process that is essential for the virus to enter the cell. The teams from Braunschweig and Freiburg have thus characterized a new model of influenza A infection: the binding to MHCII as an alternative receptor and the associated dynamic reorganization of the cell surface. "The finding that influenza viruses do not bind exclusively to cellular glycans opens up new perspectives for research into these pathogens," says Reuther. "Particularly in view of their zoonotic potential, it is crucial to better understand these alternative receptors."

The virus-cell binding step is also the focus of the EU project COMBINE, which was launched at the beginning of 2025 and is coordinated by HZI researcher Sieben. In COMBINE, scientists from five European countries are investigating the virus entry process of newly emerging viruses, especially those with pandemic potential. "This process is a potential target for antiviral therapies. The methodology we have developed to investigate the virus entry process can be applied to many other viruses," says Sieben. The new results not only provide detailed insights into the biology of influenza viruses. They also provide a methodological basis for investigating the entry mechanisms of potential pandemic pathogens in a more targeted manner -- and thus identifying new targets for antiviral therapies.
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The world's wealthiest 10% caused two thirds of global warming since 1990 | ScienceDaily
Wealthy individuals have a higher carbon footprint. A new study published in Nature Climate Change quantifies the climate outcomes of these inequalities. It finds that the world's wealthiest 10% are responsible for two thirds of observed global warming since 1990 and the resulting increases in climate extremes such as heatwaves and droughts.


						
The study assesses the contribution of the highest emitting groups within societies and finds that the top 1% of the wealthiest individuals globally contributed 26 times the global average to increases in monthly 1-in-100-year heat extremes globally and 17 times more to Amazon droughts.

The research sheds new light on the links between income-based emissions inequality and climate injustice, illustrating how the consumption and investments of wealthy individuals have had disproportionate impacts on extreme weather events. These impacts are especially severe in vulnerable tropical regions like the Amazon, Southeast Asia, and southern Africa -- all areas that have historically contributed the least to global emissions.

"Our study shows that extreme climate impacts are not just the result of abstract global emissions, instead we can directly link them to our lifestyle and investment choices, which in turn are linked to wealth," explains lead author Sarah Schongart, an alumna of the 2024 Young Scientists Summer Program (YSSP), who is currently associated with ETH Zurich. "We found that wealthy emitters play a major role in driving climate extremes, which provides strong support for climate policies that target the reduction of their emissions."

Using a novel modeling framework that combined economic data and climate simulations, the researchers were able to trace emissions from different global income groups and assess their contributions to specific climate extremes. They found that emissions from the wealthiest 10% of individuals in the United States and China alone, each led to a two-to threefold increase in heat extremes across vulnerable regions.

"If everyone had emitted like the bottom 50% of the global population, the world would have seen minimal additional warming since 1990," says coauthor Carl-Friedrich Schleussner, who leads the Integrated Climate Impacts Research Group at IIASA. "Addressing this imbalance is crucial for fair and effective climate action."

The study also emphasizes the importance of emissions embedded in financial investments, rather than just personal consumption. The authors argue that targeting the financial flows and portfolios of high-income individuals could yield substantial climate benefits.

"This is not an academic discussion -- it's about the real impacts of the climate crisis today," adds Schleussner. "Climate action that doesn't address the outsize responsibilities of the wealthiest members of society, risks missing one of the most powerful levers we have to reduce future harm."

The authors suggest that their findings could motivate progressive policy instruments targeted at societal elites, noting that such policies can also foster social acceptance of climate action. Making rich individual polluters pay can also help to provide much needed support for adaptation and loss and damage in vulnerable countries. They conclude that rebalancing responsibility for climate action in line with actual emissions contributions is essential, not just to slow global warming, but to achieve a more just and resilient world.

The study is the result of work undertaken as part of Schongart's YSSP project in 2024 for which she was awarded the IIASA Levien award.
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New study tracks air pollution and CO2 emissions across thousands of cities worldwide | ScienceDaily
In a sweeping new study of more than 13,000 urban areas worldwide, researchers have mapped air pollution levels and carbon dioxide emissions, providing comprehensive global analysis of urban environmental quality.


						
The research led by George Washington University, in collaboration with scientists from Washington University in St. Louis and the University of North Carolina at Chapel Hill, used data from satellite observations, ground-based measurements and computer models to measure city-level air pollution and the average amount of carbon dioxide released into the atmosphere in 13,189 urban areas globally. The study, which highlights regional disparities, focused on the years spanning from 2005-2019.

"This study provides a powerful snapshot of how urban environments are evolving across the globe," said Susan Anenberg, professor of environmental and occupational health at the GW Milken Institute School of Public Health and director of the GW Climate and Health Institute. "It also shows that progress is possible but uneven, with some cities seeing worsening pollution while others are experiencing cleaner air over time."

Key Findings:
    	    More than 50% of cities showed links between all pollutants, suggesting they likely come from the same sources and could be reduced together.
    
    	    Urban areas in high-income regions with aggressive environmental policies saw simultaneous declines in all pollutants.
    
    	    Cities in regions undergoing rapid population and economic growth, including South Asia and parts of Africa, experienced rising pollution and emissions levels.
    
    	    Satellite remote sensing provides an unprecedented opportunity to track pollution levels in all cities worldwide.
    

The study's integrated approach offers policymakers, researchers and climate advocates a valuable new tool for assessing the effectiveness of strategies to reduce pollution. By tracking historical pollutant trends and analyzing correlations across air pollution, nitrogen dioxide and carbon dioxide emissions, the study offers insights into how urban areas can make progress on both climate and public health goals.

Researchers also created an interactive map and dashboard to track air pollution in cities worldwide.
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A 'roadmap' of the fruit fly brain | ScienceDaily
For the first time, researchers at Leipzig University and other institutions have gained comprehensive insights into the entire nervous system of the fruit fly (Drosophila melanogaster). The findings were recently published in Nature, marking the first study to describe in detail the neurons that span the entire nervous system of the adult fruit fly. The researchers also, for the first time, compared the complete set of neural connections (the connectome) in a female and a male specimen -- and identified differences.


						
"At present, there are only a few electron microscopy data sets of the fruit fly's connectome. None of them has so far included the entire central nervous system -- that is, both the brain and the ventral nerve cord, the functional equivalent of the vertebrate spinal cord. Until now, the data sets have ended at the neck due to technical limitations," explains lead researcher Dr Katharina Eichler from Leipzig University, describing the current state of research.

However, the neurons that run through the neck connective -- the link between brain and nerve cord -- are essential for transmitting the decisions made in the insect's brain. These neural circuits have so far remained unknown. "We have now identified these neurons in three connectomes and analysed their pathways. We studied one female brain data set as well as a male and a female nerve cord data set," says Eichler, who previously conducted research on the topic at the University of Cambridge before continuing her work at Leipzig University.

The paper describes all the neurons in the neck of the fruit fly that could be identified using light microscopy data. This allowed the researchers to analyse the circuits formed by these cells in their entirety. When comparing male and female neurons, the scientists identified sex-specific differences for the first time. Previously unknown cells were found that exist only in one sex and are absent in the other. The researchers also discovered that a descending neuron known as aSP22 communicates, in females, with neurons that are present only in females. This finding provides the first explanation for the behavioural differences observed when this neuron is active. Female flies extend their abdomen, probably to lay eggs, while males curl theirs forward in order to mate.

"The study provides an overview of the entire fruit fly connectome. It serves, in a sense, as a kind of roadmap that scientists can use for orientation. Based on this, experiments can be intelligently designed to investigate the function of individual neurons or entire circuits -- saving considerable time and resources," explains the biologist. Now that the technical challenges in analysing the fruit fly's nervous system have been overcome, Katharina Eichler's research group is working on two new data sets covering the entire central nervous system of both a female and a male specimen.
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The atmospheric memory that feeds billions of people: Newly discovered mechanism for monsoon rainfall | ScienceDaily
Across the globe, monsoon rainfall switches on in spring and off in autumn. Until now, this seasonal pattern was primarily understood as an immediate response to changes in solar radiation. A new study by the Potsdam Institute for Climate Impact Research (PIK), published in the scientific journal PNAS, shows for the first time that the atmosphere can store moisture over extended periods, creating a physical memory effect. It allows monsoon systems to flip between two stable states. Disrupting this delicate balance, would have severe consequences for billions of people in India, Indonesia, Brazil and China.


						
"The atmosphere can 'remember' its previous state by storing physical information in the form of water vapour," explains Anja Katzenberger, PIK researcher and author of the study. "In practical terms, this means that even though solar radiation increases or decreases with the seasons, the atmosphere doesn't always respond immediately. During spring, water vapour accumulates over days and weeks. This reservoir determines the onset of monsoon rainfall in early summer and maintains it even as solar influx starts to decline in autumn."

Path dependence in the atmosphere: How the monsoon "remembers"

Combining observational data from India, China and other monsoon regions with atmospheric simulations, the research team shows that the state of the atmosphere depends on its seasonal history: If it's already raining, the rain persists. But if it has been dry, it is hard to initiate rainfall. In spring, the atmosphere is typically dry and needs to "fill up" with water vapour before the monsoon can start. In contrast, the post-monsoon atmosphere in autumn remains moist and continues to support rainfall even as solar radiation weakens. "This behaviour is what we call bistability," says Katzenberger. "At the same level of solar radiation, the atmosphere can either be dry or rainy, depending on the preceding state."

"We've long known that systems like the ocean or the massive ice sheets have some sort of memory. But the atmosphere? That was thought impossible," adds study co-author Anders Levermann, who leads the department of Complexity Science at PIK. "This memory effect leads to a switch-like behaviour in monsoon rainfall, a seasonal flip from 'off' to 'on' and back again. And crucially, it doesn't happen gradually -- it's abrupt, sudden." Such abrupt shifts are characteristic of other tipping elements in the climate system, but the monsoon is special, Levermann says: "What's particularly notable is that the monsoon crosses its tipping point every year and then returns. This could enable us in the future to actually identify the tipping point with observational data and develop an early warning system."

A combination of observation, theory and simulation

To unravel the mechanism behind this bistable behaviour, the team used both real-world data and simulations with a high-resolution atmospheric general circulation model developed at Princeton University. In an idealised "Monsoon Planet" setup, they isolated the atmosphere from slower Earth system components like the oceans. The simulations showed that monsoon rainfall can flip between a dry and wet state without the thermal inertia of the ocean. Key to this behaviour is the formation of a robust column of atmospheric moisture that stabilises rainfall over weeks. The central tipping point in this system can clearly be identified as a threshold, explains Katzenberger: "When atmospheric water vapour exceeds around 35 kilograms per square metre, the monsoon switches on. If it falls below that, it switches off. This abrupt, threshold-based response defines the bistability."

If this dynamic were disrupted, for example through pollution or global warming, we could face major challenges, concludes Levermann: "This would have dramatic consequences for billions of people in regions like India, Indonesia, Brazil and China who depend with their livelihood on monsoon rainfall -- It would disrupt not only our climate system, but our societies worldwide."
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Is virtual-only couture the new clothing craze? | ScienceDaily
As fast fashion continues to fill wardrobes and landfills at a staggering pace, new research from the University of Portsmouth suggests that the future of fashion might lie not in fabric, but in pixels.


						
In a multi-study paper published in the International Journal of Retail and Distribution Management, a team of researchers has delved into the growing phenomenon of e-fashion -- digital garments worn in virtual environments -- and found these intangible items could help bridge the gap between fast fashion and environmental sustainability.

From Instagram filters to gaming skins, the idea of digital self-presentation isn't new. But fashion brands are now taking things a step further, offering digital-only collections that exist purely on-screen.

These clothes can change colour, morph shape, and even communicate with physical counterparts via near-field communication (NFC) chips. Crucially, they come without the environmental baggage of traditional production, shipping or waste. Their production, consumption and disposal don't require using raw and difficult-to-recycle materials such as polyester. The research studied how consumers respond to the unique appeal of digital clothing and what drives their willingness to pay for garments they can't physically touch, try and own.

Findings show that consumers with a strong appetite for novel and tactile experiences are particularly drawn to e-fashion, valuing its creativity, customisability and interactivity. For them, virtual couture is not a compromise but an additional new frontier in personal style.

Conventional logic suggests that consumers with a strong need for touch, who enjoy physically inspecting and trying on a garment, are less likely to find e-fashion appealing.

However, the research challenges this logic. It learns that consumers with a high need for touch, and a high sensation-seeking, are an ideal target market for virtual clothing.




The research found that consumers could mentally simulate the tactile features of e-fashion, a process that becomes increasingly feasible and vivid with the adoption of virtual reality headsets.

One of the co-authors, Dr Kokho (Jason) Sit, Senior Lecturer in Marketing at the University of Portsmouth, said: "Whether e-fashion is a fleeting fad or a long-lasting trend remains to be seen, but its environmental potential is undeniable. Unlike fast fashion's reliance on low-cost, often non-recyclable materials and landfill-heavy turnover, digital garments can be produced, consumed, and discarded with a single keystroke -- or perhaps several keystrokes. No raw materials, modern slavery, shipping and delivery are involved, reducing deforestation, inhumane working conditions, carbon footprint and landfills."

"This research shows that e-fashion isn't just a gimmick for gamers or influencers. It can potentially disrupt the fast fashion model in a profitable way for fashion brands, exciting for consumers and better for the planet."

While it may not entirely replace physical fashion, the study suggests e-fashion could meaningfully reduce our reliance on high-volume, low-value clothing and help curb the environmental toll of an industry that urgently needs reform.
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Klotho: A protein that promotes healthy aging and improves longevity | ScienceDaily
An international study led by the Institut de Neurociencies at the Universitat Autonoma de Barcelona (INc-UAB) has shown that increasing levels of the Klotho protein in mice extends lifespan and improves both physical and cognitive health when aging.


						
As we grow older, it is natural to lose muscle and bone mass, leading to greater frailty and a higher risk of falls and serious injuries. Cognitively, neurons progressively degenerate and lose connections, while diseases such as Alzheimer's and Parkinson's become more prevalent. In a society where the population is steadily aging, reducing these effects is one of the main challenges for research.

Now, in an article published in Molecular Therapy, an international research team led by Professor Miguel Chillon, ICREA researcher at the INc-UAB, has shown that increasing levels of the secreted form of the Klotho protein (s-KL) improves aging in mice. The team treated young animals with gene therapy vectors that caused their cells to secrete more s-KL. At 24 months of age, roughly equivalent to 70 years in humans, they found that the treatment had improved the animals' muscle, bone, and cognitive health.

"We have been working with the Klotho protein for some time, due to its therapeutic potential for treating neurodegenerative diseases. In this study, we wanted to see whether s-KL could also be beneficial for healthy aging by examining a broad range of factors," explains Miguel Chillon.

Mice treated with s-KL lived 15-20% longer, with better physical performance, larger muscle fibers, and less fibrosis, indicating better muscle health. Improvements in bone health were also observed, particularly in females, with greater preservation of the internal bone structure (trabeculae), suggesting a potential protective effect against osteoporosis. Finally, in the brain, treatment with s-KL promoted the generation of new neurons and increased immune activity in the hippocampus, suggesting possible cognitive benefits.

The viral vector treatment works by introducing copies of the gene encoding the desired protein into the body's cells, so that they can start producing it on their own. In the mice, these vectors were administered intravenously and directly into the brain to ensure that brain cells also produced s-KL. "We now have viral vectors that can reach the brain after being administered intravenously, which would make it easier to safely transfer this therapy to humans. Another option would be to administer the protein directly as a drug instead of using viral vectors, but we still need to find an efficient way to deliver it and ensure it reaches the target organs," explains Joan Roig-Soriano, INc-UAB researcher and first author of the article.

The research group had already patented the use of Klotho to treat cognitive deficits, and following this study, three new patents were filed. These patents protect the use of Klotho for treating bone and muscle deficits, as well as for developing therapies aimed at increasing longevity.

"If we can find a viable delivery method, s-KL could make a significant contribution to improving people's quality of life and helping to build the healthiest society possible," the researchers conclude.
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Pioneering research reveals tree-mendous potential of inexpensive drones to help community forests flourish and unlock restoration funding | ScienceDaily
Restoring forests at a community level can contribute significantly to helping reach global net zero and biodiversity goals. Accessing carbon and nature payments often requires robust measurements to quantify restoration's positive impact, but these can be beyond the capacity of community organisations.


						
New research, led by the University of Bristol, could provide an answer to this challenge. Its findings show how small, inexpensive drones combined with free, open source software can be used by community forest organisations to calculate and monitor the amount of carbon stored in their forests.

The study results, published in PLOS One, demonstrate that carbon measurements gathered in this way are sufficiently accurate for establishing ongoing restoration monitoring, whilst being much simpler and cheaper than alternative methods, such as satellites and field-based surveys.

Lead author Dr Ben Newport, Honorary Senior Research Associate at the University of Bristol's Cabot Institute for the Environment, said: "Our findings are exciting because they outline a clear and cost-effective workflow for upscaling accurate, transparent forest carbon monitoring from small field plots to tens of hectares -- a scale that aligns well with community forests.

"This could potentially enable community forest groups around the world to engage with restoration funding schemes that would otherwise be beyond their technical capacities and, importantly, democratises data collection and ownership."

The international research team, including scientists from Cardiff University and the Danau Girang Field Centre in Malaysia, used a single lightweight, consumer-grade drone to take around 600 images of a community forest restoration site in Sabah, Malaysian Borneo, covering 2 hectares of selectively logged peat swamp forest.

These images were processed using a technique called Structure-from-Motion photogrammetry, which produces 3D point clouds from sets of overlapping 2D images, allowing the forest canopy height to be calculated. From this the tree biomass was calculated using "allometric" equations and converted into the aboveground carbon currently stored within the restoration site.




The results showed that the drone-based carbon calculations were comparable in accuracy to those derived from field-based measurements.

Dr Newport added: "Importantly, these measurements were produced using only a single drone and data collection took just one afternoon. However, care needs to be taken to select appropriate, regionally calibrated allometric equations to ensure the most accurate results."

There are tens of thousands of community-scale forest restoration projects globally and evidence suggests that these initiatives are more likely to endure than larger scale reforestation schemes.

"The drone we used can be bought for under PS300 second-hand, making this a relatively accessible method for community groups who might have limited funds, especially when considering its repeatability," Dr Newport explained.

"In addition to carbon measurements, communities across Borneo have also used these drones to document illegal mining occurring in their forests, support land tenure claims, and collect imagery to promote ecotourism businesses, so a drone can be an incredibly useful investment.

"But there are potential barriers to using a drone such as permit applications, training, and local opposition to drone flights that mustn't be overlooked, both for this method and other uses.




"In Borneo, local NGOs and research institutes can provide help and assistance in some cases, but there needs to be awareness that technology may not be so 'accessible' for different groups and in different locations."

Study co-author Professor Joanna House, Professor in Environmental Science and Policy at the University of Bristol, added: "The findings are very encouraging because restoring forests at a community level can significantly boost carbon storage and biodiversity gain, particularly when it empowers indigenous and rural communities through inclusion in forest monitoring and management. Experience has shown time and again that community involvement is critical to successful and ethical climate mitigation."

The research publication follows the recent Government announcement that three new national forests will be created to help meet a legally-binding target of achieving 16.5% woodland cover in England by 2050. The first, called The Western Forest, will be made up of new and existing woodlands across Gloucestershire, Wiltshire, Somerset, the Cotswolds and the Mendips as well as in urban areas such as Bristol, Swindon and Gloucester. In addition to enhancing existing woodlands, 20 million trees will be planted to drive forward net zero goals, promote economic growth, and help slow the decline of wildlife species.

Dr Newport, who is also a Land & Habitat Officer for the charity Avon Needs Trees and works to restore woodland and biodiversity across the Avon catchment, said: "It will be interesting to see how these methods can be adapted to involve landowners and stakeholders in the monitoring of forest restoration across the West of England.

"There is huge potential for the inclusion of citizen science in these projects. I'm also very excited to see how the methods outlined in our paper might allow communities in other locations, where funding is more limited, to also better monitor and protect their forests."
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Specialized face mask can detect kidney disease with just your breath | ScienceDaily
Surgical face masks help prevent the spread of airborne pathogens and therefore were ubiquitous during the COVID-19 pandemic. Now, a modified mask could also protect a wearer by detecting health conditions, including chronic kidney disease. Researchers reporting in ACS Sensors incorporated a specialized breath sensor within the fabric of a face mask to detect metabolites associated with the disease. In initial tests, the sensor correctly identified people with the condition most of the time.


						
Kidneys remove waste products made by the body's metabolic processes. But in the case of chronic kidney disease (CKD), these organs have become damaged and lose function over time, which can have wide-ranging implications on a person's health. The U.S. Centers for Disease Control and Prevention estimates that 35 million Americans have CKD, and many more could have the disease without knowing it, possibly at an early stage. Currently, medical professionals diagnose the condition by measuring metabolites in blood or urine, but low-cost, low-tech systems, like the ones made from specialized candies, could make the process easier.

Chemical breath sensors are another diagnostic tool currently being explored because people with CKD exhale elevated levels of ammonia -- a chemical associated with the condition. However, ammonia is also associated with other health conditions. Corrado Di Natale and colleagues wanted to create a specific sensor that simultaneously detects ammonia and other CKD-related metabolites.

For ease of use, they incorporated the sensor into a familiar form: a surgical face mask. To create the breath sensor, the team first coated silver electrodes with a conductive polymer that is commonly used in chemical sensors. The polymer was modified with porphyrins -- molecules sensitive to volatile compounds -- to boost the sensitivity. The coated electrodes were placed between the layers of a disposable medical face mask, and wires connected the device to an electronic readout. When select gases interacted with this specialized polymer, it caused a measurable change of electrical resistance. These initial experiments in air confirmed the high sensitivity of the sensor for CKD-related metabolites, including ammonia, ethanol, propanol and acetone.

Then the specialized face masks were tested on 100 individuals. About half of the participants had a CKD diagnosis, and the other half (the control group) did not. The sensors detected several compounds in the participants' breath, and statistical analysis of the data revealed a clear pattern distinguishing the participants with CKD from the control group. The team's sensor correctly identified when a patient had CKD 84% of the time (true positive) and that a patient did not have CKD 88% of the time (true negative). In addition, the results suggest that the sensor data can be used to estimate the stage of CKD, which could be highly valuable in the diagnostic process.

The researchers say that these findings present the potential for straightforward, non-invasive and cost-effective monitoring of CKD patients.

"The implementation of this technology is expected to enhance the management of CKD patients by facilitating the timely identification of changes in disease progression," say Sergio Bernardini and Annalisa Noce, coauthors of the study.

The authors acknowledge funding from the European Union's NextGenerationEU project.
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Fewer parasites in the Indian River lagoon signal big ecosystem problems | ScienceDaily
While an abundance of parasites might seem like a bad thing, their absence actually signals trouble in the environment. Parasites are found throughout nature and are part of nearly every major animal group. Many ecosystems with rich wildlife also have a wide variety of parasites, since parasites depend on specific hosts to survive.


						
When human activities like pollution disturb ecosystems, these host-parasite relationships can break down. Because some parasites need several different hosts to complete their life cycles, their presence can tell us a lot about the health and complexity of an ecosystem.

In the 1970s, the Indian River Lagoon (IRL) was considered one of Florida's cleanest coastal lagoons. Today, the IRL, which spans 156 miles along Florida's east coast, suffers from frequent harmful algae blooms (HABs) caused by excess nutrients from farms, septic systems and urban areas. These blooms have severely reduced seagrass beds -- vital habitats for fish and invertebrates -- which still haven't recovered.

As such, researchers from Florida Atlantic University's Harbor Branch Oceanographic Institute and Charles E. Schmidt College of Science and from Florida Oceanographic Society suspected that parasite levels in the IRL would be affected by these environmental changes. Despite a few records, no long-term parasite datasets exist for the IRL. To help fill that gap, researchers used a meta-analysis approach -- comparing their findings with global data from similar species and ecosystems.

Results of the study, published in the journal Estuaries and Coasts, found that parasites were less common in the IRL compared to other coastal and estuarine ecosystems around the world. In fact, the proportion of infected hosts in the IRL was about 11% lower than what is typically observed in similar environments.

More importantly, researchers saw an even bigger drop -- about 17% -- in the prevalence of larval-stage parasites that rely on multiple hosts to complete their life cycles. These types of parasites often depend on a stable and complex food web, moving from prey to predator as they develop. The fact that they're much less common in the IRL suggests the local food web may be simplified or disrupted, likely due to environmental stressors like pollution, habitat loss and recurring algae blooms. This reduced complexity could mean fewer interactions between species and a less resilient ecosystem overall.

"The Indian River Lagoon is mostly surrounded by suburban development, but our parasite findings suggest its food web looks more like those found in heavily urbanized areas," said Christopher Moore, Ph.D., senior author and postdoctoral researcher at the University of Florida, who conducted the study as a postdoctoral fellow at FAU Harbor Branch. "Water quality problems and patchy seagrass cover likely limit how freely host species can move, which in turn reduces parasite presence and signals a simpler, more fragile ecosystem. As restoration continues, our parasite data can serve as a useful baseline to track how the lagoon's food web recovers after years of nutrient pollution and habitat decline."

From October 2022 to October 2023, researchers sampled six sites in the central and southern IRL, focusing on areas where seagrass was starting to regrow after a 2019 algae bloom die-off. They collected and dissected fish and crustaceans, recording parasites with complex life cycles -- like nematodes, tapeworms, flukes and parasitic isopods. They used both visual ID and DNA barcoding to identify the parasites, and compared their results with other studies to see how the IRL measures up in terms of parasite presence and abundance.




Crustaceans and fish in the IRL had lower parasite infection rates than similar species in other ecosystems -- 11% lower in crustaceans and 8% lower in fish. Fewer parasites also used these animals as final hosts -- 5% less for crustaceans and 11% less for fish. While small intertidal fish typically host more parasites than crustaceans in other systems, the IRL showed no such difference. Overall, parasite prevalence in the IRL was 34% lower, with the biggest decline in digenetic trematodes (15%), isopods (20%) and nematodes (9%).

"These results highlight a striking shift in the ecological health of the Indian River Lagoon," said Michael McCoy, Ph.D., co-author and a professor at FAU's Harbor Branch and Charles E. Schmidt College of Science. "The significantly lower parasite prevalence -- especially among trematodes, isopods and nematodes -- suggests a disruption in the biodiversity needed to support the parasites' complex life cycles. Parasites are often invisible indicators of ecosystem integrity, and here, their scarcity is telling us something important."

Parasites with identifiable larval stages, like tapeworms (cestodes), thorny-headed worms (acantocephalans) and flukes (trematodes), were also much less common than expected. No larval tapeworms or acanthocephalans were found in the crabs, suggesting these complex parasites are largely absent in the lagoon. Though only crabs were studied, this points to a general lack of these parasites in the area.

"Just like Washington state's Puget Sound -- a complex estuarine system of interconnected marine waterways and basins -- our parasite data suggest that food webs in the Indian River Lagoon are being disrupted, largely due to seagrass loss," said Moore. "These disruptions have led to declines in meso-predators like sea trout, whose numbers dropped sharply after harmful algal blooms first appeared in 2011. These blooms, driven by excess nutrients, damage seagrass habitats and upset the balance of predators and prey in the ecosystem."

Study co-author is Krista McCoy, Ph.D., director of research and conservation at the Florida Oceanographic Society.

This research was supported by the Harbor Branch Oceanographic Institute Specialty License Plate fund (PWD #AWD-002997).
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New roadmap advances catalytic solutions to destroy 'forever chemicals' | ScienceDaily
A team of researchers from Rice University, Carnegie Mellon University and other leading global institutions has outlined a bold new roadmap for harnessing heterogeneous catalysis to destroy per- and polyfluoroalkyl substances (PFAS), the so-called "forever chemicals" that have contaminated water supplies worldwide.


						
In a study published in Nature Water, the international team of environmental engineers, chemists and catalysis experts assessed current catalytic technologies for PFAS destruction, proposed a suite of innovations to overcome existing limitations and emphasized the urgent need for holistic performance metrics that reflect true environmental and public health benefits.

"Catalysis offers a promising path to completely break down PFAS molecules, but current approaches are still far from optimal," said Michael Wong, co-author and chair of the Department of Chemical and Biomolecular Engineering at Rice. "We need smarter design, better process integration and a more nuanced way of comparing technologies that accounts for energy, cost and toxicity reduction."

PFAS are synthetic compounds used in products from firefighting foams to cookware and personal care products. Their carbon-fluorine bonds are among the strongest in chemistry, making them extremely persistent in the environment and difficult to degrade. Conventional water treatments such as reverse osmosis and activated carbon filters only separate PFAS from water, meaning toxic waste is left behind.

"Heterogeneous catalysis -- the use of solid materials to speed up chemical reactions -- has the potential to not only separate but actually mineralize PFAS into harmless by-products," said Gregory Lowry, corresponding author and a Hamerschlag University Professor of Civil and Environmental Engineering at Carnegie Mellon. "But these systems face multiple hurdles, including poor selectivity, incomplete defluorination and high energy demands."

One of the team's key recommendations is a pretreatment step to simplify the complex soup of PFAS often found in industrial waste or contaminated groundwater. Using known homogeneous chemical reactions, they postulate that these mixtures can be transformed into a smaller set of better-understood compounds, paving the way for more effective catalytic destruction.

"Thinking of complex PFAS treatment as a multistep process that will require many steps makes catalyst design much more tractable," said Sarah Glass, co-first author and graduate student in civil and environmental engineering at Rice. "Designing and using treatment techniques that are really efficient for a certain step of degradation can improve overall efficiency and accelerate the development of real-world catalytic solutions."

The researchers proposed a sequential "treatment train," where simplified PFAS mixtures are processed through tailored catalytic steps. First, the process removes specific chemical head groups from the PFAS molecules. Next, it shortens their long perfluorinated carbon chains, stripping away the fluorine atoms -- the key to their persistence. Finally, the remaining fluorinated fragments are broken down into safe, naturally occurring substances like carbon dioxide, water and fluoride ions. Each step uses a specialized catalyst tailored to the chemical structure at that stage. For example, titanium-based materials are used to speed up oxidation, while palladium helps swap out fluorine atoms for hydrogen in a process called reductive hydrodefluorination. This approach ensures that even complex PFAS mixtures can be effectively destroyed rather than just absorbed onto a solid, requiring additional treatment.




"Think of it as a relay race," said Thomas Senftle, co-author and the William Marsh Rice Trustee Associate Professor in Chemical and Biomolecular Engineering at Rice. "Each catalyst hands off a partially degraded PFAS to the next until the molecule is completely broken down. Our goal is total defluorination."

The researchers stressed the importance of creating catalysts that can target and break down PFAS without being distracted by other substances commonly found in contaminated water. To do this, they are exploring catalyst surfaces that better attract PFAS and are using computer models and machine learning to predict reactions and optimize catalyst design.

"We're still learning which PFAS break down under which conditions," said Pedro Alvarez, co-author, the George R. Brown Professor of Civil and Environmental Engineering and director of the Rice Water Technologies Entrepreneurship and Research Institute. "Data-driven simulations can dramatically speed up the discovery process."

The team also introduced a new energy metric called electrical energy per order of defluorination (EEOD) to fairly compare how efficiently different catalytic systems break fluorine-carbon bonds. Unlike traditional removal metrics, EEOD focuses on true degradation, not just separation.

The study concludes with a call for interdisciplinary collaboration and open data sharing to refine PFAS treatment strategies, with the need for scalable, cost-effective destruction methods greater than ever.

"PFAS are a generational challenge," Wong said. "We owe it to future generations to find smart, sustainable solutions, and catalysis can be one of them."

This research was supported by funding from the National Science Foundation, the National Institute of Environmental Health Sciences, a Dean's Fellowship from the College of Engineering at Carnegie Mellon and the National Natural Science Foundation of China.
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Junk food for thought: Landmark study directly links ultra-processed foods to poor health | ScienceDaily
A landmark study exploring Canadians' consumption of chips, frozen pizzas, breakfast cereals and other ultra-processed foods typically loaded with fat, sugar and additives has confirmed these foods are directly and significantly linked to poor health outcomes.


						
Researchers at McMaster University investigated the relationship between ultra-processed food (UPF) consumption and risk factors including blood pressure, cholesterol levels (LDL and HDL), waist circumference and body mass index (BMI).

Their study is the first in Canada to leverage population-based and robust biomarker data to examine this relationship.

The team analyzed data from more than 6,000 adults across Canada, representing a diverse range of ages, health conditions and socio-economic backgrounds. The subjects completed a questionnaire for the Canadian Health Measures Survey, conducted by Health Canada and Statistics Canada, and were then personally assessed at mobile clinics.

Individuals who consumed the most UPF were more likely to be men, and to have lower income levels, less education and to have reported lower fruit and vegetable intake. They had significantly higher BMI, waist circumference, blood pressure, insulin, and triglyceride levels than those who consumed the least UPF.

Researchers noted that many links between UPF consumption and cardiometabolic risk factors remained significant even after adjusting for BMI, suggesting that ultra-processed foods may influence health through mechanisms beyond weight gain, such as inflammation, insulin resistance, and poor metabolic regulation -- all well-established predictors of heart disease and type 2 diabetes.

The associations persisted even after adjusting for physical activity, smoking, the total amount of food consumed and socioeconomic factors including income and education.




"We have this very complex food supply that is more than just the nutritional composition of a food," explains Anthea Christoforou, an assistant professor in the Department of Kinesiology at McMaster University and senior author of the paper.

"It may be about the additives. The way the food is prepared. It's related to the packaging and the marketing of that food. All these things come together to create this food environment that really affects the healthfulness of our diets."

The study, published today in the journal of Nutrition and Metabolism, uncovered a strong association between UPF consumption and the presence of C-reactive protein (CRP), which the liver produces in response to inflammation, as well as an increase of white blood cells.

"These two biomarkers indicate that these foods are causing an inflammatory response in our bodies. In a sense, this suggests that our bodies are seeing these as non-foods, as some kind of other element," says Christoforou.

UPFs are ready-to-eat, pre-packaged foods, often high in sodium, sugar and unhealthy fats, while being low in fibre, minerals and vitamins. They are often more convenient, heavily marketed, and appeal to time-pressed consumers, factors that may contribute to higher consumption among lower-income groups and growing health disparities.

Researchers point out that such foods have come to dominate the global food supply, particularly in middle- and high-income countries. Canadian study participants consumed an average of more than three servings of UPFs per day, but those who consumed the highest amounts averaged six servings daily, and researchers believe UPFs may be replacing healthier foods such as fruits and vegetables.




"Ultra-processed foods are impacting health across all socioeconomic groups," says Angelina Baric, a graduate student in the Department of Kinesiology at McMaster and co-author of the study. "While some populations are more exposed to these foods, our findings show that the health risks persist independently of income and education. This highlights the need for broad, equitable food policies that protect everyone."

Health Canada currently recommends reducing the consumption of processed foods as part of its healthy eating guidelines and has begun consultations to develop broader strategies for limiting UPFs in the Canadian food supply.

"We found consistent evidence that eating ultra-processed foods is associated with cardiometabolic risk factors, which not only reinforces the evidence we have seen linking these foods with rising overweight and obesity rates in Canada and other parts of the world, but also provides more detailed information about what's happening in the body before a full disease," says Baric.

In future, the research team plans to develop a study on children's eating habits as related to processed foods, and female health, focusing on fertility, menses and the onset of menopause.

They are also investigating the biological mechanisms by which UPFs may trigger inflammation and metabolic dysfunction and exploring the role of affordability and food environments in driving UPF consumption -- with the aim of informing more equitable public health strategies.
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Smart spongy device captures water from thin air | ScienceDaily
Engineers from Australia and China have invented a sponge-like device that captures water from thin air and then releases it in a cup using the sun's energy, even in low humidity where other technologies such as fog harvesting and radiative cooling have struggled.


						
The water-from-air device remained effective across a broad range of humidity levels (30 -- 90%) and temperatures (5 -- 55 degrees Celsius).

Senior researcher Dr Derek Hao, from RMIT University in Melbourne, said the invention relied on refined balsa wood's naturally spongy structure, modified to absorb water from the atmosphere and release it on demand.

The wood-based composite developed by the team for their research fit snuggly into a cup with a dome lid and anti-pollution tray, a cooling mechanism and an activation system powered by the sun.

"Billions of people around the world lack access to drinkable water, and millions die from water-borne diseases every year," said Hao, a materials scientist and environmental engineer in RMIT's School of Science.

Hao was corresponding author on the study, which was done in collaboration with five Chinese research institutions, led by Dr Junfeng Hou from Zhejiang A&F University.

"Our team has invented a device comprising wood's spongy scaffolding, lithium chloride, iron oxide nanoparticles, a carbon nanotube layer and other specialised features," Hao said.




The team used artificial intelligence for accurate prediction and optimisation of the device's water harvesting and discharging performance under varying environmental conditions.

Watershed moment

The spongy material, which is an early-stage lab prototype, absorbs moisture from the atmosphere when the cup's lid is open. When the lid is closed under sunlight, water is released into the cup.

Under laboratory conditions, the water-from-air device absorbed about 2 milliliters of water per gram of material at 90% relative humidity and released nearly all the water within 10 hours under sun exposure -- higher than most other known methods and at less cost. With nine sponge cubes, each weighing 0.8 grams, 15 milliliters of water can be absorbed and released into the cup.

"In outdoor tests, our device captured 2.5 milliliters of water per gram overnight and released most of it during the day, achieving a daily water collection efficiency of 94%," Hou said.

"At 30% humidity, our device absorbed water at about 0.6 milliliters per gram.




"These results highlight its potential use in off-grid, solar-driven water harvesting systems."

Benefits of the nature-inspired design

Hao said the use of natural wood as a matrix not only reduced costs but also provided structural integrity and enhanced water transport through its porous architecture.

"These features enable the material to be manufactured in large quantities and deployed in real-world applications such as water collection in remote or arid regions," he said.

"The device retained its flexibility and water-absorbing function even after being stored at [?]20 degrees Celsius for 20 days, demonstrating excellent freeze resistance.

"Its moisture absorption-release performance was stable across 10 consecutive cycles, with less than 12% decline in efficiency."

Potential applications and scalability

Hao said the device would be suited to emergency scenarios, such as in the wake of natural disasters where water supplies have been compromised, if the team can scale-up and optimise the modular innovation.

"The current demonstration unit size is 15 cubic millimeters. It would be very easy to prepare a larger unit, or we can use the units to form an array," Hao said.

"Its ability to harvest potable water from the atmosphere using only sunlight makes it invaluable in disaster-stricken areas where traditional water sources are compromised. The system's portability and reliance on renewable energy further enhance its applicability in such contexts."

Hao said the material was designed with scalability and affordability in mind.

"The main component, balsa wood, is widely available, biodegradable and cheap, and the manufacturing process is not complex, which could enable mass production.

"The demonstrated stable performance over multiple cycles and in various environmental conditions indicates longevity and cost-effectiveness."

Hao said the team was in discussion with prospective industry partners on pilot-scale production and field deployment, integration into modular water-from-air harvesting systems.

"Solar panels combined with thermal energy storage could enable round-the-clock operation, particularly in areas with intermittent sunlight," he said.

Developing automated control systems using Internet of Things sensors to monitor relative humidity, temperature and solar intensity could further optimise water harvesting cycles, Hao said.

"Building on the artificially intelligent design used in the study, more advanced design platforms could be developed to screen new material combinations and predict long-term water absorption and release performance," he said.
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Triassic fossil reveals nature's best jaw for hunting fast fish | ScienceDaily
The best jaw for hunting fast fish is long and full of sharp teeth.


						
This makes sense to us, but it also makes sense in nature: New fossil evidence from Virginia Tech geoscientists revealed that different species of predatory fish independently evolved similar jaw structure hundreds of millions of years apart.

"The same evolutionary problem is being solved in the same way. You make yourself into an arrow, and you turn your jaws into a fish trap," said Jack Stack, a graduate student in the Department of Geosciences and lead author on an April study published the Journal of Vertebrate Paleontology.

Working alongside paleobiologists Michelle Stocker and Sterling Nesbitt with junior microbiology major Maranda Stricklin, Stack drew this conclusion by analyzing a fossilized Triassic-era fish, Saurichthys justicias (pronounced sir-ick-these), sifted out of an ancient river deposit in western Texas.

This particular deposit has been a treasure trove for the Virginia Tech fossil team. But it probably was "pretty gross" when the river was flowing 225 million years ago, Stack said.

"It was a muddy little pool, full of poop and dead animals, dead fish," Stack said.

The paleobiologists recognized a fossiliferous rock layer when they spotted fossil fish scales, a telltale sign that more fossils could be found beneath the surface.




After collecting and screenwashing sediment from the site, they sorted it under a microscope and took high-resolution photos. When the jawbone emerged, Stricklin took point. The undergraduate researcher used micro-CT scanning technology to create a three-dimensional cross section, revealing all that remained of a foot-long skillful killer.

The wicked countenance resembles modern-day pike or needlefish with their elongated toothy jaws, and yet Saurichthys justicias evolved entirely independently from these fish. It is from an extinct branch of ray-finned fishes -- a group that comprises more than 50 percent of all living vertebrate species, including familiar animals such as goldfish, tuna, bass, and approximately 35,000 other species.

In addition to uncovering how and why certain evolutionary traits reemerge again and again, long-lost Saurichthys justicias is already helping scientists reconstruct the history of ray-finned fish to better understand today's animals and better anticipate how they will respond to freshwater ecosystem changes still to come.

New genus and species
    	The genus name Saurichthysderives from the Greek word "sauros" meaning lizard and the Greek word "Ichthus"meaning fish.
    	The species name justicias derives from the Latin term "iustitia" meaning justice, named for the town of Justiceburg, Texas, where the fossil was unearthed.
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Birds form bonds that look a lot like friendship | ScienceDaily
The fact that humans who are not related by blood help each other repeatedly over time is demonstrably true -- think of the ongoing mutual support that sustains your longest-running friendships.


						
But the idea that such interactions occur in the animal kingdom has been difficult to prove.

A new study of African starlings led by Alexis Earl, a former PhD student in the lab of Professor Dustin Rubenstein, and colleagues, draws on data gathered over 20 years and proves exactly that: The starlings demonstrate "reciprocity," helping each other with the expectation that the favor will eventually be returned.

"Starling societies are not just simple families, they're much more complex, containing a mixture of related and unrelated individuals that live together, much in the way that humans do," Rubenstein said.

The fact that animals help their direct blood relatives, or kin, with the goal of boosting their genetic fitness and prolonging their genes, has long been known in the scientific community. Starlings do preferentially help their relatives, but many birds also help non-relatives. Earl and colleagues discovered that this non-relative helping occurs through the formation of these reciprocal helping relationships, which sometimes take place over many years.

Proving that this type of reciprocal behavior extends to animals other than direct relatives is difficult, though, since it requires large amounts of data gathered over long stretches of time. The new paper, published this week in the journal Nature, draws on 20 years of research that Rubenstein and his colleagues have conducted on African starlings living in the harsh climate of east African savannahs. From 2002 to 2021, the researchers studied thousands of interactions between hundreds of the birds, and collected DNA from individuals in the population to examine genetic relationships. By combining 40 breeding seasons' worth of behavioral and genetic data, the team could ask questions like: Did the birds preferentially help relatives? Did they help non-relatives even when relatives were available? And did they reciprocate help with specific individuals over the years?

Ultimately, the researchers found that helpers preferentially aided relatives, but also frequently and consistently helped specific non-relative birds, even when relatives were available to help. "Many of these birds are essentially forming friendships over time," Rubenstein said. "Our next step is to explore how these relationships form, how long they last, why some relationships stay robust, while others fall apart."

The data builds on decades of research collected by Rubenstein and his colleagues and students on how and why animals socialize. They have examined animal societies not just in birds, but also in a diversity of species around the globe, including snapping shrimp throughout the Caribbean, wasps in Africa, beetles in Asia, and mice and lizards in Australia.

"I think this kind of reciprocal helping behavior is likely going on in a lot of animal societies, and people just haven't studied them long enough to be able to detect it," Rubenstein said.
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Comb jellies reveal ancient origins of animal genome regulation | ScienceDaily
Life depends on genes being switched on and off at exactly the right time. Even the simplest living organisms do this, but usually over short distances across the DNA sequence, with the on/off switch typically right next to a gene. This basic form of genomic regulation is probably as old as life on Earth.


						
A new study published today in Nature by researchers at the Centre for Genomic Regulation (CRG) and the Centre Nacional d'Analisi Genomica (CNAG) finds that the ability to control genes from far away, over many tens of thousands of DNA letters, evolved between 650 and 700 million years ago. It probably appeared at the very dawn of animal evolution, around 150 million years earlier than previously thought.

Long-distance gene control, called distal regulation, relies on physically folding DNA and proteins into sophisticated loops. This allows regions far from a gene's starting point to activate its function. This extra layer of control likely helped the first multicellular animals build specialised cell types and tissues without inventing new genes.

The critical innovation likely originated in a sea creature, the common ancestor or all extant animals. The ancient animal evolved the ability to fold DNA in a controlled manner, creating loops in three-dimensional space that brought far-flung bits of DNA in direct contact with each other.

"This creature could repurpose its genetic toolkit in different ways like a Swiss knife, enabling it to refine and explore innovative survival strategies. We did not expect this layer of complexity to be so ancient," says Dr. Iana Kim, first author of the study and postdoctoral researcher with dual affiliation between the Centre for Genomic Regulation (CRG) and the Centre Nacional d'Analisis Genomica (CNAG).

The authors of the study made the discovery by exploring the genomes of many of the oldest branches on the animal family tree, including comb jellies like the 'sea walnut' (Mnemiopsis leidyi), placozoans, cnidarians, and sponges. They also studied single-celled relatives that are not animals but share a recent common ancestor.

"You can discover a lot of new biology by looking at weird sea creatures. So far, we had been comparing genome sequences, but thanks to new methods we can now analyse which gene regulation mechanisms control genome function across species," explains ICREA Research Professor Arnau Sebe-Pedros, corresponding author of the study and Group Leader at the Centre for Genomic Regulation.




The team used a technique called Micro-C to map how DNA physically folds inside the cells of each of the 11 different species they studied. For scale, each human cell nucleus packs about two metres of DNA. The researchers sifted through 10 billion pieces of sequencing data to build each species' 3D genome map in detail.

While there was no evidence of distal regulation in the single-celled relatives of animals, early-branching animals like comb jellies, placozoans and cnidarians had many loops. The sea walnut alone had over four thousand loops genome-wide. The finding is surprising given its genome is around just 200 million DNA letters long. In comparison, the human genome is 3.1 billion letters long and our cells can have tens of thousands of loops.

Until now, distal regulation was thought to have first appeared in the last common ancestor of bilaterians, a group of many different types of animals which first appeared on Earth around 500 million years ago. However, comb jellies are descended from life forms which diverged early from other animal lineages around 650 to 700 million years ago.

Whether comb jellies are older than sponges in the tree of life is a longstanding debate in evolutionary biology circles, but the study demonstrates that distal regulation arose at least one hundred and fifty million years earlier than previously thought.

The study made another surprising discovery. Many animals are vertebrates. In their cells, loops are controlled by CTCF, an architectural protein which defines boundaries and compartmentalises genes into different local neighbourhoods. It is a foundational unit of genomic architecture in mammals, birds, reptiles, amphibians, and fish. However, the genomes of the early-branching animals do not encode any equivalent protein to CTCF. Instead, the authors discovered that comb jellies use a different architectural protein belonging to the same structural family. The discovery shatters the assumption that advanced genomic, distal regulation require CTCF.

"It is impressive that the same problem has been solved using different tools. Thanks to this work, we now know that you can use two different proteins to bring distal DNA pices together in space forming a loop. Isn't evolution marvellous?" says ICREA Research Professor Marc A. Marti-Renom, Group Leader at the Centre Nacional d'Analisi Genomic and the Centre for Genomic Regulation.

Like sponges and comb jellies, humans are also made of the same building blocks of DNA. Today, our bodies rely on the ancient innovation of distal regulation to help create different types of cells from the same DNA, producing everything from brain cells to immune cells. When these contacts go wrong, diseases can arise.

By tracing distal regulation to animals that lived many hundreds of million years ago, researchers can begin to piece together how the earliest versions of genomic regulation took shape, providing new clues about the fundamental principles that govern our cells and bodies today. This can help us understand where the system is robust and where it's prone to failure, potentially guiding new medical insights or therapies.

This work was led by the Centre for Genomic Regulation (CRG), in collaboration with Marc A. Marti Renom's Group at the Centre Nacional d'Analisis Genomica, the University of Bergen, Queen Mary University of London, the Prefectural University of Hiroshima, and the University of Alberta. It was funded by an ERC Starting Grant (European Research Council) from the European Union.
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Climate change: Future of today's young people | ScienceDaily
Research led by climate scientists from the Vrije Universiteit Brussel (VUB) reveals that millions of today's young people will live through unprecedented lifetime exposure to heatwaves, crop failures, river floods, droughts, wildfires and tropical storms under current climate policies. If global temperatures rise by 3.5degC by 2100, 92% of children born in 2020 will experience unprecedented heatwave exposure over their lifetime, affecting 111 million children. Meeting the Paris Agreement's 1.5degC target could protect 49 million children from this risk.


						
This is only for one birth year; when instead taking into account all children who are between 5 and 18 years old today, this adds up to 1.5 billion children affected under a 3.5degC scenario, and with 654 million children that can be protected by remaining under the 1.5degC threshold. The study also highlights that children with high socioeconomic vulnerability face an even greater likelihood of unprecedented exposure to climate extremes in their lifetime. Deep cuts in greenhouse gas emissions are urgently needed to safeguard the lives of children all around the world.

Climate change's disproportionate burden on youth 

Climate extremes, including heatwaves, crop failures, river floods, tropical cyclones, wildfires and droughts, will intensify with continued atmospheric warming. Today's children will endure more climate extremes then any previous generation.

"In 2021, we demonstrated how children are to face disproportionate increases in extreme event exposure -- especially in low-income countries. Now, we examined where the cumulative exposure to climate extremes across one's lifetime will far exceed that which would have been experienced in a pre-industrial climate" says Wim Thiery, professor of climate science at VUB and senior author of the study.

"In this new study, living an unprecedented life means that without climate change, one would have less than a 1-in-10,000 chance of experiencing that many climate extremes across one's lifetime" says Dr. Luke Grant, lead author and climate scientist at the VUB and Environment and Climate Change Canada (ECCC). "This is a stringent threshold that identifies populations facing climate extremes far beyond what could be expected without man-made climate change." The threshold varies by location and type of climate extreme.

By combining demographic data and climate model projections of climate extremes for each location on earth, the researchers calculated the percentage of each generation born between 1960 and 2020 who will face unprecedented exposure to climate extremes in their lifetime.




Generational impact of climate change 

The younger a person is, the higher their likelihood of unprecedented exposure to climate extremes. Even if we successfully limit global warming to 1.5degC, 52% of children born in 2020 will face unprecedented heatwave exposure, compared to only 16% of those born in 1960. For heatwaves, the effect is particularly pronounced for those born after 1980, when climate change scenarios increasingly dictate exposure levels.

"By stabilizing our climate around 1.5 degC above pre-industrial temperatures, about half of today's young people will be exposed to an unprecedented number of heatwaves in their lifetime. Under a 3.5 degC scenario, over 90% will endure such exposure throughout their lives," warns Grant. "The same picture emerges for other climate extremes examined, though with slightly lower affected fractions of the population. Yet the same unfair generational differences in unprecedented exposure is observed." Children in tropical countries will bear the worst burden under a 1.5 degC scenario. However, under high-emission scenarios, nearly all children worldwide face the prospect of living an unprecedented life (see Figure 2).

Climate vulnerability and social injustice 

The study also highlights the social injustice of climate change and its impacts. Under current climate policies, the most socioeconomically vulnerable children born in 2020 will almost all (95%) endure unprecedented exposure to heatwaves in their lifetime, compared to 78% for the least vulnerable group. "Precisely the most vulnerable children experience the worst escalation of climate extremes. With limited resources and adaptation options, they face disproportionate risks," says Thiery.

Urgent Need for Global Climate Action 

Ahead of COP30 in Brazil, nations must submit updated climate commitments. Under current policies, global warming would reach around 2.7 degC this century. This study and the related Save The Children report emphasize the urgency of keeping global warming below 1.5 degC for the children of today and tomorrow.




Inger Ashing, CEO of Save the Children International, said: "Across the world, children are forced to bear the brunt of a crisis they are not responsible for. Dangerous heat that puts their health and learning at risk; cyclones that batter their homes and schools; creeping droughts that shrivel up crops and shrink what's on their plates. Amid this daily drumbeat of disasters, children plead with us not to switch off. This new research shows there is still hope, but only if we act urgently and ambitiously to rapidly limit warming temperatures to 1.5 degC, and truly put children front and centre of our response to climate change."

"With global emissions still rising and the planet only 0.2 degC away from the 1.5 degC threshold, world leaders must step up to reduce greenhouse gas emissions and lessen the climate burden on today's youth," concludes Thiery.

The study was accomplished by researchers from Vrije Universiteit Brussel (VUB), Environment and Climate Change Canada, KU Leuven, the Royal Meteorological Institute of Belgium (RMI), and ETH Zurich.

Supplementary information 

The numbers reported in our new study focus on one single birth cohort: children born in 2020, who are today's five year olds. Climate extremes will affect all generations, with children the most. We are providing therefore here below numbers that take into account all children who are between 5 and 18 years old today, which represents a total population of 1.69 billion children.

Heatwaves 

Under a 1.5 degC pathway, 855 million children aged 5-18 in 2025 face unprecedented lifetime exposure to heatwaves.

Under a 2.7 degC pathway, 1353 million children aged 5-18 in 2025 face unprecedented lifetime exposure to heatwaves.

Under a 3.5 degC pathway, 1509 million children aged 5-18 in 2025 face unprecedented lifetime exposure to heatwaves.

Crop failures 

Under a 1.5 degC pathway, 316 million children aged 5-18 in 2025 face unprecedented lifetime exposure to crop failures.

Under a 2.7 degC pathway, 400 million children aged 5-18 in 2025 face unprecedented lifetime exposure to crop failures.

Under a 3.5 degC pathway, 431 million children aged 5-18 in 2025 face unprecedented lifetime exposure to crop failures.

Wildfires 

Under a 1.5 degC pathway, 119 million children aged 5-18 in 2025 face unprecedented lifetime exposure to wildfires.

Under a 2.7 degC pathway, 134 million children aged 5-18 in 2025 face unprecedented lifetime exposure to wildfires.

Under a 3.5 degC pathway, 147 million children aged 5-18 in 2025 face unprecedented lifetime exposure to wildfires.

Droughts 

Under a 1.5 degC pathway, 89 million children aged 5-18 in 2025 face unprecedented lifetime exposure to droughts.

Under a 2.7 degC pathway, 111 million children aged 5-18 in 2025 face unprecedented lifetime exposure to droughts.

Under a 3.5 degC pathway, 116 million children aged 5-18 in 2025 face unprecedented lifetime exposure to droughts.

River floods 

Under a 1.5 degC pathway, 132 million children aged 5-18 in 2025 face unprecedented lifetime exposure to river floods.

Under a 2.7 degC pathway, 188 million children aged 5-18 in 2025 face unprecedented lifetime exposure to river floods.

Under a 3.5 degC pathway, 191 million children aged 5-18 in 2025 face unprecedented lifetime exposure to river floods.

Tropical cyclones 

Under a 1.5 degC pathway, 101 million children aged 5-18 in 2025 face unprecedented lifetime exposure to tropical cyclones.

Under a 2.7 degC pathway, 163 million children aged 5-18 in 2025 face unprecedented lifetime exposure to tropical cyclones.

Under a 3.5 degC pathway, 163 million children aged 5-18 in 2025 face unprecedented lifetime exposure to tropical cyclones.
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A culturally adapted obesity prevention for Latino families | ScienceDaily
A University of California, Riverside-led research team has adapted an intervention for childhood obesity prevention to better serve Latina mothers, non-maternal caregivers, and families of low-income backgrounds in Inland Southern California. The study, spearheaded by medical anthropologist Ann Cheney, could make significant contributions to public health by ensuring that early childhood obesity prevention strategies begin in infancy with infant feeding and are culturally and linguistically relevant for immigrant communities.


						
The intervention, originally known as Healthy Beginnings, was developed in Australia to address infant feeding practices among low-income mothers. Cheney's team adapted this intervention to meet the unique needs of Latina mothers and their trusted caregivers. By incorporating the feedback of mothers and caregivers, the researchers identified key cultural meanings and family dynamics to shape the intervention's delivery.

"We knew for this intervention to be effective, it had to align with the cultural values and lived experiences of the families it aimed to serve," said Cheney, an associate professor of social medicine, population, and public health in the School of Medicine. "Latina mothers and other senior women like grandmothers are central to the health and well-being of their families. We therefore needed to ensure that the intervention's design reflected their beliefs, practices, and the social and emotional context of their lives. Our study shows that culturally sensitive approaches are crucial for fostering trust, engagement, and sustainable health behaviors."

The research involved Inland Southern California mothers of infants aged four to six months, as well as their caregivers and members of an intervention design and development group. The researchers conducted qualitative interviews and surveys from spring 2021 to winter 2022 to gather data that allowed for adaptations in the intervention's content and delivery methods. Changes included the incorporation of cultural meanings around infant feeding, maternal mental health, and feeding practices, as well as adjustments to intervention delivery methods. Other changes included more frequent sessions, reduced time per session, and the involvement of community health workers to facilitate delivery.

Results from the study highlighted the importance of involving non-maternal caregivers in the adaptation process.

"These caregivers, who play a pivotal role in the daily lives of children, helped shape a program that resonates with the community, ensuring that the intervention is not only effective but also culturally and linguistically appropriate," Cheney said.

Cheney explained that the success of the project underscores the need for public health interventions to consider the broader ecological and social contexts in which families live.




"When we involve families, especially non-maternal caregivers, in the adaptation of programs, we create interventions that have a greater chance of success and sustainability," she said. "This research offers a valuable model for other communities facing similar challenges."

According to Cheney, the study emphasizes the importance of engaging culturally diverse, historically marginalized communities in public health research. Tailored interventions that respect local values enhance acceptance and sustainability of health behaviors, benefiting families and communities, she said.

"The Healthy Beginnings intervention, adapted for Southern California's Latinx population, serves as a model for future obesity interventions in diverse communities in the United States," Cheney added.

Cheney was joined in the research by scientists at UCR, Brown University in Rhode Island, the National Institutes of Health, and UC Irvine.

The research was funded by the National Institute on Minority Health and Health Disparities of the National Institutes of Health under award number U54MD013368.
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Researchers restore antibiotic effect in the event of resistance | ScienceDaily
Bacterial resistance negates the effect of antibiotics in the treatment of infection. Using mouse models, researchers now show that if antibiotics are administered with an enzyme called endolysin, the combined effect protects against infection by resistant bacteria in all bodily organs -- including the brain, which antibiotics alone have difficulty reaching. The results are reported in the journal Molecular Medicine.


						
The World Health Organization has identified antibiotic resistant bacteria as a global health risk. Two important classes of antibiotic are beta-lactams (e.g. penicillin) and macrolides (e.g. erythromycin), which are used to treat life-threatening infections such as meningitis. The fact that the bacteria that cause the disease are becoming resistant is a grave concern, as the patients who have the disease -- and survive -- risk permanent brain and neurological damage.

"There are two main problems in meningitis -- the difficulty antibiotics have crossing the blood-brain barrier and the increase in resistant bacteria," says principal investigator Federico Iovino, associate professor and research group leader at the Department of Neuroscience, Karolinska Institutet. "Our results show that with the supplementation of endolysins, we can restore the effectiveness of antibiotics, even when the bacteria are resistant."

Protected human cells

The protein endolysin is an enzyme derived from a virus called bacteriophage, which kills bacteria by breaking down the bacterial cell. In veterinary medicine, endolysins have been proven effective against udder infections.

In the laboratory, the researchers found that an endolysin called cpl-1 protects human cells from blood and cerebrospinal fluid when exposed to Streptococcus pneumoniae (the pneumococcus), resistant to penicillin or erythromycin. These pneumococci are the primary cause of meningitis globally. Researchers have successfully experimented endolysin combined with penicillin or erythromycin.

"The combination protected nerve cells from infection by resistant pneumococcal strains which have affected patients and which we have been obtained from Swedish hospitals," says the study's first author Niels Vander Elst, postdoctoral researcher in Federico Iovino's group. "This was a significant result, as these are the very bacteria that cause meningitis."

Quickly enters the brain




The researchers then used an animal model for meningitis in which mice were infected with penicillin-resistant pneumococci. While endolysin alone protected against infection, penicillin alone did not. When the mice received a combination of antibiotic and endolysin, they were protected against disease and the antibiotic recovered its effectiveness.

"It takes time for antibiotics to get past the blood-brain barrier, upwards of several days, but endolysin can enter the brain very quickly within a few hours," says Dr Iovino. "Its speed is a unique property that's important since brain neurons start to get damaged as soon as the bacteria are present. It also has another important advantage -- it doesn't give the bacteria time to develop resistance."

Tests on other resistant bacteria to come

Federico Iovino's group now intend to study the effectiveness of endolysin with other types of resistant bacteria in order that it can be used as a powerful weapon against the resistant bacteria that cause serious diseases, not least meningitis.

"For the first time, we've shown that endolysin is effective against the bacteria that cause meningitis," says Dr Iovino. "Our data also bridge earlier gaps in our knowledge by showing that they can pass through the blood-brain barrier and help antibiotics to recover their effectiveness against resistance."

The study was financed by the Swedish Research Council, HRH Crown Princess Lovisa's Association for Paediatric Care, the Magnus Bergvall Foundation, the Ahlen Foundation, the Silent School Foundation, the Wera Ekstrom Fund for Paediatric Research and the Gun and Bertil Stohne Foundation.

Niels Vander Elst has patent applications pending for the endolysin technique.
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Cracking the code: Deciphering how concrete can heal itself | ScienceDaily
Imagine concrete healing its own cracks like human skin recovering from a cut. That's the vision behind the latest research of Dr. Congrui Grace Jin, published in Materials Today Communications. 


						
Addressing one of the most persistent and expensive problems in construction, Jin, an assistant professor in the Department of Engineering Technology and Industrial Distribution, has taken inspiration from nature to develop a synthetic lichen system to enable concrete to self-repair.

Concrete is the most widely used building material on Earth, yet it suffers from the dangerous flaw of cracking easily. These cracks, big or small, can lead to catastrophic structural failure, as witnessed in the collapse of a building, bridge or highway.

The key to overcoming this critical challenge lies in understanding how concrete forms and how to exploit that process. Concrete is made by mixing crushed stone and sand with powdered clay and limestone. When water is added, the combination hardens through a chemical reaction called hydration. Once set, it becomes strong enough to support everything from 18-wheelers crossing bridges to people living in towering skyscrapers. However, natural forces like freeze-thaw cycles, drying shrinkage and heavy loads cause cracks. Even those barely visible to the naked eye can allow liquids and gasses to reach embedded steel reinforcements, causing corrosion and weakening structures.

Discovering cracks before they endanger lives is a high-stakes and costly challenge, with the U.S. annually spending tens of billions of dollars repairing concrete infrastructure. Locating cracks in bridges and highways that are constantly in use is especially difficult.

"Microbe-mediated self-healing concrete has been extensively investigated for more than three decades," says Jin, "but it still suffers from one important limitation -- none of the current self-healing approaches are fully autonomous since they require an external supply of nutrients for the healing agents to continuously produce repair materials." For example, after inspectors go through the laborious process of locating a crack, they may then have to inject or spray nutrients into the crack, which is not practical.

Jin's solution? Harness the power of lichen systems to allow concrete to heal itself without outside intervention.




Lichen is an understated presence in our everyday world, often found clinging to trees and rocks. Its true beauty lies in its unique symbiotic system of fungi and algae, or cyanobacteria, that form a self-sustaining partnership, allowing it to thrive in even the harshest conditions.

With that inspiration, Jin and her researchers, Dr. Richard Wilson, Nisha Rokaya and Erin Carr of the University of Nebraska-Lincoln, with funding by the Young Faculty Award program of DARPA, created a synthetic lichen system that collaborates like natural lichens.

Their system uses cyanobacteria, which turns air and sunlight into food, and filamentous fungi, which produces minerals that seal the cracks. Working together, these microbes survive on nothing more than air, light and water. The autonomy of this system sets it apart from previous self-healing concrete endeavors.

In lab tests, these microbe pairs were able to grow and produce crack-filling minerals even in challenging environments such as concrete.

Jin takes her work beyond the lab to consider wider implications. She is collaborating with professors from Texas A&M University's social science departments to develop a better understanding of the public's perception about using living organisms in construction and the ethical, social, environmental and legal issues involved.

This groundbreaking research has far-reaching potential and applications.

Concrete that can heal itself could significantly reduce maintenance costs, extend its longevity and even protect lives through increased safety. It can also have a dramatic impact in all areas of sustainable construction, including space infrastructure.
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A healthy diet in childhood is linked to starting menstrual periods later, regardless of BMI or height | ScienceDaily
Eating a healthy diet as a child is linked to girls having their first menstrual period at an older age than those who consumed a less healthy diet, according to a new study published today (Wednesday) in Human Reproduction.


						
The findings remained unaltered by the girls' body mass index (BMI) or height, both of which have been associated with the earlier onset of periods.

The study has implications for health in later life as it is well known that women who started their periods at an early age may be at higher risk for diabetes, obesity, breast cancer and diseases of the heart and blood vessels.

Holly Harris, MPH, ScD, an associate professor at the Fred Hutchinson Cancer Center in Seattle, Washington, USA, who led the study, said: "I think our findings highlight the need for all children and adolescents to have access to healthy meal options, and the importance of school-based breakfasts and lunches being based on evidence-based guidelines."

The findings come from a large, prospective study of more than 7,500 children, aged between 9 and 14, who were enrolled in the Growing Up Today Study (GUTS) in the USA in two waves in 1996 and 2004. The researchers followed them through to 2001 and 2008, respectively.

For the first time, the researchers investigated the link between particular diets and the age that periods first started (menarche). They are also the first to examine whether BMI might have a modifying effect on the association between diet and age of menarche. Previous studies have only looked at BMI as something that needs to be considered when analysing results (a confounding factor).

Prof. Harris said: "In previous work that we had conducted in the Nurses' Health Study II, an ongoing prospective cohort, we observed a higher risk of breast cancer among people who consumed an inflammatory-promoting diet during adolescence and early adulthood. Following these results we were interested in understanding whether earlier life dietary intake might influence breast cancer through impact on risk factors for breast cancer that occur between early life and breast cancer, such as age at menarche. This led to the current study where we examined the impact of dietary patterns on age at menarche."

Before their periods started, the children completed questionnaires about their diet when they joined the study and then every one to three years thereafter. They also reported their age when their first period started.




The researchers assessed the girls' diets against two established dietary patterns: the Alternative Healthy Eating Index (AHEI), and the Empirical Dietary Inflammatory Pattern (EDIP). The AHEI awards more points for healthier foods, including vegetables, legumes and whole grains, while unhealthy foods such as red and processed meats, trans fats and salt are awarded fewer points. The EDIP scores diets in a way that reflects their overall potential for causing inflammation in the body. Foods that are linked to greater inflammation include red and processed meat, meat from animal organs, refined grains and high-energy drinks.

A total of 6,992 girls (93% of the whole group) had their first period during the study. Analysis of data from the questionnaires showed that the 20% of girls with the highest AHEI score and who, therefore, had the healthiest diets, were eight percent less likely to have their first period within the next month compared to the 20% of girls who had the lowest AHEI score. The 20% percent of participants with the highest EDIP score, which meant they had the most inflammatory diet, were 15% more likely to have their first period in the next month compared to the 20% who had the lowest EDIP score.

Prof. Harris said: "We observed that these two dietary patterns were associated with age at menarche, indicating that a healthier diet was linked to menstrual periods starting at an older age. Importantly, these results were independent of BMI and height, demonstrating the importance of a healthy diet regardless of body size. As earlier age at menarche is associated with multiple later life outcomes, including higher risk of diabetes, obesity, cardiovascular disease and breast cancer, this may be an important period for trying to reduce the risk of these chronic diseases."

The researchers believe that these results suggest the type of food eaten by girls during childhood and adolescence and its impact on inflammation may be what is influencing the time of menarche, rather than height and BMI.

"As this is the first study to look at these specific dietary patterns it is important to examine the association in other populations. It also highlights that eating a healthy diet, which we know is associated with chronic disease outcomes in later life, could also have benefits in adolescence. Generally, eating fruits, vegetables, whole grains, fatty fish, nuts and legumes, polyunsaturated fatty acids, while limiting intake of red and processed meats, refined grains, sugar-sweetened beverages and added salt, benefits everyone regardless of age," said Prof. Harris.

The researchers now plan to look at childhood and adolescence dietary patterns and body size to see how they may relate to characteristics of menstrual cycles in adulthood.

Strengths of the study include that it collected data on diet in a prospective manner, and it was able to see whether or not BMI and height influenced the association with age at menarche. Limitations include information on diet, weight, height and age at menarche was collected via questionnaires and may be subject to error; the researchers were not able to adjust directly for body fat, as measured by dual-energy X-ray absorptiometry; and the participants were predominately white and so the researchers were not able to see if results varied by race.
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More social parrots have a better vocabulary | ScienceDaily
In the urban parks of Barcelona, Spain, the calls of a tropical parrot fill the air. The bright green monk parakeet, native to South America, has found a new home in European cities. Monk parakeets thrive in huge colonies where they communicate with each other using many distinct sounds -- offering scientists a unique window into understanding the interplay of individual social relationships with vocal variety.


						
For social animals, communication is a key that unlocks the benefits of group living. It's well known that animals with more complex social lives tend to have more intricate ways of communicating, from the clicks and whistles of dolphins to the calls of primates. While this pattern is found broadly in many species, a new study on wild parrots drills deep into the social and vocal lives of individual birds. Researchers at the Max Planck Institute of Animal Behavior (MPI-AB) analyzing the social networks of monk parakeets in Spain have uncovered how an individual's social ties shapes the calls these birds make.

The MPI-AB scientists spent several months over the course of two years closely observing 337 monk parakeets, documenting their social lives as well as recording all their screeches, squawks, and whistles, which totaled 5,599 vocalizations. The team examined these calls in terms of repertoire diversity (how many different sounds a bird can make) and contact-call diversity (how much this specific type of call differs). They also mapped out the birds' social networks, analyzing everything from how often they interacted with others to the strength of their relationships.

Based on this data, the team could conclude that individual parakeets living in larger groups did indeed produce a more variable repertoire of sounds. They also found that female parakeets had a more diverse repertoire than males, which is unusual for birds, they say.

"This research is a really important first step," says Simeon Smeele, the first author of the study. "It really looks like there are some call types that are used uniquely in social situations. And it's really interesting to see that females appear to produce more of these, suggesting they are the more social sex."

Social network analysis showed that parakeets with more central positions in the social structure -- those that were potentially more influential in the group -- tended to have more diverse vocal repertoires. In other words, the most social individuals seemed to have a better vocabulary than less social individuals.

"What I find really exciting is that we were able to link what individuals say to very specific levels of sociality," says Smeele, who conducted the study as a doctoral student at MPI-AB. "For example, close friends that allowed each other to approach within pecking distance sounded less like each other, as if they were trying to sound unique in their little gang."

The results offer clues about the evolution of complex communication including human language. Previous research has demonstrated that sociality is linked to a more diverse repertoire in species ranging from Carolina chickadees to marmosets. This study goes further by showing how vocal communication is shaped by the web of an individual's social network.

Says Smeele: "The next big step is to better understand what each of the sounds mean, a real mammoth task, since most of the social squawking happens in large groups with many individuals talking at the same time!"
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T. rex's direct ancestor crossed from Asia to North America | ScienceDaily

The study, published in Royal Society Open Science, also found that the rapid growth in size of tyrannosaurids (the group that included the T. rex) as well as a closely related group called megaraptors coincided with a cooling of the global climate following a peak in temperatures 92 million years ago.

This suggests T. rex and its cousins might have been better suited to cooler climates than other dinosaur groups at the time, perhaps due to having feathers or a more warm-blooded physiology.

The international team involved researchers from the universities of Oxford, Pittsburgh, Aberdeen, Arizona, Anglia Ruskin, Oklahoma and Wyoming.

Lead author Cassius Morrison, a PhD student at UCL Earth Sciences, said: "The geographic origin of T. rex is the subject of fierce debate. Palaeontologists have been divided over whether its ancestor came from Asia or North America.

"Our modelling suggests the 'grandparents' of T. rex likely came to North America from Asia, crossing the Bering Strait between what is now Siberia and Alaska.

"This is in line with past research finding that the T. rex was more closely related to Asian cousins such as the Tarbosaurus than to North American relatives such as Daspletosaurus.




"Dozens of T. rex fossils have been unearthed in North America but our findings indicate that the fossils of T. rex's direct ancestor may lie undiscovered still in Asia."

The research team concluded that T rex. itself evolved in North America, specifically in Laramidia, the western half of the continent, where it was widely distributed.

They disagreed with conclusions published last year that a T. rex relative, Tyrannosaurus mcraeensis, found in New Mexico, predated T. rex by three to five million years -- a finding that pointed to T. rex having North American ancestry. The team argued that this T. mcraeensis fossil was not reliably dated.

For the new study, the researchers explored how tyrannosaurids and their cousins the megaraptors moved around the globe. They used mathematical models drawing on fossils, dinosaurs' evolutionary trees and the geography and climate of the time. Importantly, the models account for gaps in the fossil record, incorporating uncertainty into the calculations.

Megaraptors are regarded as the most mysterious of the large, meat-eating dinosaurs, as few megaraptor fossils have been found. In contrast to the T. rex, they evolved slender heads and arms as long as a person is tall, with claws up to 35cm (14in) long.

The researchers concluded that megaraptors were more widely distributed across the globe than previously thought, likely originating in Asia about 120 million years ago and spreading to Europe and then throughout the large southern landmass of Gondwana (including present-day Africa, South America and Antarctica).




This would mean megaraptors lived in parts of the world (Europe and Africa) where no megaraptor fossils have been found so far.

It may be that they evolved differently from their tyrannosaurid cousins, with killing claws rather than a powerful bite, because they hunted different prey. In southern Gondwana, they may have preyed on (juvenile) sauropods, whereas T. rex hunted Laramidian species such as Triceratops, Edmontosaurus and Ankylosaurus. 

Both tyrannosaurids and megaraptors grew to gigantic sizes at broadly the same time, as the climate cooled following a peak in global temperatures known as the Cretaceous Thermal Maximum 92 million years ago. This rapid growth followed the extinction of other giant meat-eaters, carcharodontosaurids, which left a vacuum at the top of the food chain.

The researchers suggested that tyrannosaurs -- both tyrannosaurids and megaraptors -- may have been able to better exploit cooler temperatures than rival dinosaur groups.

At the end of the age of the dinosaurs, T. rex weighed up to nine tonnes (about the same as a very large African elephant or a light tank), while megaraptors reached lengths of 10 metres.

Co-author Charlie Scherer, an MSci Earth Sciences graduate and soon to be PhD student at UCL, and founder of UCL's Palaeontology Society, said: "Our findings have shined a light on how the largest tyrannosaurs appeared in North and South America during the Cretaceous and how and why they grew so large by the end of the age of dinosaurs.

"They likely grew to such gigantic sizes to replace the equally giant carcharodontosaurid theropods that went extinct about 90 million years ago. This extinction likely removed the ecological barrier that prevented tyrannosaurs from growing to such sizes."

Co-author Dr Mauro Aranciaga Rolando, from the Bernardino Rivadavia Natural Sciences Argentine Museum, Buenos Aires, Argentina, said: "At the beginning of their evolutionary history, around 120 million years ago, megaraptors were part of a widespread and diverse dinosaur fauna.

"As the Cretaceous period progressed and the continents that once formed Gondwana began to drift apart, these predators became increasingly specialised. This evolutionary shift led them to inhabit more specific environments.

"While in regions like Asia megaraptors were eventually replaced by tyrannosaurs, in areas such as Australia and Patagonia they evolved to become apex predators, dominating their ecosystems."
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Replanted rainforests may benefit from termite transplants | ScienceDaily
Termites -- infamous for their ability to destroy wood -- are rarely welcomed into rainforests that have been painstakingly replanted. But a new paper suggests that termite transplants may be necessary to help regenerating forests to thrive. Published May 6 in the Journal of Applied Ecology and led by scientists from Cary Institute of Ecosystem Studies, the study found that termites are not thriving in replanted rainforests in Australia. Because decomposers like termites are essential for recycling nutrients and carbon, the researchers worry that the insect's slow recovery could hinder the growth and health of the young forests.


						
"People tend to think that by just planting a diversity of trees, these rainforests will regenerate," said Baptiste Wijas, a postdoctoral fellow at Cary Institute and visiting academic at the University of Queensland in Australia. "But it's worth thinking about, should we actually be putting in other organisms as well, to restore other ecosystem processes that help the forest function? In the context of rainforest regeneration, no one really thinks about it at all."

These questions are important, as restored forests make up an increasing proportion of total rainforest area. Reforestation -- the process of transforming agricultural or developed land back into rainforest -- is a popular strategy to preserve biodiversity and pull carbon from the atmosphere.

Wijas and Cary senior scientist Amy Zanne wanted to find out how well decomposers like termites and fungi function in replanted forests, to help predict forest health and carbon sequestration rates.

To check how well the decomposers were bouncing back in regenerated forests, the team placed blocks of wood in three forested areas. One site was in an old growth forest in Australia's Daintree Rainforest, at theJames Cook University Observatory. The other two nearby sites had been replanted with rainforest trees 4 and 8 years prior to the start of the study. The sites were originally lowland rainforest until around 1900, when they were converted into plantations to grow crops such as pineapple, banana, and oil palm. They were later abandoned in the 2000's, before being replanted by a nonprofit called Rainforest Rescue in 2010 and 2014.

For four years, the team checked the wooden blocks at the three sites every six months to see whether they had been discovered by fungi, termites, or both, and they measured how quickly the blocks were decomposing.

The field work could be grueling. "You're sweating all the time, and there are plants that want to attack you everywhere," said Wijas. In one year, the team experienced drought, flooding, fires, temperatures of 113F, and "a zombie cyclone that caught us twice," said Zanne. "It was an epic, biblical year."

Based on previous studies in South American rainforests, the team expected termite activity to be similar in the replanted and old growth forests. They expected fungal decay rates would be lower in the younger forests.




Instead, it turned out to be the opposite. Fungi were fairly resilient, functioning similarly in both the old growth and replanted forests, but a bit slower in the youngest forest. Termites were not so resilient. Although they were present at all three sites, they were slower to decay the wood blocks in the replanted forests than in the old growth forest, even 12 years after reforestation. The slower rate of decay may be due to the size, number, diversity, or maturity of termite colonies at the recovering sites, according to the researchers.

Lower rates of termite-driven decay can mean a slower return of carbon and nutrients back to the soil, which could harm forest health and future growth.

To avoid these negative impacts, the scientists suggest a novel solution: transplanting deadwood logs from old growth rainforests to newer forests. These logs could bring in decomposers from elsewhere, helping to boost abundance and diversity, while also providing a food source for decomposers that are already present.

"A young, regenerating forest doesn't have a lot of deadwood in it," Zanne explained. "So if you bring in these logs, you're giving them some food to tide them over while they wait for parts of trees to start falling down."

The team is also considering transplanting termite mounds straight into the forests along with the deadwood, "which is something that no one's really thought about either," said Wijas.

Neither management approach has been thoroughly studied yet, and will likely be the subject of future research by the authors.




Wijas and Zanne acknowledge that it may be challenging to convince forest managers to transplant termites into their forests. "Many people -- forest managers included -- don't really like termites," Wijas noted. "But they play an important role in having a healthy forest."

Only about 3% of termites are known to damage human homes, Zanne pointed out, while very little is known about the other 97%. She and Wijas are working to better understand the roles that termites have in rainforests and other ecosystems.

"We think termites might be locking up carbon in their nests," said Wijas. "When they eat wood, they're not able to digest all of it, and so the feces they use to build their nests could be quite carbon-rich. They may even lock up more carbon than they emit, but we just don't know yet."

Termites are also associated with nitrogen-fixing bacteria, which provide a form of nitrogen that's vital to tree growth and function.

"Termites and fungi are absolutely critical to forest function," said Zanne. "It would be interesting to see who else returns to the regenerating forests if the termites are there -- perhaps ants, lizards, and gliders that eat termites. Right now we just don't have any idea whether these organisms are coming back in these systems."

Coauthors

Coauthors on the study also included Habacuc Flores-Moreno (Commonwealth Scientific and Industrial Research Organisation in Brisbane, Australia), Steven D. Allison (University of California, Irvine), Lucas A. Cernusak and Alexander W. Cheesman (James Cook University), Paul Eggleton (Natural History Museum, London), Robert M. Kooyman (Macquarie University and Royal Botanic Gardens and Domain Trust in Sydney, Australia), and Jeff R. Powell (Western Sydney University).

Funding

This research was funded by the US National Science Foundation, Ecosystem Studies Cluster, under awards DEB-1655759 and DEB-2149151 to A.E.Z. and DEB-1655340 to S.D.A., as well as UK NERC grant NE/K01613X/1 to P.E.
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Discovery: a better, more targeted termite terminator | ScienceDaily
Drywood termites, the ones that hide in wooden structures, molt about seven times in their lives. UC Riverside researchers have found a chemical preventing them from growing new exoskeletons will also end their infestation of your home.


						
The chemical, bistrifluron, and its ability to kill about 95 percent of a termite colony without off-target effects on mammals, are documented in a paper published in the Journal of Economic Entomology.

"This chemical is more environmentally friendly than ones traditionally used for drywood termite infestations," said Nicholas Poulos, corresponding author of the paper and a doctoral student in UCR's Department of Entomology. "It's specific to insects and can't harm humans."

Unlike humans with skeletons located inside their flesh, termites have exoskeletons on the outside that protect them from the elements. The main component of these external skeletons is chitin, which is also found in fungal cell walls, fish scales, and the beaks of squids and octopi. Chitin also provides mechanical strength for insect exoskeletons, making them suitable as armor as well as sites for muscle attachment.

As termites are getting ready to molt, something they must do in order to grow, they also produce chitin to create the new exoskeleton. Bistrifluron prevents them from doing so.

"Once the termites reach a certain stage, they have to molt. They cannot avoid that," said Dong-Hwan Choe, UCR entomology professor and senior paper author. "With a lethal dose of this chemical, they'll try to shed their old exoskeleton but won't have a new one ready to protect them."

The researchers observed that bistrifluron initially slows the termites down, reducing their feeding activity. Eventually it prevents them from molting, and they die. This is one of the first studies, Choe said, that looks at the impact of chitin-inhibiting chemicals on drywood termites.




"It's been successfully used on subterranean termites, which are also important structural pests," Choe said. "But native western drywood termites are also important, especially in California."

As the termites eat the treated wood, they also spread the chemical to other members of the colony. Full collapse happens in about two months, which is slower than other methods but carries certain advantages in addition to lower toxicity.

"We believe this method of spot treatment can kill a larger colony and spread more easily than current termite control methods," Choe said. "You don't have to apply too much to get a very good result. The chitin synthesis inhibitors show promise as localized treatment for drywood termites."

Traditional fumigation is not only toxic to humans and stressful 3/4 it requires people to bag all of their food and move out of their home 3/4 it also does not keep the termites from returning.

"Low-impact strategies like this one will become an attractive option in many cases. Furthermore, the chemical may stay active in the wood for some time, potentially providing protection from future infestations," Choe said.

Previously, the Choe laboratory discovered a potent yet nontoxic way to lure western drywood termites to their doom. Pinene, a pleasant-smelling chemical released by forest trees, reminds the insects of their food. They follow the scent to wood treated with insecticide.




"We saw significant differences in the death rates using insecticide alone versus the insecticide plus pinene," said Choe. "Without pinene, we got about 70% mortality. When we added it in, it was over 95%.

Moving forward, the researchers are looking into ways to make bistrifluron easier to apply to wood. For the research described in the paper, the chemical was dissolved in acetone and applied to wood. However, in real life, this solvent isn't desirable because it is flammable and smells bad.

"We are working to make it more feasible for practical application in real life scenarios," Poulos said.

Property owners will likely welcome the innovation, as this species of termite causes a great deal of damage. They are endemic to northern Mexico and California, but as the climate warms, their range is expanding north to areas they did not previously inhabit.

"As we move lumber around the world, the termites are constantly transported to new locations. If they find the climate there acceptable, the problem will spread," Choe said. "In areas where these termites are common, it's just a matter of time before homes are infested, so this study is a good initial step toward alternative strategies for controlling them."
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AI has untapped potential to advance biodiversity conservation | ScienceDaily
A new study from McGill University researchers suggests the use of artificial intelligence (AI) to rapidly analyze vast amounts of biodiversity data could revolutionize conservation efforts by enabling scientists and policymakers to make better-informed decisions.


						
A collaboration between a computer scientist, an ecologist and an international team of researchers, the review published in Nature Reviews Biodiversity examines the seven "global biodiversity knowledge shortfalls," gaps in what we know about species, including their distributions and interactions.

"The problem is that we still don't have basic information about nature, which prevents us from knowing how to protect it," said Laura Pollock, lead author on the study and assistant professor in McGill's Department of Biology.

The study, which reviewed the existing literature on the subject, identifies key ways AI can close these knowledge gaps. The researchers found that AI is currently only being used in two of the seven shortfall areas, leaving significant opportunities untapped. AI-powered tools like BioCLIP are already being used to detect species traits from images, aiding in species identification. Hundreds of new insects are being identified with automated insect monitoring platforms, such as Antenna.

But machine learning models trained on satellite imagery and environmental DNA have the potential to map species distributions more accurately than ever before. AI could also help infer species interactions, such as food webs and predator-prey relationships, which remain largely unstudied due to the difficulty of direct observation.

"This research looks at a much broader set of biodiversity questions than previous reviews," said David Rolnick, co-author of the study, Canada CIFAR AI Chair and assistant professor of computer science at McGill. "It was also surprising to see just how narrowly AI is being applied when it has so much potential to address many of these shortfalls."

Looking ahead, the research team emphasizes the importance of expanding data-sharing initiatives to improve AI model training, refining algorithms to reduce biases and ensuring that AI is used ethically in conservation. With global biodiversity targets looming, they say AI, if harnessed effectively, could be one of the most powerful tools available to address the biodiversity crisis.

"AI is changing the way the world works, for better or worse. This is one of the ways it could help us," said Pollock. "Protecting biodiversity is crucial because ecosystems sustain human life."
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Study of velvet worm slime could revolutionize sustainable material design | ScienceDaily
A new discovery about the slime ejected by velvet worms could revolutionize sustainable material design, according to a study by McGill University researchers. Their findings outline how a naturally occurring protein structure, conserved across species from Australia, Singapore and Barbados over nearly 400 million years of evolution, enables the slime's transformation from liquid to fibre and back again. It's a discovery that could inspire next-generation recyclable bioplastics.


						
"Nature has already figured out a way to make materials that are both strong and recyclable," said Matthew Harrington, a chemistry professor and Canada Research Chair in green chemistry, who led the study. "By decoding the molecular structure of velvet worm slime, we're now one step closer to replicating that efficiency for the materials we use every day."

Velvet worms, small caterpillar-like creatures found in humid forests of the southern hemisphere, use their slime to capture prey. When ejected, the slime rapidly hardens into fibres as strong as nylon. The slime dissolves in water and can be reconstituted into new fibres. Until now, the molecular mechanism behind this reversibility remained a mystery.

Using protein sequencing and AI-driven structure prediction (AlphaFold, the 2024 Nobel Prize-winning tool), Harrington's team identified previously unknown proteins in the slime that function similarly to cell receptors in the immune system. The researchers believe the receptor proteins function to link large structural proteins during fibre formation. By comparing two subgroups of velvet worms that separated nearly 380 million years ago, the researchers demonstrated the evolutionary significance and functional relevance of this protein.

A blueprint for recyclable materials

Traditional plastics and synthetic fibres are typically made using petroleum-based precursors and require energy-intensive processes to manufacture and recycle, often involving heat or chemical treatments. The velvet worm, however, uses simple mechanical forces - pulling and stretching -- to generate strong, durable fibres from biorenewable precursors, which can later be dissolved and reused without harmful byproducts.

"Obviously, a plastic bottle that dissolves in water would have limited use, but by adjusting the chemistry of this binding mechanism, we can get around this issue," said Harrington.

The study was co-authored by researchers from McGill University and Nanyang Technological University (NTU) in Singapore. The team's next challenge will be to experimentally verify the binding interactions and explore whether the principle can be adapted for engineered materials.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/05/250506170931.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New drone-assisted 3D model offers a more accurate way to date dinosaur fossils | ScienceDaily
A new study from McGill University is reshaping how scientists date dinosaur fossils in Alberta's Dinosaur Provincial Park (DPP). Using advanced drone-assisted 3D mapping, researchers have uncovered significant variations in a key geological marker, challenging long-standing methods of determining the ages of dinosaur fossils.


						
The researchers say their findings, published in Palaeontologia Electronica, could lead to more accurate reconstructions of ancient ecosystems, helping us better understand Earth's history and how past biodiversity changes inform present and future life.

"We've essentially shown that the dating method used for decades in Dinosaur Provincial Park may not be as reliable as previously thought," said Alexandre Demers-Potvin, a postdoctoral researcher who led the study as a PhD candidate at McGill's Redpath Museum.

Dinosaur Provincial Park is a UNESCO World Heritage Site since it preserves an unparalleled dinosaur fossil record from the Late Cretaceous period. For decades, paleontologists have relied on a distinct rock boundary -- the contact between the Oldman and Dinosaur Park Formations -- as a reference point to estimate the ages of fossil quarries in the park. To do this, they compare how high or low a fossil site is relative to that boundary. However, this method only gives a rough age estimate rather than a precise date, unlike absolute dating methods, which use radioactive elements in rocks to determine exact ages.

The new study reveals that this boundary fluctuates in elevation by as much as 12 metres over short distances, introducing a level of uncertainty that could alter interpretations of when different species lived.

"If the reference point itself varies significantly, then our estimates of individual fossil ages could be off by a considerable margin," said Demers-Potvin.

Building a more accurate timeline

To address these uncertainties, Demers-Potvin and co-author Professor Hans Larsson used drones to capture around a thousand high-resolution images of a key fossil site in the park. These images were processed through a technique called structure-from-motion photogrammetry, which allowed the team to construct a precise 3D model of the terrain which is geolocated with GPS coordinates measured in the field.

The results showed that it might be possible to estimate fossil ages by identifying their source sedimentary layers and tracing those over long distances wherever possible. The researchers say this dating method might be more dependable than referring to the boundary between the Oldman and Dinosaur Park Formations, since it would not require elevation measurements which are now shown to rise and fall by several metres in different areas of the park.

"This opens the door to a more refined approach for understanding how different dinosaur species succeeded one another over time," said Demers-Potvin. "By mapping these sedimentary layers over a broader area, we could develop a much clearer picture of biodiversity shifts in an ancient terrestrial ecosystem."
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Two new crocodile species discovered | ScienceDaily
McGill University researchers, in collaboration with Mexican scientists, have discovered two previously unknown species of crocodiles, one living on the island of Cozumel and the other on the atoll of Banco Chinchorro, both off the Yucatan Peninsula. The findings challenge long-held assumptions about the American crocodile (Crocodylus acutus) and highlight the urgent need for conservation efforts, the researchers say.


						
"Biodiversity is disappearing faster than we can discover what we're losing," said Biology Professor Hans Larsson, the principal investigator. "Most species of crocodiles are already endangered, and rapid shoreline development threatens nearly every population. Our research aimed to uncover the true diversity of crocodiles on these isolated islands."

Larsson and his team analyzed the genetic sequences of crocodile populations from Cozumel and Banco Chinchorro. Comparing these sequences to those of crocodiles across the Caribbean, Central America and Mexico's Pacific coast, they found striking levels of genetic differentiation, leading the researchers to conclude that these populations were not simply variants of Crocodylus acutus. The two new species have not yet been named.

"These results were totally unexpected," former Larsson graduate student and lead author Jose Avila-Cervantes said. "We assumed Crocodylus acutus was a single species ranging from Baja California to Venezuela and across the Caribbean. Our study is the first to extensively explore genomic and anatomical variation in these animals."

This discovery has significant conservation implications, the researchers said. The newly identified species live in small, isolated populations, each numbering fewer than 1,000 breeding individuals. While both populations appear stable, their limited numbers and habitat restrictions make them vulnerable.

"The rapid loss of biodiversity can only be slowed if we know what species are most at risk," said Larsson. "Now that we recognize these crocodiles as distinct species, it's crucial to protect their habitats. Limiting land development and implementing careful conservation strategies on Cozumel and Banco Chinchorro will be key to ensuring their survival."

The research was conducted with the help of local colleagues, including Pierre Charruau at El Colegio de la Frontera Sur in Mexico. The team captured and released crocodiles, collecting blood and scale samples for analysis. Genetic sequencing was carried out at McGill by Jose Avila-Cervantes during his graduate studies, with additional research on skull morphology by fellow McGill graduate student Hoai-Nam Bui.

This research was funded by the Canadian Foundation for Innovation, the Digital Research Alliance of Canada), the Comision Nacional para el Conocimiento y Uso de la Biodiversidad, and the Natural Sciences and Engineering Research Council of Canada.
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Practical new tool created for detecting nanoplastics and microplastics in the environment | ScienceDaily
A team of McGill University researchers has developed a cost-effective, high-throughput technology for detecting nanoplastics and microplastics in the environment.


						
These particles are pervasive, posing health and environmental risks, yet detecting them at the nanoscale has been difficult. The 3D-printed HoLDI-MS test platform overcomes the limitations of traditional mass spectrometry by enabling direct analysis of samples without requiring complex sample preparation. The researchers say it also will work for detection of waterborne plastic particles. HoLDI-MS stands for hollow-laser desorption/ionization mass spectrometry.

"With HoLDI, we provide a method that is effective, quantitative, highly accurate and affordable, making it accessible to researchers worldwide," said Chemistry Professor Parisa Ariya, who led the study published last month inNature's Communications Chemistry. "It requires little energy, is recyclable and costs only a few dollars per sample."

The new method will also advance international co-operation in fighting plastic pollution, in alignment with calls by the United Nations Environment Programme to improve methods, the researchers say.

"Until now, there have been no established universal protocols for nanoplastic detection within the complex environment," Ariya said.

"This technology allows us to pinpoint the major sources of nano and microplastics in the environment," she said. "More importantly, it enables data comparison and validation across laboratories worldwide, a crucial step toward harmonizing global research on plastic pollution."

As part of their study, the researchers identified polyethylene and polydimethylsiloxanes in indoor air, and polycyclic aromatic hydrocarbons in outdoor air.

This work was funded by Natural Sciences and Engineering Research Council of Canada (NSERC), the Canadian Foundation for Innovation (CFI) and National Research Council Canada (NRC).
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Okra, fenugreek extracts remove most microplastics from water | ScienceDaily
The substances behind the slimy strings from okra and the gel from fenugreek seeds could trap microplastics better than a commonly used synthetic polymer. Previously, researchers proposed using these sticky natural polymers to clean up water. Now, they report in ACS Omega that okra and/or fenugreek extracts attracted and removed up to 90% of microplastics in ocean water, freshwater and groundwater.


						
Rajani Srinivasan and colleagues have been exploring nontoxic, plant-based approaches to attract and remove contaminants from water. In one set of lab experiments, they found that polymers from okra, fenugreek and tamarind stick to microplastics, clumping together and sinking for easy separation from water. Srinivasan spoke about successful demonstrations of the plant extracts in freshwater and ocean water at ACS Spring 2022, a meeting of the American Chemical Society. In this next stage of the research, they have optimized the process for okra and fenugreek extracts in various types of water.

To extract the sticky plant polymers, the team soaked sliced okra pods and blended fenugreek seeds in separate containers of water overnight. Then, researchers removed the dissolved extracts from each solution and dried them into powders. Analyses showed that the powdered extracts contained polysaccharides, which are natural polymers. Initial tests in pure water spiked with microplastics showed that:
    	One gram of either powder in a quart (one liter) of water trapped microplastics the most effectively.
    	Dried okra and fenugreek extracts removed 67% and 93%, respectively, of the plastic in an hour.
    	A mixture of equal parts okra and fenugreek powder reached maximum removal efficiency (70%) within 30 minutes.
    	The natural polymers performed significantly better than the synthetic, commercially available polyacrylamide polymer used in wastewater treatment.

Then the researchers tested the plant extracts on real microplastic-polluted water. They collected samples from waterbodies around Texas and brought them to the lab. The plant extract removal efficiency changed depending on the original water source: Okra worked best in ocean water (80%), fenugreek in groundwater (80-90%), and the 1:1 combination of okra and fenugreek in freshwater (77%). The researchers hypothesize that the natural polymers had different efficiencies because each water sample had different types, sizes and shapes of microplastics.

Polyacrylamide is currently used to remove contaminants during wastewater treatment, but the researchers say that okra and fenugreek extracts could serve as biodegradable and nontoxic alternatives.

"Utilizing these plant-based extracts in water treatment will remove microplastics and other pollutants without introducing additional toxic substances to the treated water," says Srinivasan, "thus reducing long-term health risks to the population."

The authors acknowledge funding from the U.S. Department of Energy; Tarleton State University; High Plains Water District located in Lubbock, Texas; the Burnaby Munson Endowed Research Professorship; the National Science Foundation Research Experiences for Undergraduates program; and the Welch Foundation.
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Heat and drought are quietly hurting crop yields | ScienceDaily
More frequent hot weather and droughts have dealt a significant blow to crop yields, especially for key grains like wheat, barley, and maize, according to a Stanford study published this week in Proceedings of the National Academy of Sciences. The analysis finds that warming and air dryness -- a key factor in crop stress -- have surged in nearly every major agricultural region, with some areas experiencing growing seasons hotter than nearly any season 50 years ago. The study also pointed to two important ways that models have missed the mark in predicting impacts so far.


						
"There have been a lot of news stories about crop failures around the world, and often I get asked whether the impacts are happening faster than we expected," said study lead author David Lobell, the Gloria and Richard Kushel Director of Stanford's Center on Food Security and the Environment (FSE). "That motivated a closer look at what's been happening in farms around the world."

The study estimates that global yields of barley, maize, and wheat are 4 to 13 percent lower than they would have been without climate trends. In most cases, the losses have outweighed the benefits of increased carbon dioxide, which can improve plant growth and yield by boosting photosynthesis, among other mechanisms.

"In many ways, the changes farmers are experiencing are completely in line with what climate models predicted, so the overall impact should not be a surprise," said study coauthor Stefania Di Tommaso, a research data analyst at FSE.

An unexpected twist: climate models largely failed to predict the scale of drying in temperate zones like Europe and China. Observed increases in air dryness were far greater than projections had indicated for these regions. By contrast, U.S. farms, especially in the Midwest, experienced far less warming and drying than expected.

"These two big surprises are important to resolve" said Di Tommaso "Of all the uncertainties in climate models, these are the two big ones that matter for global food production."

The authors note that model errors do not only matter for predicting impacts but also for designing adaptations. Past efforts to extend growing seasons with longer-maturing crop varieties, for example, may have missed the mark because models didn't fully capture the drying trends that now threaten those very strategies.




The findings echo concerns raised in a study published in March that found U.S. agricultural productivity could slow dramatically in coming decades without major investment in climate adaptation. Taken together, the studies highlight a growing need for more accurate modeling and smarter adaptation strategies.

"Overall, I think climate science has done a remarkable job of anticipating global impacts on the main grains, and we should continue to rely on this science to guide policy decisions," said Lobell. "If anything, I think the blind spots have been on specialized crops where we don't have as much modeling, but which are very salient to consumers. That includes things like coffee, cocoa, oranges, and olives. All these have been seeing supply challenges and price increases. These matter less for food security but may be more eye-catching for consumers who might not otherwise care about climate change."

Lobell adds that the surprise many people express may simply be because they had been hoping the climate science was wrong, or because they underestimated the impact a 5% or 10% yield loss would have. "I think when people hear 5% they tend to think it's a small number. But then you live through it and see it's enough to shift markets. We're talking about enough food for hundreds of millions of people."

Lobell is also a professor of Earth system science in the Stanford Doerr School of Sustainability, the William Wrigley Senior Fellow at the Stanford Woods Institute for the Environment, and a senior fellow at the Freeman Spogli Institute for International Studies and the Stanford Institute for Economic Policy Research.
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2024 sea level 'report cards' map futures of US coastal communities | ScienceDaily
William & Mary's Batten School & VIMS have released their 2024 U.S. sea level "report cards," providing updated analyses of sea level trends and projections for 36 coastal communities. Encompassing 55 years of historical data, the report cards aid planning and adaptation efforts by analyzing rates of sea level rise and acceleration at each locality and forecasting 2050 water levels.


						
This year, the report cards are consolidated in an interactive dashboard and add data from tide gauge stations in Annapolis, MD; Solomons Island, MD; Yorktown, VA; and Fort Myers, FL.

Most sea level projections are based on an understanding of average global sea level rise. However, sea levels do not rise uniformly across the world. Factors such as geological uplift, land subsidence, ocean currents and other processes all impact regional sea level trends.

"Many people who live near the coast want to know what they can reasonably expect over the next few decades, giving them time to make actionable plans and decisions," says Molly Mitchell, an assistant professor at the Batten School of Coastal & Marine Sciences & VIMS. "Compared to other predictions based on satellite data and global computer models, our reports are created using observed tide gauge data from the past 55 years and reflect the exact experience at the location of the gauge. The annual release of the report cards allows coastal regions to examine if past trends are changing and alter their planning accordingly."

The reports group localities into East Coast, Gulf Coast, West Coast and Alaskan Coast regions. Each report card shows values for monthly sea level averages along with high-and low-water levels caused by storms and other transient events, as well as a decadal signal showing the influence of longer-term climate patterns such as El Nino. Observed rates of acceleration are factored into future projections and are displayed in comparison to a linear trendline that does not account for acceleration.

The projections also show the range of sea level rise within the 95% confidence interval, which allows individuals and municipalities to plan adequately for the highest predicted rates of sea level rise caused by things like storm surge and tidal flooding.

Overall, most locations continue a trend of accelerating sea level rise. However, Mitchell notes that projections have remained mostly uniform since reporting began in 2018, apart from a few notable exceptions.




"One interesting new trend is the acceleration occurring in southeastern states such as South Carolina and Georgia," said Mitchell. "We continue to see the fastest rates of sea level rise in Gulf states like Texas and Louisiana, but many of the East Coast stations are accelerating quite quickly, likely due to patterns of water distribution related to glacial melt from the Greenland ice sheet."

Mitchell also notes that most West Coast localities have been fairly stable, despite past predictions that they would increase rapidly. "This has led to some questions about why," she said.

Information about the processes most affecting regional sea levels is listed on the Batten School & VIMS website: List of cities, states and processes.

Emeritus Professor John Boon launched the sea level report cards in 2018 following the publication of the study Anthropocene Sea Level Change: A History of Recent Trends Observed in the U.S. East, Gulf and West Coast Regions, which showed a notable increase in sea level acceleration rates beginning in 2013-2014.
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Development, agriculture present risks for drinking water quality | ScienceDaily
A new study from North Carolina State University researchers finds that conversion of forests to urban development or agriculture near streams can have harmful effects on water quality downstream, presenting both health concerns and raising the cost of water treatment.


						
Using a model called the Soil and Water Assessment Tool, researchers mapped out the current and projected future effects of four land-use scenarios at 15 water intake locations across the Middle Chattahoochee watershed in Georgia and Alabama. By combining a series of potential socioeconomic outcomes and climate change models reaching out to 2070, researchers examined several potential land use change scenarios to predict their effects on water quality.

Katherine Martin, associate professor in the NC State University College of Natural Resources and co-author of a paper on the study, said that in models where forest cover was converted to other land uses, water quality suffered.

"In terms of aspects of water quality that we have long term data on, two of the biggest are nitrogen levels and the amount of sediment in the water. Looking at those two, in places where we're losing forest cover, we see both of those increasing," she said. "Those are both detrimental to the quality of drinking water, and they require more filtration."

Part of the issue, Martin said, is the relatively high level of fertilizer used in large-scale agriculture. Urban development results in large areas of impermeable surfaces, where rainwater cannot soak into the ground and instead runs off into rivers and streams. This causes the water to carry more sediment into those waterways than it would if it had been absorbed into the ground.

Increased filtration has several knock-on effects, Martin said. Not only is it potentially harmful for aquatic life, but it also increases the cost of managing water treatment plants. For facilities that do not serve large populations, this can lead to large per-capita price increases that end up being passed on to residents. These areas are also more likely to see increased development, due to their abundance of open land. The study suggests that more attention should be paid to where development might have serious effects on water quality for people living nearby, Martin said.

"Agriculture and urban development are beneficial, and this study does not say otherwise," she said. "What we are seeing is that there are tradeoffs when we lose forest cover, and we need to open up the conversation about those."

This work was supported by the U.S. Department of Agriculture Forest Service Southern Research Station agreement number 20-CS-11330180-053.
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Slickrock: Geologists explore why Utah's Wasatch Fault is vulnerable to earthquakes | ScienceDaily
About 240 miles long, Utah's Wasatch Fault stretches along the western edge of the Wasatch Mountains from southern Idaho to central Utah, running through Salt Lake City and the state's other population centers. It's a seismically active normal fault, which means it is a fracture in the Earth's crust that has moved many times in the past.


						
"Normal faults are observed along different tectonic systems, where the tectonic plates are moving apart," says Utah State University geophysicist Srisharan Shreedharan. "The Wasatch Fault forms the eastern edge of the Basin and Range geologic province, which has stretched and broken over millions of years."

Shreedharan, assistant professor in USU's Department of Geosciences, says normal faults generally look like two slabs of rock, where one slab, the "hanging wall," moves downward relative to the other slab, the "footwall."

"The dip angle of the sliding surface tends to be steep, often between 45-90 degrees," he says. "The Wasatch Fault plunges, toward the west, at a steep angle at the surface in the Salt Lake City area."

A steep angle could mean seismic activity may be dampened during an earthquake and spare inhabitants and buildings from much injury and damage on the surface.

"But the 2020 earthquake Magna earthquake, which occurred at about 9 kilometers depth west of Salt Lake City, caused injuries and resulted in nearly $50 million in property damages," Shreedharan says. "It was a wake-up call. We want to understand how and why it happened at such a shallow depth, if the Wasatch Fault dips so steeply at the surface."

With USU Geosciences Associate Professor Alexis Ault and doctoral student Jordan Jensen, Shreedharan has published new findings about why earthquakes occur along the Wasatch Fault and why communities along the fault are more vulnerable to earthquake damage than previously thought. Their paper appeared in the April 25 online edition of Geology, a peer-reviewed journal of the Geological Society of America. The research is supported by the U.S. Geological Survey's Earthquake Hazards Program.




Using rock samples collected from the fault, Shreedharan combined experiments and analysis in his Rock Deformation and Earthquake Mechanics lab with Ault's investigative expertise in earthquake geology and fault rock textures at USU's Microscopy Core Facility. Their research revealed significant clues about the Wasatch Fault's earthquake risk.

"Although the Wasatch Fault dips sharply at Salt Lake City, it curves more gently at depth as it moves west and is probably oriented at a much shallower angle at earthquake depth than expected," Shreedharan says. "This means that an earthquake rupture could lead to stronger, more intense shaking at the surface -- meaning a greater chance of injury and destruction."

Further, the scientists discovered earthquake slip is possible along the shallowly dipping portion of the Wasatch Fault because the fault rocks themselves are much weaker -- worn down and slicker -- than the surrounding, undamaged rock.

"It turns out this weak frictional behavior, which we characterized with deformation experiments and microscopy, is a product of deformation that happened more than 1.7 billion years ago when what is now the Wasatch Fault was at even greater depths within the Earth," Ault says. "Repeated past earthquakes since then have further modified the fault properties through time, priming the fault rocks to fail again in a future event."

Understanding how one rock is frictionally weaker than another, Shreedharan says, is like comparing ice to sand.

"You can envision how slick rock can slide more easily and at lower angles than a rock with a rough surface," he says. "This process is happening continuously, though at a very slow pace, under our feet."

Ault says USU, with its interdisciplinary team of earthquake scientists and engineers, is uniquely positioned to study Utah's earthquake history, future risks and help build resilience.
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Breakthrough in fuel cell recycling turns 'forever chemicals' into renewable resources | ScienceDaily
A new technique that uses soundwaves to separate materials for recycling could help prevent potentially harmful chemicals leaching into the environment.


						
Researchers at the University of Leicester have achieved a major milestone in fuel cell recycling, advancing techniques to efficiently separate valuable catalyst materials and fluorinated polymer membranes (PFAS) from catalyst-coated membranes (CCMs).

This development addresses critical environmental challenges posed by PFAS -- often referred to as 'forever chemicals' -- which are known to contaminate drinking water and have serious health implications. The Royal Society of Chemistry has urged government intervention to reduce PFAS levels in UK water supplies.

Fuel cells and water electrolysers, essential components of hydrogen-powered energy systems, powering cars, trains and buses, depend on CCMs containing precious platinum group metals. However, the strong adhesion between catalyst layers and PFAS membranes has made recycling difficult. Researchers at Leicester have developed a scalable method using organic solvent soaking and water ultrasonication to effectively separate these materials, revolutionising the recycling process.

Dr Jake Yang from the University of Leicester School of Chemistry said: "This method is simple and scalable. We can now separate PFAS membranes from precious metals without harsh chemicals -- revolutionising how we recycle fuel cells. Fuel cells have been heralded for a long time as the breakthrough technology for clean energy but the high cost of platinum group metals has been seen as a limitation. A circular economy in these metals will bring this breakthough technology one step closer to reality."

Building on this success, a follow-up study introduced a continuous delamination process, using a bespoke blade sonotrode that uses high frequency ultrasound to split the membranes to accelerate recycling. The process creates bubbles that collapse when subjected to high pressure, meaning the precious catalysts can be separated in seconds at room temperature. The innovative process is both sustainable and economically viable, paving the way for widespread adoption.

This groundbreaking research was carried out in collaboration with Johnson Matthey, a global leader in sustainable technologies. Industry-academia partnerships such as this underscore the importance of collective efforts in driving technological progress.

Ross Gordon, Principal Research Scientist at Johnson Matthey, said: "The development of high-intensity ultrasound to separate catalyst-loaded membranes is a game-changer in how we approach fuel cell recycling. At Johnson Matthey, we are proud to collaborate on pioneering solutions that accelerate the adoption of hydrogen-powered energy while making it more sustainable and economically viable."

As fuel cell demand continues to grow, this breakthrough contributes to the circular economy by enabling efficient recycling of essential clean energy components. The researchers' efforts support a greener and more affordable future for fuel cell technology while addressing pressing environmental challenges.
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Breakthrough discovery uses gut bacteria and AI to diagnose a chronic pain syndrome | ScienceDaily
McGill University researchers, in collaboration with colleagues in Israel and Ireland, have developed AI technology that can detect patterns in gut bacteria to identify complex regional pain syndrome (CRPS) with remarkable accuracy, potentially transforming how CRPS is diagnosed and treated.


						
CRPS, estimated to affect between 400,000 and 2.1 million people worldwide, typically develops in a limb after injury or surgery and can lead to long-term disability. It causes severe, persistent pain -- often far worse than the initial injury -- along with swelling and changes in skin colour and temperature.

"CRPS remains challenging to treat, with patients often experiencing prolonged suffering before receiving appropriate care," said senior author Dr. Amir Minerbi, Director of the Institute for Pain Medicine at Rambam Health Campus in Haifa, Israel, and senior lecturer at the Technion -- Israel Institute of Technology.

A 'microbiome signature' of CRPS

The study, published in the journal Anesthesiology, used advanced machine learning to analyze gut microbiome samples from two cohorts, one from Israel and one from Canada.

"What's remarkable about this study is that we trained our machine learning algorithms on high quality microbiome data from patients in Israel and successfully predicted CRPS in Canadian patients with over 90-per-cent accuracy," said Emmanuel Gonzalez, lead author and member of the McGill Centre for Microbiome Research and Canadian Centre for Computational Genomics.

"This is extraordinary because factors like geography, climate, diet and natural variation between people typically create large microbiome differences. Yet, our AI approach seems to have identified a common 'microbiome signature' of CRPS, suggesting microbiome-based diagnostics could work across populations in different countries."

The research identified significant differences between the gut bacteria of CRPS patients and pain-free individuals.




Findings suggest some people might be prone to CRPS

Surprisingly, the researchers also found that even patients whose symptoms completely disappeared after limb amputation still had the same gut bacteria pattern, or microbiome signature, linked to CRPS.

"This persistent signature suggests the gut microbiome might make some people more prone to developing CRPS, with an injury or other event triggering the condition," said Dr. Yoram Shir, Professor in the Department of Anesthesia at McGill's Faculty of Medicine and Health Sciences, who led the clinical work in Montreal.

The findings were based on analyses of 120 microbiome and over 100 plasma samples, making this one of the largest-ever investigations of the gut microbiome in connection with chronic pain conditions.
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Do manta rays benefit from collective motion? | ScienceDaily
From bird flocking to fish schooling, many biological systems exhibit some type of collective motion, often to improve performance and conserve energy. Compared to other swimmers, manta rays are particularly efficient, and their large aspect ratio is useful for creating large lift compared to drag. These properties make their collective motion especially relevant to complex underwater operations.


						
To understand how their group dynamics affect their propulsion, researchers from Northwestern Polytechnical University (NPU) and the Ningbo Institute of NPU, in China, modeled the motions of groups of manta rays, which they present in Physics of Fluids, by AIP Publishing.

"As underwater operation tasks become more complex and often require multiple underwater vehicles to carry out group operations, it is necessary to take inspiration from the group swimming of organisms to guide formations of underwater vehicles," said author Pengcheng Gao. "Both the shape of manta rays and their propulsive performance are of great value for biomimicry."

Based on photographs of real manta ray configurations, the researchers studied different formations of three manta rays: in tandem, in a triangular setup with one manta ray in front leading two behind, and in an inverse triangular configuration with one manta ray trailing the other two.

They found the tandem formation only significantly increases propulsion for the middle manta ray, whose performance directly determines the performance of the entire group. The two triangular setups both result in overall decreased efficiency compared to a single swimmer on its own. These findings can help optimize formations for underwater vehicle operations.

"The tandem formation and the triangular formation are the formations that manta rays often use during group swimming," said Gao. "This biological information also supports the idea that a small group of three individuals can be used as a basic unit for more complex group swimming."

In nature, manta rays swim in numbers ranging from pairs all the way up to swarms of thousands. However, previous studies have only considered manta rays in pairs or on their own. Because Gao and the team expanded the study into a unit of three, their findings can be extended into a larger number of swimmers by considering larger groups to be composites of those modeled in the paper.

"Future research should focus on the performance of group swimming under the coupling of multiple factors, such as formations, spacing, and motion differences, in addition to considering the combination of deep learning algorithms to achieve active control of the motion parameters of the individual in the group," said Gao.
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Food as medicine: How diet shapes gut microbiome health | ScienceDaily
The modern Western-style diet -- high in processed foods, red meat, dairy products, and sugar -- alters the composition of the gut microbiome in ways that can have a huge impact on health. This dietary pattern, which is also low in fruits, vegetables, and whole grains, reduces the variety of microbes in the digestive system and the metabolites they produce. This, in turn, increases risk for several immune system-related conditions such as inflammatory bowel disease.


						
In new research published in Nature, researchers from the University of Chicago show how mice fed a Western-style diet are not able to rebuild a "healthy," diverse gut microbiome following antibiotic treatment. These mice were also more susceptible to infection by pathogens like Salmonella. However, mice given food loosely mimicking a Mediterranean diet -- high in plant-based fiber from fruits, vegetables, and whole grains -- were able to quickly restore a healthy and resilient gut microbiome after antibiotics.

"We were really surprised by how dramatically different the recovery process is in the mice on the Western-style diet versus the healthier one," said Megan Kennedy, a student in the Medical Scientist Training Program at UChicago and lead author of the study.

Rebuilding after a forest fire

Antibiotics can have a devastating effect on the gut microbiome. While often given to treat infections by specific pathogens, antibiotics are indiscriminate and can wipe out entire communities of bacteria, both the bad ones causing disease and the good, commensal ones that help keep us healthy.

Eugene B. Chang, MD, Martin Boyer Professor of Medicine at UChicago, a senior author on the study and one of Kennedy's PhD advisors, likens this to a forest fire -- meaning that natural rules of ecology apply when rebuilding the community of bacteria in the gut. This analogy is fitting, given that Kennedy's other advisor, Joy Bergelson, PhD, formerly of UChicago, studies how plants interact and co-evolve with microbes. Bergelson, another senior author on the study, is now Silver Professor of Biology at New York University and Executive Vice President of Life Sciences at the Simons Foundation.

"The mammalian gut microbiome is like a forest, and when you damage it, it must have a succession of events that occur in a specific order to restore itself back to its former health," Chang said. "When you are on a Western diet, this does not happen because it doesn't provide the nutrients for the right microbes at the right time to recover. Instead, you end up with a few species that monopolize these resources, and don't set the stage for other organisms that are required for recovery."

Unfortunately, overuse of antibiotics and the Western diet are common in the United States. This led Kennedy and Chang to explore how this combination of microbiome-disrupting practices affects gut health.




They started with mice that were fed with food mimicking a typical Western-style diet (WD) or a diet of regular mouse chow (RC) with diverse sources of plant fiber and low fat. Both groups were then treated with antibiotics. Later, some mice continued the same diet, while some were switched to the other diet.

The researchers also reintroduced microbes to the mice after antibiotics through fecal microbial transplant (FMT). The rationale behind using FMT is that it can restore a healthy equilibrium in the gut by transferring microbes in the stool from healthy animals to another.

When the researchers analyzed the makeup of microbes in these different test groups, they saw that only the mice on RC, either before or after antibiotics, were able to recover to a healthy equilibrium of microbes. Further analysis by Christopher Henry, PhD, a computational biologist at Argonne National Laboratory, and his group showed that this diet promotes networks of metabolites that set the stage for microbes to rebuild a healthy ecosystem.

FMT had a negligible impact on recovery, however, among the mice on WD after antibiotics. These mice were also susceptible to infection with Salmonella, a common intestinal pathogen.

"It doesn't seem to matter what microbes you're putting into the community through FMT, even if it's matched in every way possible to the ideal transplant," Kennedy said. "If the mice are on the wrong diet, the microbes don't stick, the community doesn't diversify, and it doesn't recover."

Eat your fruit and vegetables, again

Kennedy and Chang say this shows how diet builds the crucial foundation for a diverse, robust, and resilient gut microbiome. Besides promoting overall good health, one potential clinical application is using diet to treat infections in patients following cancer treatment or organ transplants. These patients are often placed on powerful antibiotics and immunosuppressant drugs, which can lead to infections with multidrug-resistant bacteria. Adding more antibiotics would only compound the situation. Instead, Chang said, "Maybe we can use diet to rebuild the commensal microbes that have been suppressed under these therapies. We can restore the healthy microbiome much quicker and prevent the emergence of more multidrug-resistant organisms."




Despite the new details on how diet changes the gut microbiome, the study also repeats the same message parents have been telling their kids since time immemorial: eat your fruits and vegetables, they're good for you. But both researchers also recognize they can't expect everyone to become vegans overnight for the sake of their health.

Kennedy suggests that people could think about adding more healthy foods to their diet to prepare for an upcoming surgery when they know they'll be taking antibiotics. Chang is also working on what he calls a "have your cake and eat it too" approach, where people could take custom supplements to bolster their gut health, even if they don't drastically change their diet.

"I've become a believer that food can be medicinal," Chang said. "In fact, I think that food can be prescriptive, because we can ultimately decide what food components are affecting which populations and functions of the gut microbiome."

The study, "Diet outperforms microbial transplant to drive microbiome recovery in mice," was supported by the National Institutes of Health, the Gastrointestinal Research Foundation of Chicago, the Simons Foundation, the U.S. Department of Energy and collaborators at the Chinese University of Hong Kong funded by the Innovation and Technology Council of Hong Kong.
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Scientists discover a new way to convert corn waste into low-cost sugar for biofuel | ScienceDaily
Scientists at Washington State University have found a new way to produce sugar from corn stalks and other crop waste, potentially opening a new pathway to sustainable biofuels.


						
Newly published in Bioresource Technology, their experimental process used ammonium sulfite-based alkali salts to convert corn stover -- leftover corn stalks, husks, and other residues -- into low-cost sugar for production of biofuels and bioproducts, making the process more economically feasible.

"Inexpensive sugar is the key to commercial success for new technologies that make fuels and useful products from renewable biomass," said Bin Yang, professor at WSU's Department of Biological Systems Engineering and a lead investigator on the study.

Yang and collaborators at the University of Connecticut, the National Renewable Energy Laboratory (NREL), the USDA Forest Products Lab in Madison, Wisconsin, and Washington University in St. Louis, Missouri, sought a cost-competitive way to efficiently turn cellulosic biomass -- residues from corn and other tough, lignin- and cellulose-rich crops -- into sugar.

Abundant and cheap, biomass holds great potential as a source of energy and valuable chemicals. But its high cost of processing, due to the difficulties in breaking down complex structural molecules like cellulose and lignin, remains a major challenge.

To unlock the vast potential benefits of this resource, it's essential to develop new pretreatment technologies that can better break down complex polymers to produce affordable sugars.

In the paper, scientists describe how they developed a process that pretreats corn stover with potassium hydroxide and ammonium sulfite at mild temperatures. The treatment allows enzymes to break down cellulosic polymers into sugar, which can then be fermented into biofuels and bioproducts without the need for chemical recovery.




They calculated that, by offsetting the cost of production through byproduct uses or sales, the resulting sugar could be sold for as low as 28 cents per pound, making it competitive with low-cost imported sugar.

"This patent-pending process produces high-quality fermentable sugar for the biorefinery -- the industrial process turning plant matter into fuel -- as well as fertilizer that can replenish soil nutrients for farmers," Yang theorized. "There's no waste stream."

The project was funded by the U.S. Department of Energy's Bioenergy Technologies Office.

"In the next phase, we will be advancing our pretreatment technology at a pilot scale," said Xiaowen Chen, a scientist at NREL and principal investigator on the project.
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Sustainability often used as a buzzword in agricultural genomics | ScienceDaily
Analysis by University of Adelaide researchers has found that claims about sustainability are increasing in agricultural genomics research, but the term is often not well-defined, leading to potential concerns about the impact and credibility of the research.


						
"The term 'sustainability' is often used in academic papers as a buzzword rather than a scientific concept or used uncritically without reflecting on implications or metrics associated with the definitions utilised," says lead author Chris Wenzl, from the University of Adelaide's Food Values Research Group and the ARC Centre for Future Crops.

"Sustainability, as a concept, has evolved over time and is now commonly viewed through three lenses: social, economic, and environmental. These perspectives are often referred to as the 'three pillars of sustainability' or the 'triple bottom line'.

"However, some forms of agriculture may be economically sustainable and contribute to social sustainability, especially in rural communities, but be in tension with common definitions of environmental sustainability, and vice versa.

"Because of the concept's wide and increasingly popularised usage yet competing definitions, it is critical that academics ensure their claims about sustainability are grounded in clear definitions and explications, particularly with regard to how it is being assessed and measured."

Wenzl suggests academics could use concrete measures to ensure claims about concepts such as sustainability are communicated and understood more clearly by what is likely an increasingly diverse readership, including the public.

"Our analysis of 214 research papers found that most sustainability claims in agricultural genomics publications are causal claims, rather than being merely descriptive or general. These types of claims propose a cause-and-effect relationship, which sets a very high bar for proof and evidence," says Wenzl, whose study was published in The Plant Journal.




"In the best-case scenarios, researchers would define multifaceted and complex concepts like sustainability by explicitly citing credible academic sources in their work and providing details about how this definition relates specifically to their scientific results."

While Wenzl's study focuses on agricultural genomics, the concerns it raises about lack of grounding for sustainability claims could be applied to other scientific concepts and fields.

"Claims such as efficiency, climate resilience, food security, and many of the concepts associated with the United Nations' sustainable development goals, can mean different things depending on the context and should not be simply used as buzzwords to justify or amplify scientific research without clear definitions and evidence-based arguments," Wenzl says.

"Using clear, foundational questions -- who, what, where, when, why, and how -- can make complex concepts more understandable and concrete. These questions also encourage deeper engagement with key concepts throughout a paper, not just in the title, abstract, introduction and conclusion.

"Collaborating across disciplines can also add valuable perspectives and tools that help refine claims, strengthen evidence, and enhance the real-world impact of research."
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How hunting harriers home in on their prey | ScienceDaily
Owls, well adapted to hearing the exact location of prey, have something in common with an unrelated group of raptors -- harriers.


						
A new study led by Canadian and Australian researchers has found that harriers across the world are able to keep a much better ear out for their next meal than previously thought.

The international team of University of Lethbridge and Flinders University researchers made the discovery when they found unexpected owl-like traits in the ear and brain of several harrier species, such as the Australian spotted harrier.

The new article published in Journal of Anatomy features the work of the Iwaniuk Lab at the University of Lethbridge in Alberta and Associate Professor Vera Weisbecker's 'Bones and Diversity Lab' at Flinders University in South Australia.

University of Lethbridge PhD student Sara Citron, who led the study, says owls have fine-tuned hearing abilities, allowing some of their species to locate prey in complete darkness.

"Until recently, it was assumed that all their hearing adaptations were unique to owls. However, our study shows that harriers have independently evolved several key adaptations for finding prey by sound," she says.

The research team focused on harriers -- a group of hawks found in North America, Australia, NZ, Europe, and parts of Africa and Asia -- because they show some unusual, owl-like hunting behaviours.




Senior author and PhD supervisor Dr Andrew Iwaniuk, Associate Professor at the Canadian Centre for Behavioural Neuroscience, says: "Hawks tend to hunt primarily by sight. But unlike other hawks, harriers fly low over tall grass with their beak pointed to the ground.

"During this so-called 'quartering flight', they are not only looking for prey, they are also listening for it," he says.

Co-author Aubrey Keirnan, a PhD student at Flinders University who is also co-supervised by Dr Iwaniuk and Associate Professor Weisbecker, says that simply by looking at the harrier, you can see similarities with owls.

"The Australian Spotted Harrier is a great example," she says. "When you look at this species' face, you can see a distinctive disc-shaped face, which may improve their prey localisation just like owls."

The discovery matches older behavioural studies showing that harriers can locate sounds with similar accuracy to owls, but how they did this has been a mystery.

Using specimens from wildlife rehabilitators and museums in Australia and Canada, the team examined the anatomy of the skull and brain of harriers and other closely related hawk species such as the wedge-tailed eagle.




They found that, like owls, harriers have enlarged ear openings and two expanded brain regions that are essential for calculating where a sound is coming from.

"These auditory nuclei are found in the brainstem and compare the time at which sounds arrive at the left or right ear," says co-author Associate Professor in evolutionary biology Vera Weisbecker, from Flinders University's College of Science and Engineering.

"If a sound arrives at both ears at the same time, then the sound is coming from directly in front of an animal. If there is a delay, this indicates that the prey is more to the left or right," she says.

"By having these two brain regions expanded, harriers can make such computations more accurately than other hawks, allowing them to locate where a potential rat, mouse or other prey is hiding in the grass."

"Harriers have therefore evolved an auditory system similar to owls, enabling them to target sounds as accurately as owls in a remarkable example of convergent evolution of both brain and behaviour in animals separated by over 60 million years," adds first author Ms Citron.

The team is careful to point out that the auditory system of many owls is far more sophisticated than that of harriers. This explains the ability of some owl species, such as the barn owl, to hunt in complete darkness whereas hawks only hunt during the day.

"There are several other features that help owls with their keen hearing which we did not find in harriers. For example, some owl species have asymmetric ears that allow them to locate sound with greater acuity, and these owls also have several other enlarged brain regions that were not enlarged in harriers," says Ms Citron.

The team hopes their study results will encourage further research on bird anatomy to find out how a species perceives its surrounds.

"Anatomical studies like ours are a window into how a bird perceives the world around it, which can be extremely useful for bird conservation," adds Dr Iwaniuk. "For example, harriers' reliance on sound for prey location means that they are likely more sensitive to traffic and industrial noise. This could be contributing to the large decreases in Northern Harrier populations we have seen in Canada."
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        Warming climate making fine particulate matter from wildfires more deadly and expensive
        Scientists say human-caused climate change led to 15,000 additional early deaths from wildfire air pollution in the continental United States during the 15-year period ending in 2020.

      

      
        Groundbreaking device instantly detects dangerous street drugs, offering hope for harm reduction
        Groundbreaking device instantly detects dangerous street drugs, offering hope for harm reduction A portable device that instantly detects illicit street drugs at very low concentrations, thereby highlighting the risks they pose. The device has the potential to address the growing global problem of people unknowingly taking drugs that have been mixed with undeclared substances, including synthetic opioids such as fentanyl and nitazenes.

      

      
        The world's wealthiest 10% caused two thirds of global warming since 1990
        Wealthy individuals have a higher carbon footprint. A new study quantifies the climate outcomes of these inequalities. It finds that the world's wealthiest 10% are responsible for two thirds of observed global warming since 1990 and the resulting increases in climate extremes such as heatwaves and droughts.

      

      
        New study tracks air pollution and CO2 emissions across thousands of cities worldwide
        In a sweeping new study of more than 13,000 urban areas worldwide, researchers have mapped air pollution levels and carbon dioxide emissions, providing comprehensive global analysis of urban environmental quality.

      

      
        Losing a parent may increase children's risk of being bullied
        A new study surveyed 21,000 children in China and found that the association between parental bereavement and school bullying varied by sex of the child and deceased parent, age when the death occurred, and geographical area. Adolescents in rural areas, girls, and older youth (ages 13-17) were at higher risk of bullying after either parent died.

      

      
        Is virtual-only couture the new clothing craze?
        As fast fashion continues to fill wardrobes and landfills at a staggering pace, new research suggests that the future of fashion might lie not in fabric, but in pixels.

      

      
        Climate change: Future of today's young people
        Climate scientists reveal that millions of today's young people will live through unprecedented lifetime exposure to heatwaves, crop failures, river floods, droughts, wildfires and tropical storms under current climate policies. If global temperatures rise by 3.5 C by 2100, 92% of children born in 2020 will experience unprecedented heatwave exposure over their lifetime, affecting 111 million children. Meeting the Paris Agreement's 1.5 C target could protect 49 million children from this risk. This is only for one birth year;...

      

      
        Sustainability often used as a buzzword in agricultural genomics
        Claims about sustainability are increasing in agricultural genomics research, but the term is often not well-defined, leading to potential concerns about the impact and credibility of the research, according to a recent study.

      

      
        Cutting greenhouse gases will reduce number of deaths from poor air quality
        Up to 250,000 deaths from poor air quality could be prevented annually in central and western Europe by 2050 if greenhouse gas emissions are drastically reduced, say researchers.

      

      
        Neighborhood stress may impact kids' brains -- and increase depression risk
        Children who grow up in disadvantaged neighborhoods -- areas with higher levels of crime and deprivation, and lower access to community resources -- are at risk of developing depression, and new research may help to explain why.

      

      
        Structural barriers may prevent cancer care for people living with HIV
        People living with HIV are less likely to receive potentially lifesaving cancer treatment if they live in communities with lower income levels and educational attainment, according to a new US national study.

      

      
        Gorilla study reveals complex pros and cons of friendship
        Friendship comes with complex pros and cons -- possibly explaining why some individuals are less sociable, according to a new study of gorillas.

      

      
        Children as young as five can navigate a 'tiny town'
        Neuroscientists are developing methods to map the brain systems that allow us to recognize and get around our world.

      

      
        Spanking and other physical discipline lead to exclusively negative outcomes for children in low- and middle-income countries
        Physically punishing children in low- and middle-income countries (LMICs) has exclusively negative outcomes -- including poor health, lower academic performance, and impaired social-emotional development -- yielding similar results to studies in wealthier nations, finds a new analysis.

      

      
        Artificial oxygen supply in coastal waters: A hope with risks
        Could the artificial introduction of oxygen revitalise dying coastal waters? While oxygenation approaches have already been proven successful in lakes, their potential side effects must be carefully analysed before they can be used in the sea. This is the conclusion of researchers from GEOMAR Helmholtz Centre for Ocean Research Kiel and Radboud University in the Netherlands. In an article in the scientific journal EOS, they warn: Technical measures can mitigate damage temporarily and locally, but...

      

      
        Space junk falling to Earth needs to be tracked:  Meteoroid sounds can help
        Space junk and meteoroids are falling to Earth every year, posing a growing risk as they re-enter the atmosphere at high speeds. Researchers are using infrasound sensors to track these objects, including bolides, which are meteoroids breaking apart in the sky. New research shows that infrasound signals can help track these objects, but the trajectory needs to be considered, especially for objects entering at shallow angles. This study highlights the importance of improving monitoring techniques f...

      

      
        Our ability to recognize objects depends on prior experience
        New findings suggest neurons have much more functional dexterity than scientists previously realized.

      

      
        The secret to happiness lies within you, or society -- or both
        What is the secret to happiness? Does happiness come from within, or is it shaped by external influences such as our jobs, health, relationships and material circumstances? A new study shows that happiness can come from either within or from external influences, from both, or neither -- and which is true differs across people.

      

      
        Using principles of swarm intelligence, study compared platforms that allow brainstorming among large groups
        A next-generation technology developed in 2023, conversational swarm intelligence (CSI), combines the principles of ASI with the power of large language models.

      

      
        Study shows how millions of bird sightings unlock precision conservation
        A groundbreaking study reveals that North American bird populations are declining most severely in areas where they should be thriving. Researchers analyzed 36 million bird observations shared by birdwatchers to the Cornell Lab's eBird program alongside multiple environmental variables derived from high-resolution satellite imagery for 495 bird species across North America from 2007 to 2021.

      

      
        Exposure to extreme heat and cold temperature is leading to additional preventable deaths, new 19-year study suggests
        Urgent action must be taken to reduce the ever-rising number of people killed by extreme temperatures in India, say the authors of a new 19-year study which found that 20,000 people died from heatstroke in the last two decades. Cold exposure claimed another 15,000 lives.
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Warming climate making fine particulate matter from wildfires more deadly and expensive | ScienceDaily
Scientists say human-caused climate change led to 15,000 additional deaths from wildfire air pollution in the continental United States during the 15-year period ending in 2020.


						
About 35% of the additional deaths attributed to climate change occurred in 2020, the year of the historic Labor Day fires in the Pacific Northwest as well as major blazes in California, Colorado and Arizona.

The study, led by an Oregon State University researcher and published in Nature Communications Earth & Environment, is the first to quantify how many people are dying because a warming climate is causing fires to send increasing amounts of fine particulate matter into the air, especially in the West.

The scientists estimate that during the study period a total of 164,000 deaths resulted from wildfire PM2.5, particles with a diameter of 2.5 micrometers or smaller that can be inhaled deeply into the lungs and even enter the bloodstream. They determined that 15,000 of those deaths were attributable to climate change -- meaning that absent climate change, the total would have been 149,000.

The average annual death rate from wildfire PM2.5 during the study period was 5.14 per 100,000 people; by comparison, that's roughly double the annual U.S. death rate from tropical cyclones such as hurricanes

The research also found a $160 billion economic burden associated with those 15,000 extra wildfire PM2.5 deaths. Economic burden from mortality considers factors such as productivity losses, health care costs and a concept known as value of a statistical life that assigns a monetary value to reduction in mortality risk.

The study, which looked at mortality risk on a county-by-county basis, showed the economic burden was greatest in California, Oregon and Washington.




"Without efforts to address climate change, wildfires and associated fine particulate matter will continue to increase," said Bev Law, professor emerita in the OSU College of Forestry and the study's leader. "Projections of climate-driven wildfire PM2.5 across the continental U.S. point to at least a 50% increase in mortality from smoke by midcentury relative to the decade ending with 2020, with resulting annual damages of $244 billion."

Using publicly available datasets, Law and collaborators looked at how much additional area burned and how many people died from climate-change related wildfire PM2.5 during the 2006-20 study period, integrating climate projections, climate-wildfire models, wildfire smoke models, and emission and health impact modeling.

The authors note that as climate change exacerbates wildfire risk, PM2.5 emissions from fires have surged to the point that wildfires now account for almost half of all PM2.5 across the United States and have negated air quality improvements in multiple regions. They also say that absent abrupt changes in climate trajectories, land management and population trends, the impacts of climate change on human health via wildfire smoke will escalate.

"Exposure to PM2.5 is a known cause of cardiovascular disease and is linked to the onset and worsening of respiratory illness," Law said. "Ongoing trends of increasing wildfire severity track with climate projections and underscore how climate change manifestations like earlier snowmelt, intensified heat waves and drier air have already expanded forest fire extent and accelerated daily fire growth rates."

Researchers at the University of California, Merced, the U.S. Environmental Protection Agency, the Woodwell Climate Research Center and Beth Israel Deaconess Medical Center of Harvard Medical School also took part in the study.
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Groundbreaking device instantly detects dangerous street drugs, offering hope for harm reduction | ScienceDaily
A portable device that can instantly detect dangerous street drugs at extremely low concentrations has been developed at the University of Bath in the UK.


						
The device, which is being trialled by drug-checking services in the UK, Norway and New Zealand, can identify substances such as benzodiazepines and synthetic opioids that are difficult to detect with existing mobile technologies and are major contributors to drug overdoses globally.

The device, which is similar to an ultraviolet spectrometer, will allow drugs to be tested cheaply and at volume. Its on-the-spot analysis reveals both the contents of a substance and the concentration of each ingredient. The technology is described today in the scientific journal Analytical Chemistry.

Biochemist Professor Chris Pudney -- who leads the team that developed the technology from the Department of Life Sciences at Bath -- says the potential life-saving benefits of this invention are considerable. By using the device to reveal the precise composition of an illicit substance, the risks associated with taking unknown or adulterated drugs can be reduced significantly.

Professor Pudney envisions the new machine being deployed in areas where illicit drugs are commonly used, such as at clubs and festivals, as well as in services that provide support and treatment for dependent-drug users.

Testing times

Detecting substances at low concentrations is more challenging than identifying larger quantities of highly pure substances. The equipment currently available for this task often requires extensive training and can only be operated by chemists.




By contrast, the device invented by Professor Pudney can be operated by a non-expert, yielding results with the simple press of a button, and can detect drugs at extremely low concentrations. This allows it to determine the potency of a formulation and identify any contamination with undeclared substances. Many 'red flag' substances, including synthetic opioids such as nitazenes and fentanyl, are toxic even in minute quantities, and being able to detect them is critical to saving lives.

Professor Pudney said: "Whatever we're doing at the moment to prevent deaths from drug misuse isn't working so we need a new kind of service that can be where it's needed -- cheaply, easily and anywhere.

"Our device would support community harm reduction. Telling people not to take drugs doesn't work, so different strategies are needed. By letting people know exactly what's in a drug and how strong it is, we can empower them to make safer decisions about whether or not to take it, or to use it in a safer way."

Drug adulteration

Globally, there is a growing problem of people unknowingly taking street drugs that have been mixed with undeclared substances. For instance, illicit pills containing benzodiazepines (which can produce feelings of euphoria, relaxation and calmness in the user) can be contaminated with synthetic opioids, turning them into ultrapotent mixtures that dramatically increase the risk of adverse effects and fatal overdoses.

The rise of potent synthetic drugs has made the landscape of drug use particularly dangerous, essentially presenting people who believe they are taking a known dosage of a known drug with a 'Russian roulette' of risk.




Professor Pudney said: "Now, more than ever, there are serious health risks associated with taking all drugs. People may think they have bought something relatively unharmful -- perhaps a substance they know well -- but the drug they have may in fact be contaminated with a far more dangerous and more addictive substance that could endanger their lives.

"This is why drug checking is so important and so needed. We need simple, instant detection that anyone in a drug and alcohol service can use to support their clients."

Deaths in England and Wales from drug poisoning have increased year on year, rising from 4,359 in 2018 to 4,907 in 2023 (these figures include both illicit drug use and prescription drug misuse).

Local and international trials

The new technology -- currently a prototype -- is being trialled by drug services both in the UK and internationally.
    	Devon & Cornwall Police, UK

A device acquired by Devon & Cornwall Police (UK) in June 2024 has allowed the force to fast-track suspicious substances linked to near-fatal and fatal overdoses. This lets them provide real-time drug warnings to drug treatment services in the area, rather than waiting for several months for results from forensic drug-detection service providers.

Nick Burnett, drug expert witness for Devon & Cornwall Police, said: "A prime example of this was testing of some oxycodone tablets in 2024 following a death. The tablets were found to contain a nitazene. We were able to put out a drug warning within 36 hours of that death occurring."

He added that the technology had improved the police's working relationship with its drug treatment services, especially in relation to information sharing and where necessary the issuing of drug warnings.
Unlike in New Zealand, drug checking services in the UK require a Home Office license for the possession of controlled drugs to operate legally. To date, The Loop Drug Checking Service is the only community-based drug-checking service in the UK that has been granted a licence. It has been operating in Bristol since 2024, and uses, alongside other analytical technologies, Professor Pudney's device.

Katy Porter, CEO of The Loop said: "We have been pleased to work alongside the team at the University of Bath to explore the use and potential of the device in drug checking services and for the purpose of reducing drug-related harms. We share the concerns regarding the changing drug market in the UK and working together to ensure drug checking is accessible and available to more people."
    	Drug-checking service, New Zealand

For two weeks last year, hundreds of drug samples were tested in New Zealand using Professor Pudney's new device as part of an initiative involving the country's three front-line drug-checking services: the Needle Exchange Programme, the New Zealand Drug Foundation and KnowYourStuffNZ. New Zealand is one of few countries in the world where drug-checking services are explicitly legal.

KnowYourStuffNZ deputy manager Dr Jez Weston said: "The spectrometers that we use are currently the best tech for mobile drug analysis, but science moves ever on. The University of Bath's new technology could help us help our clients with better and faster analysis of their samples."
    	Drug-checking service, Norway

The device is also being trialled by the Association for Safer Drug Policies (ASDP) in Norway. Norway is another country that operates community-based drug checking.

Dagfinn Hessen Paust, chief scientific officer at the ASDP -- a leading advocate for harm prevention and evidence-based drug policies in Norway and the Nordics -- said: "We use a number of different technologies to check drugs, mostly using infrared spectrometry, which is great for most use cases but not for testing benzodiazepines and very potent, very dangerous opioids. These substances -- unlike, say MDMA -- are found in very low concentrations in the tablets people consume and cannot be picked up by established devices.

"The new device from Bath is helping us fill this gap -- it's very exciting for us to be trialling this new technology."

Shining light

The new technology from Bath works through a combination of fluorescence and reflectance spectroscopies.
    	Fluorescence is a technique that involves shining light on a substance and measuring the light that the substance emits in response. Different substances emit light in unique ways, which makes it possible to identify them.
    	Reflectance Spectroscopy is a technique that measures the light bouncing off a substance. The way light is reflected provides information about the substance's properties.

The device is trained using a deep-learning algorithm, meaning it is exposed to a library of Nanoparticle Spectroscopy (NPS) light patterns from which it learns to make accurate identifications.

Professor Pudney said: "Our aim is for this device to support drug-checking services, as a means to decrease the harm caused by drugs across different groups. The landscape of drug use is changing rapidly and we hope this tool can fill some of the gaps that are emerging."
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The world's wealthiest 10% caused two thirds of global warming since 1990 | ScienceDaily
Wealthy individuals have a higher carbon footprint. A new study published in Nature Climate Change quantifies the climate outcomes of these inequalities. It finds that the world's wealthiest 10% are responsible for two thirds of observed global warming since 1990 and the resulting increases in climate extremes such as heatwaves and droughts.


						
The study assesses the contribution of the highest emitting groups within societies and finds that the top 1% of the wealthiest individuals globally contributed 26 times the global average to increases in monthly 1-in-100-year heat extremes globally and 17 times more to Amazon droughts.

The research sheds new light on the links between income-based emissions inequality and climate injustice, illustrating how the consumption and investments of wealthy individuals have had disproportionate impacts on extreme weather events. These impacts are especially severe in vulnerable tropical regions like the Amazon, Southeast Asia, and southern Africa -- all areas that have historically contributed the least to global emissions.

"Our study shows that extreme climate impacts are not just the result of abstract global emissions, instead we can directly link them to our lifestyle and investment choices, which in turn are linked to wealth," explains lead author Sarah Schongart, an alumna of the 2024 Young Scientists Summer Program (YSSP), who is currently associated with ETH Zurich. "We found that wealthy emitters play a major role in driving climate extremes, which provides strong support for climate policies that target the reduction of their emissions."

Using a novel modeling framework that combined economic data and climate simulations, the researchers were able to trace emissions from different global income groups and assess their contributions to specific climate extremes. They found that emissions from the wealthiest 10% of individuals in the United States and China alone, each led to a two-to threefold increase in heat extremes across vulnerable regions.

"If everyone had emitted like the bottom 50% of the global population, the world would have seen minimal additional warming since 1990," says coauthor Carl-Friedrich Schleussner, who leads the Integrated Climate Impacts Research Group at IIASA. "Addressing this imbalance is crucial for fair and effective climate action."

The study also emphasizes the importance of emissions embedded in financial investments, rather than just personal consumption. The authors argue that targeting the financial flows and portfolios of high-income individuals could yield substantial climate benefits.

"This is not an academic discussion -- it's about the real impacts of the climate crisis today," adds Schleussner. "Climate action that doesn't address the outsize responsibilities of the wealthiest members of society, risks missing one of the most powerful levers we have to reduce future harm."

The authors suggest that their findings could motivate progressive policy instruments targeted at societal elites, noting that such policies can also foster social acceptance of climate action. Making rich individual polluters pay can also help to provide much needed support for adaptation and loss and damage in vulnerable countries. They conclude that rebalancing responsibility for climate action in line with actual emissions contributions is essential, not just to slow global warming, but to achieve a more just and resilient world.

The study is the result of work undertaken as part of Schongart's YSSP project in 2024 for which she was awarded the IIASA Levien award.
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New study tracks air pollution and CO2 emissions across thousands of cities worldwide | ScienceDaily
In a sweeping new study of more than 13,000 urban areas worldwide, researchers have mapped air pollution levels and carbon dioxide emissions, providing comprehensive global analysis of urban environmental quality.


						
The research led by George Washington University, in collaboration with scientists from Washington University in St. Louis and the University of North Carolina at Chapel Hill, used data from satellite observations, ground-based measurements and computer models to measure city-level air pollution and the average amount of carbon dioxide released into the atmosphere in 13,189 urban areas globally. The study, which highlights regional disparities, focused on the years spanning from 2005-2019.

"This study provides a powerful snapshot of how urban environments are evolving across the globe," said Susan Anenberg, professor of environmental and occupational health at the GW Milken Institute School of Public Health and director of the GW Climate and Health Institute. "It also shows that progress is possible but uneven, with some cities seeing worsening pollution while others are experiencing cleaner air over time."

Key Findings:
    	    More than 50% of cities showed links between all pollutants, suggesting they likely come from the same sources and could be reduced together.
    
    	    Urban areas in high-income regions with aggressive environmental policies saw simultaneous declines in all pollutants.
    
    	    Cities in regions undergoing rapid population and economic growth, including South Asia and parts of Africa, experienced rising pollution and emissions levels.
    
    	    Satellite remote sensing provides an unprecedented opportunity to track pollution levels in all cities worldwide.
    

The study's integrated approach offers policymakers, researchers and climate advocates a valuable new tool for assessing the effectiveness of strategies to reduce pollution. By tracking historical pollutant trends and analyzing correlations across air pollution, nitrogen dioxide and carbon dioxide emissions, the study offers insights into how urban areas can make progress on both climate and public health goals.

Researchers also created an interactive map and dashboard to track air pollution in cities worldwide.
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Losing a parent may increase children's risk of being bullied | ScienceDaily
Losing a parent or caregiver at any age is a traumatic and emotional experience, but when a child loses a parent, it can profoundly affect their development and well-being throughout multiple stages of their life.


						
A new study led by Boston University School of Public Health (BUSPH) found that youth who experienced the death of a parent were more likely to be victims of bullying.

Published in the Journal of Affective Disorders, the study surveyed 21,000 children in China and found that the association between parental bereavement and school bullying varied by sex of the child and deceased parent, age when the death occurred, and geographical area. Adolescents in rural areas, girls, and older youth (ages 13-17) were at higher risk of bullying after either parent died.

"Childhood parental death is a major traumatic experience that significantly increases the risk of other adverse outcomes, including bullying victimization," says study senior and co-corresponding author Dr. Ziming Xuan, professor of community health sciences at BUSPH.

Maternal death raised this risk specifically among male youth, "suggesting that maternal support may play a uniquely protective role in the lives of sons," he says.

Parental support can heavily shape children's physical, mental, economic, and social well-being, all of which can influence how they interact with classmates and navigate relationships in school.

For the study, Dr. Xuan and colleagues from BUSPH and Kunming Medical University (KMU) in Kunming, Yunnan, China, utilized 2019-2021 data from the Mental Health Survey for Children and Adolescents, a large, ongoing study that assesses the mental health of more than 35,000 children in southwestern China. The participants were ages 10-17.




Among the study group, nearly three percent of participants experienced a parental death and more than 15 percent reported that they were being bullied at school. The majority of parental deaths in China during this study period occurred before the COVID-19 pandemic began, but an estimated eight million children under 18 worldwide have lost a parent or primary caregiver to a pandemic-related cause. In the US, more than four percent of children up to 17 years old had lost at least one parent in 2021.

The researchers hope this data informs tailored support for youth who are mourning a parent.

"Effective interventions to reduce the risk of school bullying among bereaved children should be multi-layered and long-term, addressing both emotional and social dimensions of support," says Dr. Xuan. "This can include personalized counseling, active involvement of remaining caregivers or extended family, and programs tailored to developmental stage and cultural context."

This support should also evolve over time, as children's needs change during the bereavement process, he adds. "In schools, educators and staff should be trained to recognize signs of grief and vulnerability and foster inclusive, empathetic environments. A warm, caring school climate can be especially critical in reducing the risk of bullying and promoting resilience among bereaved youth."

The study's co-lead authors were Hailiang Ran, a visiting KMU School of Public Health doctoral student in the Department of Community Health Sciences at SPH, and Dr. Jin Lu, a professor in the Department of Psychiatry at The First Affiliated Hospital of KMU. The co-corresponding author is Dr. Yuanyuan Xiao, a professor in the Department of Epidemiology and Health Statistics at KMU's School of Public Health.
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Is virtual-only couture the new clothing craze? | ScienceDaily
As fast fashion continues to fill wardrobes and landfills at a staggering pace, new research from the University of Portsmouth suggests that the future of fashion might lie not in fabric, but in pixels.


						
In a multi-study paper published in the International Journal of Retail and Distribution Management, a team of researchers has delved into the growing phenomenon of e-fashion -- digital garments worn in virtual environments -- and found these intangible items could help bridge the gap between fast fashion and environmental sustainability.

From Instagram filters to gaming skins, the idea of digital self-presentation isn't new. But fashion brands are now taking things a step further, offering digital-only collections that exist purely on-screen.

These clothes can change colour, morph shape, and even communicate with physical counterparts via near-field communication (NFC) chips. Crucially, they come without the environmental baggage of traditional production, shipping or waste. Their production, consumption and disposal don't require using raw and difficult-to-recycle materials such as polyester. The research studied how consumers respond to the unique appeal of digital clothing and what drives their willingness to pay for garments they can't physically touch, try and own.

Findings show that consumers with a strong appetite for novel and tactile experiences are particularly drawn to e-fashion, valuing its creativity, customisability and interactivity. For them, virtual couture is not a compromise but an additional new frontier in personal style.

Conventional logic suggests that consumers with a strong need for touch, who enjoy physically inspecting and trying on a garment, are less likely to find e-fashion appealing.

However, the research challenges this logic. It learns that consumers with a high need for touch, and a high sensation-seeking, are an ideal target market for virtual clothing.




The research found that consumers could mentally simulate the tactile features of e-fashion, a process that becomes increasingly feasible and vivid with the adoption of virtual reality headsets.

One of the co-authors, Dr Kokho (Jason) Sit, Senior Lecturer in Marketing at the University of Portsmouth, said: "Whether e-fashion is a fleeting fad or a long-lasting trend remains to be seen, but its environmental potential is undeniable. Unlike fast fashion's reliance on low-cost, often non-recyclable materials and landfill-heavy turnover, digital garments can be produced, consumed, and discarded with a single keystroke -- or perhaps several keystrokes. No raw materials, modern slavery, shipping and delivery are involved, reducing deforestation, inhumane working conditions, carbon footprint and landfills."

"This research shows that e-fashion isn't just a gimmick for gamers or influencers. It can potentially disrupt the fast fashion model in a profitable way for fashion brands, exciting for consumers and better for the planet."

While it may not entirely replace physical fashion, the study suggests e-fashion could meaningfully reduce our reliance on high-volume, low-value clothing and help curb the environmental toll of an industry that urgently needs reform.
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Climate change: Future of today's young people | ScienceDaily
Research led by climate scientists from the Vrije Universiteit Brussel (VUB) reveals that millions of today's young people will live through unprecedented lifetime exposure to heatwaves, crop failures, river floods, droughts, wildfires and tropical storms under current climate policies. If global temperatures rise by 3.5degC by 2100, 92% of children born in 2020 will experience unprecedented heatwave exposure over their lifetime, affecting 111 million children. Meeting the Paris Agreement's 1.5degC target could protect 49 million children from this risk.


						
This is only for one birth year; when instead taking into account all children who are between 5 and 18 years old today, this adds up to 1.5 billion children affected under a 3.5degC scenario, and with 654 million children that can be protected by remaining under the 1.5degC threshold. The study also highlights that children with high socioeconomic vulnerability face an even greater likelihood of unprecedented exposure to climate extremes in their lifetime. Deep cuts in greenhouse gas emissions are urgently needed to safeguard the lives of children all around the world.

Climate change's disproportionate burden on youth 

Climate extremes, including heatwaves, crop failures, river floods, tropical cyclones, wildfires and droughts, will intensify with continued atmospheric warming. Today's children will endure more climate extremes then any previous generation.

"In 2021, we demonstrated how children are to face disproportionate increases in extreme event exposure -- especially in low-income countries. Now, we examined where the cumulative exposure to climate extremes across one's lifetime will far exceed that which would have been experienced in a pre-industrial climate" says Wim Thiery, professor of climate science at VUB and senior author of the study.

"In this new study, living an unprecedented life means that without climate change, one would have less than a 1-in-10,000 chance of experiencing that many climate extremes across one's lifetime" says Dr. Luke Grant, lead author and climate scientist at the VUB and Environment and Climate Change Canada (ECCC). "This is a stringent threshold that identifies populations facing climate extremes far beyond what could be expected without man-made climate change." The threshold varies by location and type of climate extreme.

By combining demographic data and climate model projections of climate extremes for each location on earth, the researchers calculated the percentage of each generation born between 1960 and 2020 who will face unprecedented exposure to climate extremes in their lifetime.




Generational impact of climate change 

The younger a person is, the higher their likelihood of unprecedented exposure to climate extremes. Even if we successfully limit global warming to 1.5degC, 52% of children born in 2020 will face unprecedented heatwave exposure, compared to only 16% of those born in 1960. For heatwaves, the effect is particularly pronounced for those born after 1980, when climate change scenarios increasingly dictate exposure levels.

"By stabilizing our climate around 1.5 degC above pre-industrial temperatures, about half of today's young people will be exposed to an unprecedented number of heatwaves in their lifetime. Under a 3.5 degC scenario, over 90% will endure such exposure throughout their lives," warns Grant. "The same picture emerges for other climate extremes examined, though with slightly lower affected fractions of the population. Yet the same unfair generational differences in unprecedented exposure is observed." Children in tropical countries will bear the worst burden under a 1.5 degC scenario. However, under high-emission scenarios, nearly all children worldwide face the prospect of living an unprecedented life (see Figure 2).

Climate vulnerability and social injustice 

The study also highlights the social injustice of climate change and its impacts. Under current climate policies, the most socioeconomically vulnerable children born in 2020 will almost all (95%) endure unprecedented exposure to heatwaves in their lifetime, compared to 78% for the least vulnerable group. "Precisely the most vulnerable children experience the worst escalation of climate extremes. With limited resources and adaptation options, they face disproportionate risks," says Thiery.

Urgent Need for Global Climate Action 

Ahead of COP30 in Brazil, nations must submit updated climate commitments. Under current policies, global warming would reach around 2.7 degC this century. This study and the related Save The Children report emphasize the urgency of keeping global warming below 1.5 degC for the children of today and tomorrow.




Inger Ashing, CEO of Save the Children International, said: "Across the world, children are forced to bear the brunt of a crisis they are not responsible for. Dangerous heat that puts their health and learning at risk; cyclones that batter their homes and schools; creeping droughts that shrivel up crops and shrink what's on their plates. Amid this daily drumbeat of disasters, children plead with us not to switch off. This new research shows there is still hope, but only if we act urgently and ambitiously to rapidly limit warming temperatures to 1.5 degC, and truly put children front and centre of our response to climate change."

"With global emissions still rising and the planet only 0.2 degC away from the 1.5 degC threshold, world leaders must step up to reduce greenhouse gas emissions and lessen the climate burden on today's youth," concludes Thiery.

The study was accomplished by researchers from Vrije Universiteit Brussel (VUB), Environment and Climate Change Canada, KU Leuven, the Royal Meteorological Institute of Belgium (RMI), and ETH Zurich.

Supplementary information 

The numbers reported in our new study focus on one single birth cohort: children born in 2020, who are today's five year olds. Climate extremes will affect all generations, with children the most. We are providing therefore here below numbers that take into account all children who are between 5 and 18 years old today, which represents a total population of 1.69 billion children.

Heatwaves 

Under a 1.5 degC pathway, 855 million children aged 5-18 in 2025 face unprecedented lifetime exposure to heatwaves.

Under a 2.7 degC pathway, 1353 million children aged 5-18 in 2025 face unprecedented lifetime exposure to heatwaves.

Under a 3.5 degC pathway, 1509 million children aged 5-18 in 2025 face unprecedented lifetime exposure to heatwaves.

Crop failures 

Under a 1.5 degC pathway, 316 million children aged 5-18 in 2025 face unprecedented lifetime exposure to crop failures.

Under a 2.7 degC pathway, 400 million children aged 5-18 in 2025 face unprecedented lifetime exposure to crop failures.

Under a 3.5 degC pathway, 431 million children aged 5-18 in 2025 face unprecedented lifetime exposure to crop failures.

Wildfires 

Under a 1.5 degC pathway, 119 million children aged 5-18 in 2025 face unprecedented lifetime exposure to wildfires.

Under a 2.7 degC pathway, 134 million children aged 5-18 in 2025 face unprecedented lifetime exposure to wildfires.

Under a 3.5 degC pathway, 147 million children aged 5-18 in 2025 face unprecedented lifetime exposure to wildfires.

Droughts 

Under a 1.5 degC pathway, 89 million children aged 5-18 in 2025 face unprecedented lifetime exposure to droughts.

Under a 2.7 degC pathway, 111 million children aged 5-18 in 2025 face unprecedented lifetime exposure to droughts.

Under a 3.5 degC pathway, 116 million children aged 5-18 in 2025 face unprecedented lifetime exposure to droughts.

River floods 

Under a 1.5 degC pathway, 132 million children aged 5-18 in 2025 face unprecedented lifetime exposure to river floods.

Under a 2.7 degC pathway, 188 million children aged 5-18 in 2025 face unprecedented lifetime exposure to river floods.

Under a 3.5 degC pathway, 191 million children aged 5-18 in 2025 face unprecedented lifetime exposure to river floods.

Tropical cyclones 

Under a 1.5 degC pathway, 101 million children aged 5-18 in 2025 face unprecedented lifetime exposure to tropical cyclones.

Under a 2.7 degC pathway, 163 million children aged 5-18 in 2025 face unprecedented lifetime exposure to tropical cyclones.

Under a 3.5 degC pathway, 163 million children aged 5-18 in 2025 face unprecedented lifetime exposure to tropical cyclones.
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Sustainability often used as a buzzword in agricultural genomics | ScienceDaily
Analysis by University of Adelaide researchers has found that claims about sustainability are increasing in agricultural genomics research, but the term is often not well-defined, leading to potential concerns about the impact and credibility of the research.


						
"The term 'sustainability' is often used in academic papers as a buzzword rather than a scientific concept or used uncritically without reflecting on implications or metrics associated with the definitions utilised," says lead author Chris Wenzl, from the University of Adelaide's Food Values Research Group and the ARC Centre for Future Crops.

"Sustainability, as a concept, has evolved over time and is now commonly viewed through three lenses: social, economic, and environmental. These perspectives are often referred to as the 'three pillars of sustainability' or the 'triple bottom line'.

"However, some forms of agriculture may be economically sustainable and contribute to social sustainability, especially in rural communities, but be in tension with common definitions of environmental sustainability, and vice versa.

"Because of the concept's wide and increasingly popularised usage yet competing definitions, it is critical that academics ensure their claims about sustainability are grounded in clear definitions and explications, particularly with regard to how it is being assessed and measured."

Wenzl suggests academics could use concrete measures to ensure claims about concepts such as sustainability are communicated and understood more clearly by what is likely an increasingly diverse readership, including the public.

"Our analysis of 214 research papers found that most sustainability claims in agricultural genomics publications are causal claims, rather than being merely descriptive or general. These types of claims propose a cause-and-effect relationship, which sets a very high bar for proof and evidence," says Wenzl, whose study was published in The Plant Journal.




"In the best-case scenarios, researchers would define multifaceted and complex concepts like sustainability by explicitly citing credible academic sources in their work and providing details about how this definition relates specifically to their scientific results."

While Wenzl's study focuses on agricultural genomics, the concerns it raises about lack of grounding for sustainability claims could be applied to other scientific concepts and fields.

"Claims such as efficiency, climate resilience, food security, and many of the concepts associated with the United Nations' sustainable development goals, can mean different things depending on the context and should not be simply used as buzzwords to justify or amplify scientific research without clear definitions and evidence-based arguments," Wenzl says.

"Using clear, foundational questions -- who, what, where, when, why, and how -- can make complex concepts more understandable and concrete. These questions also encourage deeper engagement with key concepts throughout a paper, not just in the title, abstract, introduction and conclusion.

"Collaborating across disciplines can also add valuable perspectives and tools that help refine claims, strengthen evidence, and enhance the real-world impact of research."
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Cutting greenhouse gases will reduce number of deaths from poor air quality | ScienceDaily
Up to 250,000 deaths from poor air quality could be prevented annually in central and western Europe by 2050 if greenhouse gas emissions are drastically reduced, say researchers.


						
A study by atmospheric scientists at the University of Leeds has revealed that the number of deaths could be significantly reduced, but only if there is a strong focus on reducing greenhouse gases and air pollutants.

As well as finding that strong climate mitigation would result in large reductions in air quality mortality, the team has also discovered that it reduces the inequitable burden of air quality mortality in more deprived parts of Europe. Their findings are published today (6 May) in the journal Earth's Future.

Lead author Connor Clayton, a PhD student in the School of Earth and Environment and the Priestley Centre for Climate Futures, said: "The strategies that policymakers take to mitigate climate change will have considerable implications for human exposure to air quality, not least of which are the number of deaths.

"But they also urgently need to consider the persistent inequity of exposure between wealthier and more deprived populations which continues to be an issue even though air pollution has reduced across Europe."

Poor air quality is the largest environmental risk factor for early deaths leading to an estimated 8 million deaths per year globally, according to recent analysis by the World Bank and the World Economic Forum.

The World Health Organisation recently stated that almost every organ in the body can be impacted by air pollution and that due to their small size, some pollutants penetrate the bloodstream via the lungs and circulate throughout the entire body, leading to systemic inflammation and carcinogenicity.




Exposure to air pollution can lead to strokes, ischaemic heart disease, cardiovascular disease, chronic obstructive pulmonary disease, lung cancer, pneumonia, diabetes, cognitive impairment, dementia and neurological diseases. There is also some evidence linking air pollution exposure to the increased risk for adverse pregnancy outcomes, such as low birth weight.

Estimations of future mortality in Europe from air pollution often reach hundreds of thousands per year but vary depending on the methodology used.

The team looked at the health impacts in Europe in 2014 and 2050 from exposure to harmful fine particulate matter, which can penetrate deep into the lungs, and surface level ozone, which is formed when sunlight interacts with certain pollutants like nitrogen oxides.

They looked at three scenarios, with low, medium and high levels of action taken by policymakers to combat climate change. A detailed atmospheric chemistry model was used to simulate the future air quality in 2050.

They found that deprived regions of Europe currently have proportionally higher death rates from air pollution than less deprived regions but that reductions in emissions would reduce that inequity.

A medium level of action to combat climate change proved to be more beneficial to deprived regions because there was more focus on emissions reductions from the housing, industry and transport sectors.




A high level of action, which also included reductions in agricultural emissions, would lead to improvements in air quality across the continent as well as an improvement in equity and far larger reductions in mortality overall.

When looking at 2014, the researchers found that fine particulate matter was usually higher in central and eastern Europe than in western Europe, with particularly high concentrations in the Po Valley in Italy, in Bosnia and Herzegovina, and in southern Poland.

In future scenarios where action was taken to curb greenhouse gas emissions, the amount of fine particulate matter decreased, with the largest reductions in central Europe -- particularly southwest Germany -- and in some urban centres, such as Paris.

Reductions in fine particulate matter were highest in the scenario where CO2 emissions were cut severely, reaching net zero after 2050. This scenario led to 90% reductions in southwest Germany and Paris.

Dr Jim McQuaid, who led the research, added: "This work provides evidence that there are direct health benefits from moving towards a low carbon economy.

"Air pollutants and the climate warming gases and aerosols are one and the same, it is very much two sides of the same coin. It was particularly good to see that those who suffer most from air pollution currently benefit most from the benefits of the the drive to a net zero world."

The researchers believe their results suggest directions that policymakers could take to ensure public health is protected and is managed equitably as Europe considers how to mitigate against climate change.
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Neighborhood stress may impact kids' brains -- and increase depression risk | ScienceDaily
Children who grow up in disadvantaged neighborhoods -- areas with higher levels of crime and deprivation, and lower access to community resources -- are at risk of developing depression and new research led by faculty at Binghamton University, State University of New York, may help to explain why.


						
Psychologists at Binghamton found that the brains of children from areas containing higher levels of deprivation show less response to reward and loss, but only if they were already at risk for depression based on a family history of the disorder. The team included Binghamton University Professor of Psychology Brandon Gibb, graduate student Elana Israel and former graduate students Cope Feurer and Aliona Tsypes.

"One of my interests is how neural reward processing relates to risk for depression. One thing that we know that impacts that is exposure to stress," said Israel. "Prior research has looked at stress at the individual level -- people reporting on traumas they've experienced or interpersonal stress -- but less research has looked at community-level stressors."

To examine this, the team conducted a study of over 200 children ages 7-11. The researchers conducted interviews to determine if their parent had a history of major depressive disorder. They also collected each child's zip code, which provided information about their neighborhood such as risk of crime, levels of socioeconomic disadvantage, and more. The researchers then measured the brain activity of each child via electroencephalogram (EEG) while they completed a simple guessing task where they won or lost money.

Examining the data, the researchers found that children from more disadvantaged areas showed a blunted response to both reward and loss, especially children of parents with a history of depression.

"When something good or bad happens to you, your brain responds and we can measure that brain activity," said Gibb. "And how you tend to respond to something good happening or something bad happening can increase your risk for things like depression. What this shows is that it's not just something happening to you personally, but it's the context you live in -- the levels of stress around you, whether or not it's directly happening to you."

Gibb said that growing up in a chronically stressful environment, children may learn not to get too excited when good things happen and not to get too down when bad things happen, especially if they are already at risk because of a family history of depression.

"When you're chronically stressed, it could dampen your reaction to anything, whether it is good or bad," said Gibb. "We want kids to be reactive when good things are happening. You should be excited. That's what gives you the motivation to engage and do things. So that's what we think is going on."

Going forward, the researchers have started a new study that will let them look at what happens to children's neural responses, and depression risk, when they move to a new neighborhood. The team also wants to expand this work to teenagers and see if similar types of effects are seen for social rather than just monetary outcomes, like peer acceptance and rejection.

Gibb said that this work highlights the need to address neighborhood characteristics when it comes to mental health."Just being in these contexts can impact mental health, and these neighborhood characteristics can influence kids, even if they're not touched by it directly. So there are broader implications too, and even more reasons why we should try to improve our communities."
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Structural barriers may prevent cancer care for people living with HIV | ScienceDaily
People living with HIV are less likely to receive potentially lifesaving cancer treatment if they live in communities with lower income levels and educational attainment, according to a new national study led by researchers from Moffitt Cancer Center.


						
In the study, published in Cancer, researchers looked at cancer treatment records for more than 31,000 adults with HIV who were diagnosed with one of 14 common cancers between 2004 and 2020. They found that 16.5% of them did not receive the recommended first line curative treatment for their cancer. This gap in care was strongly linked to where the patients lived.

"Our findings show that where someone lives, specifically the income and education level of their community, can play a critical role in whether they get the cancer care they need," said Jessica Islam, Ph.D., lead author of the study and assistant member in the Cancer Epidemiology Program at Moffitt. "This isn't just about access to treatment facilities. It's about the larger social and economic structures that shape health outcomes. Creating interventions to address these factors is essential to closing the gap in cancer care for people with HIV."

Patients with HIV living in ZIP codes with the lowest levels of education were 27% less likely to receive curative cancer treatment compared to those in the highest education areas. Similarly, those in the lowest income communities were also 27% less likely to receive treatment, even after accounting for age, sex, cancer type, stage at diagnosis and treatment facility.

Most patients in the study were male (68%), aged 60 or older (43%), and from the Southern U.S. (39%). Lung cancer, lymphoma, colorectal cancer and prostate cancer were the most commonly diagnosed.

"These disparities suggest that structural factors, not just individual health or medical complexity, may be driving inequities in cancer care for people with HIV," said Amir Alishahi Tabriz, M.D., Ph.D., co-author of the study and assistant member in the Health Outcomes and Behavior Program at Moffitt. "We need to ensure that every patient, regardless of ZIP code, has equal access to life-saving cancer treatment."

The study highlights the need for policies and community-level interventions that address the social factors of health, such as access to education and economic opportunity, to ensure equitable cancer care for all patients, regardless of HIV status.

This study was supported by The American Cancer Society (IRG-21-145-25).
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Gorilla study reveals complex pros and cons of friendship | ScienceDaily
Friendship comes with complex pros and cons -- possibly explaining why some individuals are less sociable, according to a new study of gorillas.


						
Scientists examined over 20 years of data on 164 wild mountain gorillas, to see how their social lives affected their health.

Costs and benefits changed depending on the size of gorilla groups, and differed for males and females.

For example, friendly females in small groups didn't get ill very often but had fewer offspring -- while those in large groups got ill more but had higher birth rates.

Meanwhile, males with strong social bonds tended to get ill more -- but were less likely to be injured in fights.

The study -- by the Dian Fossey Gorilla Fund and the universities of Exeter and Zurich -- may help to explain why such a wide range of traits have evolved in social animals, including humans.

"Having a lot of strong social relationships is often really good -- but sometimes it isn't," said Dr Robin Morrison, lead author on the paper and Senior Researcher at the University of Zurich.




"For example, our study found that strong and stable social bonds are generally linked to less illness in female gorillas -- but more illness in males.

"We can't be certain why this happens, but it appears it's not a simple matter of social contact leading to more disease risk.

"It's possible that males expend more energy by having close social ties, as they have to defend females and offspring, and the stress of this may reduce their immune function."

The study focussed on the strength of each gorilla's key social bonds, and its integration in the group -- along with wider context such as group size, stability and conflict with other groups.

The findings highlight the forces that affect the evolution of social behaviour.

"With these forces pushing in different directions, the 'optimal' social type will depend on an individual's sex, age, offspring and wider social group," said Dr Sam Ellis, from the University of Exeter.




"In humans and other social mammals, the social environment is one of the strongest predictors of health and lifespan.

"But our study shows this isn't a straightforward case of more and stronger social ties always being better. In some situations social traits that we've previously thought of as maladaptive can have important benefits."

The study is based on long-term observations of mountain gorillas in Volcanoes National Park, Rwanda, which usually live in groups of about 12 with a single dominant male.

"This paper highlights the incredible value of long-term studies to furthering our understanding of the evolution of sociality and how the benefits or costs of sociality can vary considerably across different environments," said Dr Tara Stoinski, CEO and Chief Scientific Officer of the Dian Fossey Gorilla Fund and one of the study co-authors.

The research was funded by the Swiss National Science Foundation and the Dian Fossey Gorilla Fund.

The paper, published in the journal Proceedings of the National Academy of Sciences, is entitled: "Group traits moderate the relationship between individual social traits and fitness in gorillas."

Case studies: the varied social lives of mountain gorillas

Gutangara -- an adult female -- lives in one of the largest gorilla groups. She has good relationships with many gorillas but spends most of her time with her offspring -- some that are still young and others that are already adults. She is the most successful gorilla mother the researchers have seen, with eight surviving offspring.

Maggie was the highest-ranking female gorilla in the Bwenge group. She was one of the most frequently aggressive group members but was also quick to provide friendly support such as grooming. Maggie often led group interactions and acted as a protector, a role usually taken by males. When the dominant male died unexpectedly, Maggie took charge, guiding the group until they merged with a neighbouring group. But Maggie struggled to fit into this new group and eventually chose to leave. She travelled alone for a month until she crossed into Congo, where her trail was lost.

Titus -- a "silverback" adult male mountain gorilla -- had a difficult childhood. He lost his father and many other group members to poachers, and his mother died when he was only four. He became the dominant male of his group at the early age of 15. Titus had an unusual leadership style, being exceptionally gentle and calm. His closest relationships were with the females in his group, who often stayed in physical contact with him, something rarely observed to this extent in other groups. His gentle nature made him very attractive to females and contributed to his 20-year tenure as dominant male until his death in 2009.

Cantsbee, also a silverback, led his group for 22 years -- the longest dominance tenure ever recorded -- and fathered at least 28 offspring. He was known for his authoritative but peaceful nature, rarely initiating or entering fights, but was quick to protect others and resolve conflicts in the group. He had a particularly close relationship with his son Gicurasi, whose mother left when he was young, and who eventually took over leadership of the group in Cantsbee's final years. When Cantsbee later became ill, he chose to leave the group, spending his final months alone, except for one brief visit to the group shortly before his death.
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Children as young as five can navigate a 'tiny town' | ScienceDaily
Many behavioral studies suggest that using landmarks to navigate through large-scale spaces -- known as map-based navigation -- is not established until around age 12.


						
A neuroscience study at Emory University counters that assumption. Through experiments combining brain scans and a virtual environment the researchers dubbed Tiny Town, they showed that five-year-olds have the brain system that supports map-based navigation.

The journal Proceedings of the National Academy of Sciences published the finding, the first neural evidence that this cognitive ability is in place in such young children.

"While large-scale navigation abilities certainly continue to develop throughout childhood, our findings show that the underlying neural system is established remarkably early," says Yaelan Jung, first author of the study and a postdoctoral fellow in Emory's Department of Psychology.

"Rather than taking a decade or more, map-based navigation is underway in half that time," adds Daniel Dilks, associate professor of psychology and senior author of the study. "Five-year-olds have the brain system enabling them to find their way around a tiny, virtual town. They not only know that the ice cream store in the mountain region is different than the ice cream store in the lake region, they know how to navigate the streets to get to each of them."

Mapping the visual brain

Dilks is at the forefront of identifying specific functions of the visual cortex related to face, place and object processing -- how we recognize and get around our world. He's also pioneering methods to study the timeline for the development of these functions, from infancy to adulthood.




"Two fundamental questions in neuroscience," he explains, "are how knowledge is organized in the brain and the origins of that knowledge. In other words, what knowledge are you born with and how does knowledge develop as you grow?"

The technology of fMRI offers a window into those questions. The harmless, noninvasive technique uses a giant magnet to scan the brain and record the magnetic properties in blood. It measures heightened blood flow to a brain region, indicating that region is more active.

In adult studies during the past decade, the Dilks lab has showed that three scene-selective regions in the brain perform separate, non-overlapping, tasks. The parahippocampal place area (PPA) allows us to recognize places and cluster them into categories. The retrosplenial complex (RSC) maps the places into their proper locations within a larger space, allowing us to navigate from one place to another. The occipital place area (OPA) allows us to walk around our immediate surroundings, not bumping into boundaries or other obstacles.

"We can't fix most neurological problems right now," Dilks says. "But by continuing to learn more about how the brain develops and functions normally, we keep moving closer to being able to repair it when something goes wrong."

Walking navigation versus map-based navigation

In 2024, Dilks and Jung discovered that the brain system for walking through the immediate environment, avoiding boundaries and obstacles, does not look adultlike until age 8.




"It seems counterintuitive," Dilks says. "Most children can walk before the age of two. And yet the brain system helping you walk around your immediate surroundings doesn't start appearing adultlike until relatively late."

Dilks and Jung had a theory that the seemingly more complex and sophisticated abilities of map-based navigation develop earlier. They noted that even before they can walk well, children are carried from room-to-room and taken in strollers from place-to-place, allowing them to essentially build up a map of their surroundings.

For the current paper, they created experimental protocols for five-year-olds to test their theory.

They started with a virtual town known as Neuralville, developed by the Dilks lab for an adult study. It consists of eight buildings laid out on streets surrounding a town square and oriented by the four cardinal directions.

In tests with five-year-old participants registered with the Emory Child Study Center, Jung soon learned that Neuralville was a bit too complicated for them to navigate. She simplified the paradigm, turning it into a triangle, and called it Tiny Town. Instead of cardinal directions, distinctive landscapes delineate each point of the triangle, including the mountain corner, the tree corner and the lake corner.

She created six structures for Tiny Town, including two each of categories generally of interest to children: ice cream stores, playgrounds and fire stations.

Making science fun

Doing experiments with child participants requires creativity and patience, Jung says.

"We want to get at the scientific questions that we're trying to answer," she explains, "but it's also important that a child who participates in a study has a good time. We want them to leave with a good impression of science."

Jung first familiarized a child to the virtual town using the arrow keys on a computer to move through its streets and arrive at different places. She then invited the child to do the same. "It was fascinating that they were so good at it," she says.

This familiarization was followed by tests of their knowledge. She showed still images of Tiny Town to a child and asked questions such as: Did you see this building in Tiny Town? Is it in the mountain corner?

Most of the children passed this test and moved into the next phase: training for scanning.

Jung turned the training process into a game involving the children and adult lab members. An adult would point at the child and say, "Freeze!"

"The kids loved it! They especially liked to freeze the adults in the room," Jung says. "They'd point at one of us and say, 'It's your turn now!'"

The researchers explained to the participants that the scanner was like a camera and they would need to hold perfectly still so their photo wasn't blurry when they performed a task while in the machine.

The children were then trained to do the game-like task, pushing a button in response to paired images from Tiny Town. For instance, if an image of a particular fire station was shown with an image of mountains, they needed to push the button if this scenario mapped correctly onto Tiny Town.

The participants practiced the task in a mock scanner before entering the real one for the experiment. "We gave them a blanket and a pillow to make it cozy and explained that they would be watching a movie in their own private theater," Jung says. "They really liked that idea."

The resulting data showed that five-year-olds can learn a map and hold it in their minds. And to do so, they used their RSC -- the brain region specialized for coding the location of buildings in a map, allowing us to navigate from one place to another.

The icing on the cake is that everyone involved in the study -- including the researchers -- enjoyed the experience.

"It was really fun to work with the children," Jung says. "I learned that the age of five is a magical time to scan a child. They don't tend to be afraid of new things."

The Dilks lab is now doing a deeper dive into the question of how the brain develops the ability to recognize and move about the world by working on a protocol for toddlers.

They are proving a bigger challenge than infants and five-year-olds. "Between the ages of two and three, children basically don't listen to you," says Jung, who is the mother of a three-year-old.

She and her lab mates are trying out strategies involving a cardboard mockup of a scanner, cartoons and Cheerios.

"It's fascinating to explore how humans use different parts of the brain for complex behaviors and how that changes with age and experiences," Jung says. "We're laying the groundwork for clinical applications, including getting a better understanding of typical versus atypical neural development."
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Spanking and other physical discipline lead to exclusively negative outcomes for children in low- and middle-income countries | ScienceDaily
Physically punishing children in low- and middle-income countries (LMICs) has exclusively negative outcomes -- including poor health, lower academic performance, and impaired social-emotional development -- yielding similar results to studies in wealthier nations, finds a new analysis published in Nature Human Behaviour. In 2006, the United Nations Secretary General called for a ban on corporal punishment -- acts of physical force to inflict pain that includes smacking, shaking, and spanking -- for children. To date, 65 countries worldwide have instituted full or partial bans of the practice. Most of the bans were established in high-income countries (having a gross national income of at least $14,000 per capita) bolstered by the UN's call, and research finding detrimental outcomes in wealthier nations.


						
"Some scholars have suggested that physical punishment might have different effects in countries where it is more prevalent or socially normative, a perspective known as the cultural normativeness hypothesis," says lead author Jorge Cuartas, assistant professor of applied psychology at the NYU Steinhardt School of Culture, Education, and Human Development. "However, the lack of data from low- and middle-income countries has made it challenging to fully understand the balance between universal and context-specific harms of physical punishment during childhood."

The researchers analyzed 195 studies related to corporal punishment published between 2002 and 2024. The studies covered 92 LMICs and 19 outcomes related to parent-child relationships, mental and physical health, violent behavior, attitudes toward violence, substance use, cognitive function, social-emotional skills, sleep, motor skills, and likelihood of being a child laborer.

They found physical punishment was significantly associated with negative consequences in 16 of the 19 outcomes: worse parent-child relationships, being a victim of violence, perpetrating violence (including intimate partner violence in adulthood), approving violence, physical health problems, mental health problems, substance use, poor academic outcomes, impaired language skills, impaired executive function, impaired social-emotional skills, overall behavioral problems, internalizing behavior problems (e.g., depression and withdrawal), externalizing behaviors (e.g., aggression and destruction), impaired early child development, and quality of sleep.

They found no impact on cognitive skills, motor skills, and child labor. Notably, the study found no positive outcomes associated with corporal punishment.

"The consistency and strength of these findings suggest that physical punishment is universally harmful to children and adolescents. Moving forward, more research is needed to identify effective strategies for preventing physical punishment on a global scale and ensuring that children are protected from all forms of violence to support their healthy development," says Cuartas.

This research was coauthored by Elizabeth T. Gershoff of the University of Texas at Austin, Drew H. Bailey of the University of California, Irvine, Maria Alejandra Gutierrez of Yale University, and Dana C. McCoy of Harvard University.

This research was supported by a National Academy of Education/Spencer Dissertation Fellowship, the American Psychological Foundation, the Society for Research in Child Development, and the Eunice Kennedy Shriver National Institute of Child Health and Human Development (P2CHD042849).
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Artificial oxygen supply in coastal waters: A hope with risks | ScienceDaily
Could the artificial introduction of oxygen revitalise dying coastal waters? While oxygenation approaches have already been proven successful in lakes, their potential side effects must be carefully analysed before they can be used in the sea. This is the conclusion of researchers from GEOMAR Helmholtz Centre for Ocean Research Kiel and Radboud University in the Netherlands. In an article in the scientific journal EOS, they warn: Technical measures can mitigate damage temporarily and locally, but they are associated with considerable uncertainties and risks. Above all, they do not offer a permanent solution because the oxygen content will return to its previous level once the measures end, unless the underlying causes of the problem, nutrient inputs and global warming, are not tackled.


						
Coastal waters around the world are increasingly losing oxygen, with dramatic consequences for both ecosystems and the people who depend on them. The Baltic Sea is a well-known example: with the consequences of spreading hypoxic or anoxic zones evident in fish kills, the decline of spawning grounds and toxic blue-green algae blooms. So why not introduce oxygen into the sea where it is most urgently needed?

'Various technical approaches have already been tested, some of which have had a positive effect on lakes,' says Prof Dr Andreas Oschlies, Professor of Marine Biogeochemical Modelling at the GEOMAR Helmholtz Centre for Ocean Research Kiel. 'However, artificial oxygenation cannot work miracles -- it only temporarily alleviates the symptoms and does not address the underlying causes.'

Together with Prof. Dr Caroline P. Slomp, Professor of Geomicrobiology and Biogeochemistry at Radboud University in the Netherlands, Andreas Oschlies heads the Global Ocean Oxygen Network (GONE). GO2NE is an international expert committee of the United Nations Intergovernmental Oceanographic Commission (IOC UNESCO) researching the causes and consequences of declining oxygen levels in the ocean. GO2NE held its first international workshop on artificial oxygenation in autumn 2024. The results of this workshop were published last week in the scientific journal EOS.

Main causes of oxygen loss in coastal seas

Coastal seas naturally obtain oxygen through exchange with the atmosphere and through photosynthesis by phytoplankton on the surface. Deeper water layers can only obtain oxygen through exchange with surface water. Seawater loses oxygen through bacteria consuming it when decomposing organic material. These bacteria can thrive particularly well when the nutrient supply is high, which is why excessive nutrient inputs (especially nitrogen and phosphorus) from wastewater and agriculture are among the main causes of falling oxygen levels. In addition, water bodies are warming, meaning less oxygen can be dissolved in warmer water. Warm layers of water overlying cooler ones also inhibit the mixing of the water layers.

Oschlies: "There are now huge zones in the Baltic Sea where there is no oxygen at all. We call these zones anoxic, i.e. oxygen-free. They are colloquially referred to as 'dead zones'. They are not completely devoid of life, as there are bacteria that can still survive in this environment. However, these areas are absolutely hostile to all other organisms."

Limits and risks of artificial oxygen input




Oschlies and Slomp investigated two technical approaches for supplying oxygen to bodies of water: air or pure oxygen injection (bubble diffusion), and pumping oxygen-rich surface water into deeper layers (artificial downwelling). Both methods have already been tested locally, producing partially positive results. However, as soon as the measures are discontinued, the anoxia usually returns very quickly. Slomp: "This artificial introduction of oxygen can be used successfully in lakes, shallow estuaries or small bays. However, the effect only lasts as long as the operation is maintained." The Chesapeake Bay near Baltimore in the USA is one example of this. After decades of aerating a shallow tributary, the systems were switched off and the oxygen levels fell back to their original levels within a day.

The artificial supply of oxygen also poses ecological risks. For instance, the injection of oxygen can intensify the upward movement of gases such as methane, which is a potent greenhouse gas. Changes in temperature and salinity distributions, as well as underwater noise, could affect marine habitats and, in extreme cases, lead to a further decrease in oxygen levels. "These processes should only be used after thorough testing and accompanied by environmental monitoring," emphasises Oschlies.

No substitute for climate protection and reducing nutrient inputs

The expansion of plants for the production of green hydrogen is currently a topic of debate. Green hydrogen is produced by electrolysis, which splits water into hydrogen and oxygen. If the electrolysers are located near the sea, the oxygen produced as a by-product could be used for oxygen enrichment measures in coastal marine regions. However, the researchers urge caution, stating that while technical interventions could be beneficial where suitable conditions prevail, they would need to be part of comprehensive water protection strategies.

Slomp's conclusion: "The technical possibilities for supplying oxygen do not replace the need for consistent climate protection and the reduction of nutrient inputs from agriculture and wastewater. However, under certain conditions, they can help mitigate the worst consequences of oxygen deficiency, at least temporarily."
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Space junk falling to Earth needs to be tracked: Meteoroid sounds can help | ScienceDaily
Every year, Earth gets a bit bigger. Thousands of metric tons of space dust fall from the sky, while about 50 tons per year of meteorites crash land somewhere on the surface. Since the 1960s, space junk has also occasionally returned to Earth, falling from a hazy sphere of trash encircling the planet. Remnants of rockets, tools lost by space-walking astronauts, defunct satellites, and more fly through lower Earth orbit, reaching speeds of 18,000 miles per hour. When any item -- whether space rock or space junk -- enters the atmosphere, scientists try to track its path to estimate where it will land. Will the item in question plunk straight down, or will it fly along at an angle before skittering to a halt?


						
In a new study to be presented at the General Assembly of the European Geosciences Union next week, Elizabeth Silber, a scientist at Sandia National Laboratories, will consider how infrasound sensors -- instruments that detect sounds at lower frequencies than humans can hear -- listen for bolides. Bolides are the bright flashes and booms from large meteoroids breaking apart high in the sky. These events release huge amounts of energy, creating shock waves that travel as infrasound signals across thousands of kilometers. But here's the challenge: bolides aren't like explosions that happen in one place. They are moving, generating sound along their path as they travel through the sky. This movement matters, especially for meteoroids and space debris that enter shallow angles. In those cases, different infrasound stations might pick up signals coming from different directions, making it harder to pinpoint the source.

Motivated by this problem, Silber used a network of infrasound sensors around the world maintained by the Comprehensive Test Ban Treaty Organization (CTBTO), an organization tasked with listening for illicit explosions. These instruments also record anything else that claps or booms, from thunder to supersonic aircraft. Using signals specifically from bolides, Silber isolated the purely geometric component for her analysis. She found that if a bolide enters Earth's atmosphere at a relatively steep angle -- greater than 60deg -- analysis of the infrasound signal gets the trajectory right. But when it comes more horizontally, the uncertainty increases.

"Infrasound from a bolide is more like a sonic boom stretched across the sky than a single bang," Silber says. "You must account for the fact that the sound is being generated along the flight path."

And so, this study highlights a critical need: to consider the trajectory of an object when interpreting infrasound data. Infrasound instruments are indispensable for planetary defense, according to Silber, and the findings are relevant to Earth-bound space junk. If you don't know where something is going, then you have a hard time preparing for it.
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Our ability to recognize objects depends on prior experience | ScienceDaily
Our brains begin to create internal representations of the world around us from the first moment we open our eyes. We perceptually assemble components of scenes into recognizable objects thanks to neurons in the visual cortex.


						
This process occurs along the ventral visual cortical pathway, which extends from the primary visual cortex at the back of the brain to the temporal lobes. It's long been thought that specific neurons along this pathway handle specific types of information depending on where they are located, and that the dominant flow of visual information is feedforward, up a hierarchy of visual cortical areas. Although the reverse direction of cortical connections, often referred to as feedback, has long been known to exist, its functional role has been little understood.

Ongoing research from the lab of Rockefeller University's Charles D. Gilbert is revealing an important role for feedback along the visual pathway. As his team demonstrates in a paper recently published in PNAS, this countercurrent stream carries so-called "top down" information across cortical areas that is informed by our prior encounters with an object. One consequence of this flow is that neurons in this pathway aren't fixed in their responsiveness but can adapt moment to moment to the information they're receiving.

"Even at the first stages of object perception, the neurons are sensitive to much more complex visual stimuli than had previously been believed, and that capability is informed by feedback from higher cortical areas," says Gilbert, head of the Laboratory of Neurobiology.

A different flow

Gilbert's lab has investigated fundamental aspects of how information is represented in the brain for many years, primarily by studying the circuitry underlying visual perception and perceptual learning in the visual cortex.

"The classical view of this pathway proposes that neurons at its beginning can only perceive simple information such as a line segment, and that complexity increases the farther up the hierarchy you go until you reach the neurons that will only respond to a specific level of complexity," he says.




Previous findings from his lab indicate that this view may be incorrect. His group has, for example, found that the visual cortex is capable of altering its functional properties and circuitry, a quality known as plasticity. And in work done with his Rockefeller colleague (and Nobel Prize winner) Torsten N. Wiesel, Gilbert discovered long-range horizontal connections along cortical circuits, which enable neurons to link bits of information over much larger areas of the visual field than had been thought. He's also documented that neurons can switch their inputs between those that are task relevant and those that are task irrelevant, underscoring the dexterity of their functional properties.

"For the current study, we were trying to establish that these capabilities are part of our normal process of object recognition," he says.

Seeing is understanding

Gilbert's lab spent several years studying a pair of macaques that had been trained in object recognition using images of a variety of objects the animals may or may not have had familiarity with, such as fruits, vegetables, tools, and machines. As the animals learned to recognize these objects, the researchers monitored their brain activity using fMRI to identify which regions responded to the visual stimuli. (This method was pioneered by Gilbert's Rockefeller colleague Winrich Freiwald, who has used it to identify regions of the brain that are responsive to faces.)

They then implanted electrode arrays, which enabled them to record the activity of individual nerve cells as the animals were shown images of the objects they'd been trained to recognize. Sometimes they were shown the full object, and other times a partial or tightly cropped image. Then they were shown a variety of different visual stimuli and indicated whether they found a match to the original object or not.

"These are called delayed match-to-sample tasks because there is a delay between when they see an object cue and when they are shown a second object or object component, to which they are trained to report whether the second image corresponds to the initial cue," Gilbert says. "While they're looking through all the visual stimuli to find a match, they have to use their working memory to keep in mind the original image."

Adaptive processing




The researchers found that over a range of visual targets, a single neuron may be more responsive to one target, and with another cue, they'll be more responsive to a different target.

"We learned these neurons are adaptive processors that change on a moment-to-moment basis, taking on different functions that are appropriate for the immediate behavioral context," Gilbert says.

They also demonstrated that the neurons found at the beginning of the pathway, thought to be limited to responding to simple visual information, were not actually so constrained in their abilities.

"These neurons are sensitive to much more complex visual stimuli than had previously been believed," he says. "There doesn't seem to be as large of a difference in terms of the degree of complexity represented in the early cortical areas relative to the higher cortical areas as previously thought."

These findings bolster what Gilbert believes is a novel view of cortical processing: that adult neurons do not have fixed functional properties but are instead dynamically tuned, changing their specificities with varying sensory experience.

Observation of cortical activity also revealed a potential functional role of reciprocal feedback connections in object recognition, where the flow of information from higher cortical areas to these lower ones contributes to their dynamic capabilities.

"We discovered that these so-called 'top-down' feedback connections convey information from areas of the visual cortex that represent previously stored information about the nature and identity of objects, which is acquired through experience and behavioral context," he says. "In a sense, the higher-order cortical areas send an instruction to the lower areas to perform a particular calculation, and the return signal -- the feedforward signal -- is the result of that calculation. These interactions are likely to be operating continually as we recognize an object and, more broadly speaking, make visual sense of our surroundings."

Autism research applications

The findings are part of an increasing recognition of the importance and prevalence of feedback information flow in the visual cortex -- and perhaps far beyond.

"I would argue that top-down interactions are central to all brain functions, including other senses, motor control, and higher order cognitive functions, so understanding the cellular and circuit basis for these interactions could expand our understanding of the mechanisms underlying brain disorders," Gilbert says.

To that end, his lab is beginning to investigate animal models of autism both at the behavioral and the imaging level. Will Snyder, a research specialist in Gilbert's lab, will study perceptual differences between autism-model mice and their wild-type littermates. In conjunction, the lab will observe large neuronal populations in the animals' brains as they engage in natural behaviors using the highly advanced neuroimaging technologies in the Elizabeth R. Miller Brain Observatory, an interdisciplinary research center located on Rockefeller's campus.

"Our goal is to see if we can identify any perceptual differences between these two groups and the operation of cortical circuits that may underlie these differences," Gilbert says.
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The secret to happiness lies within you, or society -- or both | ScienceDaily
What is the secret to happiness? Does happiness come from within, or is it shaped by external influences such as our jobs, health, relationships and material circumstances? A new study published in Nature Human Behaviour shows that happiness can come from either within or from external influences, from both, or neither -- and which is true differs across people.


						
People have long contemplated the sources of happiness. In recent years, efforts such as the World Happiness Report seek to improve wellbeing across the world.

"We have to understand the sources of happiness to build effective interventions," said Emorie Beck, assistant professor of psychology at the University of California, Davis and first author on the paper.

There are two major models of happiness. The "bottom-up" perspective holds that overall happiness comes from our satisfaction with domains of our life, such as wealth, enjoyable work and satisfying relationships. Surveys such as the World Happiness Report tend to follow this model, suggesting that we improve happiness at a societal level, for example through policies that improve people's income or environmental quality, rather than by targeting factors intrinsic to an individual.

"But we all know people in our lives who experience traumatic events yet seem to be happy," Beck said. Surveys have shown that across populations, only part of the happiness gap between groups of people can be assigned to factors such as wealth and life expectancy. This suggests a "top-down" perspective, where happiness comes not from external circumstances, but from personal attitudes and qualities, implying that we can improve happiness by improving our mental states through practices such as mindfulness meditation or therapy, rather than by targeting external factors.

A third model is bidirectional: The bottom-up and top-down influences interact with each other to generate overall happiness. From this perspective, targeting either intrinsic or external factors should improve well-being.

Surveys of life satisfaction

Beck and coauthors Joshua Jackson of Washington University in St. Louis; Felix Cheung of the University of Toronto; and Stuti Thapa of the University of Tulsa, Oklahoma looked at what determines individual happiness for a group of over 40,000 people. These were nationally representative panels of respondents who had taken part in separate surveys of life satisfaction in Germany, Britain, Switzerland, The Netherlands and Australia repeatedly for up to 30 years. The surveys captured both global life satisfaction over time and satisfaction in five domains: health, income, housing, work and relationships.




"What comes out is that we see roughly equal groups that demonstrate each pattern," Beck said. "Some are bottom up; some are top down, the domains don't affect their happiness; some are bidirectional and some are unclear."

In the latter group, the researchers could not find any clear connection between the five subdomains and global wellbeing. While these individuals may feel satisfied with their lives as a whole as well as with certain domains, they don't appear to influence each other over time. One possibility is that other things in their lives, from broader structural issues to specific events, may override these influences, Beck said.

The findings imply that measuring subjective wellbeing at the population level does not really reflect the experience of individuals. If the goal is to improve happiness across society, policies need to address both external factors such as health, income, housing and jobs and also individual qualities such as personal resilience and purpose in life.

Importantly, the most effective policies will be tailored to the individual themselves, Beck said. Targeting external factors for individuals whose happiness is not determined by them would likely be ineffective.

"These things are treated separately, but they aren't really. They feed into each other at a personal level," Beck said.

The work was supported in part by grants from the National Institute on Aging.
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Using principles of swarm intelligence, study compared platforms that allow brainstorming among large groups | ScienceDaily
Humans are not the only species that deliberate in groups to reach decisions; schools of fish, flocks of birds, and swarms of bees can reach rapid decisions about life-or-death issues before finding an optimal solution. Biologists refer to this collaborative decision-making process as swarm intelligence (SI), which enables many social organisms to make decisions that are significantly smarter than the decisions individual members could make on their own.


						
Artificial swarm intelligence (ASI) is a technology developed in 2014 to allow networked groups of people to make collaborative decisions by deliberating in systems modelled on biological swarms. A next-generation technology developed in 2023, conversational swarm intelligence (CSI), combines the principles of ASI with the power of large language models.

In a new study, researchers focused on the use of a CSI platform called Thinkscape to enable real-time brainstorming and prioritization among groups of networked users. The study used a variant of a common brainstorming intervention called an alternative use task (AUT) and compared brainstorming using a CSI platform to a traditional text-chat environment. Researchers found that participants significantly preferred the CSI platform.

The study, by researchers at Carnegie Mellon University and Unanimous AI, appears in the Proceedings of the 27th International Conference on Enterprise Information Systems.

"Overall, our results suggest that CSI is a promising GenAI-based method for brainstorming and prioritizing on a large scale," says Ganesh Mani, Professor of Innovation Practice and Director of Collaborative AI at Carnegie Mellon's Tepper School of Business, who coauthored the study. Gen AI, or generative artificial intelligence, is a type of artificial intelligence (AI) that can create new content using machine learning and natural language processing to mimic human creativity.

In this study, each of two groups of 75 participants took part in a 30-minute session in which they performed two AUT brainstorms for 12 minutes each (one using CSI and one in a traditional chat room). Then, each individual completed a subjective feedback survey to compare the two experiences. Among the study's findings:
    	Participants significantly preferred using CSI, reporting that it felt more collaborative and more productive, and was better at producing high-quality answers.
    	More than 80% of the participants reported feeling "more heard" during each CSI deliberation and came away feeling "more ownership" and "more buy-in" for the resulting answers than they did in a traditional real-time chat environment.

"Future studies of CSI should test collaborative brainstorming and prioritization among significantly larger groups to validate use among hundreds or thousands of simultaneous participants," suggests Anita Williams Woolley, Professor of Organizational Behavior at Carnegie Mellon's Tepper School of Business, who coauthored the study.

This new study expanded on the results of a 2024 study, also conducted by researchers at Carnegie Mellon and Unanimous AI, in which groups of 35 randomly selected participants were tasked with answering IQ test questions together in real-time. This research showed that when using the Thinkscape CSI platform, collaborating groups significantly increased their collective intelligence, averaging an effective IQ of 128 (the 97th percentile).

"Last year we found that CSI enables large, networked groups to make significantly smarter decisions," noted Louis Rosenberg, Chief Scientist of Unanimous AI and a coauthor of the study. "In this new research, we find that participants also feel more buy-in and ownership in the outcomes. Taken together, these two studies suggest CSI could have a very positive impact on how enterprise teams collaborate in the future."

Christopher Dishop, Post-Doctoral Fellow of Organizational Behavior and Theory at Carnegie Mellon's Tepper School of Business, who coauthored the study, adds, "The average Fortune 1000 company has more than 30,000 employees, so the ability to engage large groups in real-time discussions, brainstorms, evaluations, debates, assessments, and prioritizations could be a powerful collaborative way to solve problems, plan projects, forecast outcomes, assess risks, capture employee feedback, and encourage the cross-pollination of ideas across large companies."
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Study shows how millions of bird sightings unlock precision conservation | ScienceDaily

Researchers from the Cornell Lab of Ornithology analyzed 36 million bird observations shared by birdwatchers to the Cornell Lab's eBird program alongside multiple environmental variables derived from high-resolution satellite imagery for 495 bird species across North America from 2007 to 2021.

The team set out to develop reliable information about where birds are increasing or decreasing across North America, but the patterns they uncovered were startling.

Birds are declining most severely where they are most abundant -- the very places where they should be thriving. Eighty-three percent of the species they examined are losing a larger percentage of their population where they are most abundant.

"We're not just seeing small shifts happening, we're documenting populations declining where they were once really abundant. Locations that once provided ideal habitat and climate for these species are no longer suitable. I think this is indicative of more major shifts happening for the nature that's around us," said Alison Johnston, lead author and ecological statistician. Johnston initiated this study as a research associate at the Cornell Lab of Ornithology, and now she is a faculty member in the School of Mathematics and Statistics at the University of St. Andrews, UK.

This news follows on the heels of other recent research that documented widespread losses of birds in North America. The 2025 U. S. State of the Birds report showed bird declines in almost every biome in the nation, and a 2019 paper published in Science reported a cumulative population loss of nearly 3 billion birds in Canada and the U.S. since 1970. "The 2019 paper was telling us that we have an emergency, and now with this work we have the information needed to create an emergency response plan," said Johnston.

This research published in Science features recent bird population trends at 27 km by 27 km scales, the smallest parcels of land ever attempted for an analysis across such a large geographic area.




"This is the first time we've had fine scale information on population changes across such broad spatial extents and across entire ranges of species. And that provides us a better lens to understand the changes that are happening with bird populations," said Amanda Rodewald, faculty director of the Center for Avian Population Studies at the Cornell Lab of Ornithology.

Previously national and continental monitoring programs could estimate population trends only across entire ranges, regions, or states/provinces, but with advances in machine learning and the accumulation of vast amounts of data from participatory scientists, researchers can look at how well species are doing in areas about the size of New York City. Some species appear to be doing well across their range or within a region, but are fairing very poorly in specific locations within those regions.

"The thing that is super interesting is that for almost all species we found areas of population increases and decreases," said Johnston. "This spatial variation in population trends has been previously invisible when looking at broader regional summaries."

Areas where populations are increasing are the bright spots, said Johnston: "Areas where species are increasing where they're at low abundance may be places where conservation has been successful and populations are recovering, or they may point to locations where there may be potential for recovery."

Key findings from the study include:
    	    83% of the birds are faring worse where they are most abundant
    
    	    Grassland and Arctic tundra birds show particularly troubling trends
    
    	    


Population decreases are not uniform across a species range; nearly all species (97%) had some areas where the populations are increasing, a positive sign that can help direct conservation action
    

Knowing exactly where on the landscape declines are happening helps scientists start to identify the drivers of those declines and how to respond to them.

"It's this kind of small-scale information across broad geographies that has been lacking and it's exactly what we need to make smart conservation decisions. These data products give us a new lens to detect and diagnose population declines and to respond to them in a way that's strategic, precise, and flexible. That's a game changer for conservation," said Rodewald.

The study's detailed mapping of population changes will help conservation organizations and policymakers better target their efforts to protect declining bird species, which according to the authors is sorely needed to help reverse the declining population trends.

The research also reveals the power of participatory science data. "Knowledge is power. Because of the volunteers that engage in programs like eBird, because of their enthusiasm and engagement, and generosity of time, we now know more about bird populations and more about the environment than we ever have before," said Rodewald.

"Without the massive amount of data available from eBird, we would not have been able to complete this study," said Daniel Fink, a senior research associate and statistician at the Cornell Lab of Ornithology. But, Fink shared, with all of that information comes many analytical challenges. "We employed causal machine learning models and novel statistical methodologies that allowed us to estimate changes in populations with high spatial resolution while also accounting for biases that come from changes in how and where people go birding," Fink said. To ensure the reliability of the data the team ran over half a million simulations, stacking up more than 6 million hours of computing, which would take about 85 years to run on a standard laptop computer.

This research was made possible by funding from a number of different sources over several years: The Leon Levy Foundation, The Wolf Creek Foundation, and National Science ABI sustaining: DBI-1939187. Computing support was provided by grants from the National Science Foundation through CNS-1059284 and CCF-1522054. This work used Bridges2 at Pittsburgh Supercomputing Center and Anvil (Song et al. 2022) at the Rosen Center for Advanced Computing at Purdue University through allocation DEB200010 (DF, TA, SL, OR) from the Advanced Cyberinfrastructure Coordination Ecosystem: Services & Support (ACCESS) program, which is supported by NSF grants #2138259, #2138286, #2138307, #2137603, and #2138296.
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Exposure to extreme heat and cold temperature is leading to additional preventable deaths, new 19-year study suggests | ScienceDaily
Urgent action must be taken to reduce the ever-rising number of people killed by extreme temperatures in India, say the authors of a new 19-year study which found that 20,000 people died from heatstroke in the last two decades. Cold exposure claimed another 15,000 lives.


						
Findings published today in the peer-reviewed journal Temperature, also revealed that deaths from heatstroke are more common in men of working age and identified the states that are hotspots for deaths from heatstroke and from hypothermia and other conditions fuelled by the cold.

There is an upward moving, increasing trend in terms of mortality due to heatstroke and exposure to cold in India, with glaring variation across states.

"Deaths due to heatstroke is more significant, compared to deaths due to cold exposure, albeit recording an upward trend," says the study's lead author Professor Pradeep Guin, whose research at the O.P Jindal Global University (JGU), in Sonipat, India, is at the intersection of climate change, environment, health, politics and governance.

Hundreds of people die from the heat or cold each year in India and many of these deaths are avoidable.

Last year, Mungeshpur, in Delhi, recorded highest-ever summer temperature in India, at 52.9degC (126.1degF). Every summer, in India, we hear about heat-related deaths, which is avoidable. Similarly, some parts of the country -- not the traditionally colder states -- report deaths due to cold waves, which can be controlled. However, there needs to be adequate infrastructural and social safety-net support, the authors state.

"With an intense heatwave forecast to hit most of the country this summer and extreme weather events becoming more frequent around the globe as the world warms, there is no time to be lost in raising awareness about the dangers of extreme temperatures and putting in place measures to reduce their impact.




"Support systems exist, but more needs to be done," Professor Guin adds.

There is growing recognition of the harm excessive temperatures can do to health, however previous research has focused on developed nations and one-off events, such as heatwaves, rather than looking at low and middle-income countries and extreme temperatures that are starting to recur year after year.

India's size and geography make it prone to extremes of heat and cold and, when designing measures to keep the population safe, it is important to know which people and places are most at risk.

To identify the people who are most vulnerable to extremes of temperature and the states with the highest death tolls, Professor Guin and a group of scholars from JGU, conducted country-level analysis assessing 19 years (2001-2019) of data, and state-level analysis with 14 years (2001-2014) data.

The separate period of analysis was due to "variability in availability of data." They sourced most of their data from official data sources, such as the India Meteorological Department (IMD), the National Crime Records Bureau (NCRB), the Reserve Bank of India (RBI), and the Office of the Registrar General and Census Commissioner.

Analysis of temperature data from the Indian Meteorological Department and records of deaths from natural causes showed in India, between 2001 and 2019, there were a minimum of:
Not all deaths are typically recorded and so the figures may be an underestimate.

Nationally, maximum number of deaths due to both heatstroke and exposure to cold was reported in 2015 alone as:
Contrary to global evidence, which have found that women tend to be more susceptible to extreme heat, more males in India died due to exposure to extreme temperatures. During the study period (2001-2019), male deaths compared to female were three to five times higher due to heatstroke, and four to seven times more due to exposure to cold.

People in the age-group of 45-60 were most susceptible to die both due to heatstroke and cold exposure, followed by the elderly (60 and above) and those in between 30-45 years.

"The higher death toll from heatstroke in working-age men may reflect the fact that men are more likely to work outdoors than women," explains Professor Guin, who is also an expert in public policy.

"Even with improvements in the female labour force participation rate in India in the recent years, there are more men working outside in the open environment to meet their household needs. Physically demanding outdoor work, such as construction work, should be halted during heatwaves and those with other outdoor jobs, such as auto rickshaw drivers and gig economy workers, should be provided with adequate relief measures such as shaded parking areas with provisions for drinking water and toilets. Essentially, those who are working outside are more exposed to extreme heat, thereby the more vulnerable gender to death," said Professor Guin.

"We believe that the Government should consider offering some form of social support to outdoor workers, particularly low-income workers and those on a daily wage, who may feel they have no option but to turn up to work, whatever the temperature."

As to why more people died from the cold, despite winters getting warmer, this could be because the change in temperature wasn't uniform across the country.

"While the average winter temperature is increasing, some parts of India are experiencing new lows," says Professor Guin. "These states are not used to cold temperatures and so likely don't have measures in place to deal with them, which could explain why the number of deaths from the cold is rising."

A separate analysis of state-level data from 2001-2014, indicates that the three most vulnerable states to extreme heat are Andhra Pradesh, Uttar Pradesh, and Punjab.

Andhra Pradesh, on the east coast of Southern India, had the highest death toll from heatstroke followed by Uttar Pradesh and Punjab, in the north of the country.

Uttar Pradesh, Punjab, and Bihar are the top three states in terms of cold exposure mortality.

By conducting this more detailed state-level analysis -- which including monitoring other factors, apart from extreme temperature exposure, to explain mortality -- the research team was able to demonstrate in large urban populations, where more is spent on health, and other social sectors, there were fewer extreme temperature-related deaths.

Professor Guin adds: "Should it be surprising that most deaths due extreme temperatures are not being reported from traditionally either the hottest or coldest regions in India? This is likely due to higher adaptative mechanisms that help residents survive the harshest of temperature. On the other hand, states which recorded more extreme temperature-related deaths are likely to have lower adaptive mechanisms and need greater infrastructural and social safety-net support."

Co-author, Professor Nandita Bhan, of the Jindal School of Public Health and Human Development at the JGU, say the results show that there is an urgent need to develop and strengthen action plans for individual states.

"Several states in India are developing heat action plans that can provide relief through innovative built environment initiatives, and these need study as well as scale-up, including expanding cold action plans across more vulnerable states."

Local and simple language should be used to raise awareness about the danger posed by extreme temperatures. The number and quality of night shelters should be increased and living conditions for homeless people improved. Other measures include providing more shade, by for example, covering bus stops and walkways. The health system must also be better prepared and early warning systems need to be improved.

"In the future, further research and analytics at sub-national levels, including districts will be able to guide district authorities to make localised intervention plans, including improved early warning systems and enhanced welfare programs," says fellow co-author Keshav Sethi, a doctoral candidate at the Jindal School of Government and Public Policy.

"Collecting and collating data on temperature and mortality for a country the size and scale of India is challenging, and initiatives of state agencies to maintain these data archives is commendable. It allowed researchers like us to test our hypotheses and can lead to evidence-informed policy," concludes Professor Bhan.

"We are hopeful that our work will lead to a further momentum of collaborations to understand the global and national impacts of climate change on human health."

The study's limitations mainly relate to data. The analysis did not include socioeconomic data or information from hospital records and the state-level data only covered 2001 to 2014.
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Satellites observe glacier committing 'ice piracy'
        A glacier in Antarctica is committing 'ice piracy' -- stealing ice from a neighbor -- in a phenomenon that has never been observed in such a short time frame, say scientists.

      

      
        One glass, full color: Sub-millimeter waveguide shrinks AR glasses
        Augmented-reality (AR) technology is rapidly finding its way into everyday life, from education and healthcare to gaming and entertainment. However, the core AR device remains bulky and heavy, making prolonged wear uncomfortable. A breakthrough now promises to change that. A research team has slashed both thickness and weight using a single-layer waveguide.

      

      
        Waxing and waning prairie: New study unravels causes of ancient climate changes
        A long period of drought in North America has been recognized by scientists for decades. A new study links the severe climate to a change in Earth's orbit.

      

      
        Robotic dog mimics mammals for superior mobility on land and in water
        A team of researchers has unveiled a cutting-edge Amphibious Robotic Dog capable of roving across both land and water with remarkable efficiency.

      

      
        All of the biggest U.S. cities are sinking
        A new study of the 28 most populous U.S. cities finds that all are sinking to one degree or another. The cities include not just those on the coasts, where relative sea level is a concern, but many in the interior. Furthermore, using newly granular data, the study finds that some cities are sinking at different rates in different spots, or sinking in some places and rising in others, potentially introducing stresses that could affect buildings and other infrastructure.

      

      
        AI-designed DNA controls genes in healthy mammalian cells for first time
        A recent study marks the first reported instance of generative AI designing synthetic molecules that can successfully control gene expression in healthy mammalian cells. As a proof-of-concept, the authors of the study asked the AI to design synthetic fragments which activate a gene coding for a fluorescent protein in some cells while leaving gene expression patterns unaltered. They created the fragments from scratch and dropped them into mouse blood cells, where the sequence fused with the genome...

      

      
        Non-inherited genes affect children's development
        Parents' genes -- even when not directly inherited by a child -- may play a role in their educational and mental health outcomes, finds a new report.

      

      
        Feat of 'dung-gineering' turns cow manure into one of world's most used materials
        A new technique to extract tiny cellulose strands from cow dung and turn them into manufacturing-grade cellulose, currently used to make everything from surgical masks to food packaging, has been developed.

      

      
        Is virtual-only couture the new clothing craze?
        As fast fashion continues to fill wardrobes and landfills at a staggering pace, new research suggests that the future of fashion might lie not in fabric, but in pixels.

      

      
        Stellar collapse and explosions distribute gold throughout the universe
        Magnetar flares, colossal cosmic explosions, may be directly responsible for the creation and distribution of heavy elements across the universe, suggests a new study.

      

      
        Physicists snap the first images of 'free-range' atoms
        Physicists captured the first images of individual atoms freely interacting in space. The pictures reveal correlations among the 'free-range' particles that until now were predicted but never directly observed.

      

      
        Triassic fossil reveals nature's best jaw for hunting fast fish
        Newly discovered species of extinct fish shows striking similarities to unrelated modern-day predators, suggesting certain traits have emerged multiple times and remained consistent over hundreds of millions of years.

      

      
        Comb jellies reveal ancient origins of animal genome regulation
        Life depends on genes being switched on and off at exactly the right time. Even the simplest living organisms do this, but usually over short distances across the DNA sequence, with the on/off switch typically right next to a gene. This basic form of genomic regulation is probably as old as life on Earth. A new study finds that the ability to control genes from far away, over many tens of thousands of DNA letters, evolved between 650 and 700 million years ago. It probably appeared at the very daw...

      

      
        Cracking the code: Deciphering how concrete can heal itself
        Lichen is an understated presence in our everyday world, often found clinging to trees and rocks. Its true beauty lies in its unique symbiotic system of fungi and algae, or cyanobacteria, that form a self-sustaining partnership, allowing it to thrive in even the harshest conditions. With that inspiration, researchers created a synthetic lichen system that collaborates like natural lichens. Their system uses cyanobacteria, which turns air and sunlight into food, and filamentous fungi, which produc...

      

      
        T. rex's direct ancestor crossed from Asia to North America
        Tyrannosaurus rex evolved in North America, but its direct ancestor came from Asia, crossing a land bridge connecting the continents more than 70 million years ago, according to a new study.

      

      
        Study of velvet worm slime could revolutionize sustainable material design
        A new discovery about the slime ejected by velvet worms could revolutionize sustainable material design. The findings outline how a naturally occurring protein structure, conserved across species from Australia, Singapore and Barbados over nearly 400 million years of evolution, enables the slime's transformation from liquid to fiber and back again. It's a discovery that could inspire next-generation recyclable bioplastics.

      

      
        New drone-assisted 3D model offers a more accurate way to date dinosaur fossils
        A new study is reshaping how scientists date dinosaur fossils in Alberta's Dinosaur Provincial Park (DPP). Using advanced drone-assisted 3D mapping, researchers have uncovered significant variations in a key geological marker, challenging long-standing methods of determining the ages of dinosaur fossils.

      

      
        Two new crocodile species discovered
        Biologists have discovered two previously unknown species of crocodiles, one living on the island of Cozumel and the other on the atoll of Banco Chinchorro, both off the Yucat n Peninsula. The findings challenge long-held assumptions about the American crocodile (Crocodylus acutus) and highlight the urgent need for conservation efforts, the researchers say.

      

      
        Study suggests we don't just hear music, but 'become it'
        Psychologists suggest our brains and bodies don't just understand music, they physically resonate with it. These discoveries, based on findings in neuroscience, music, and psychology, support Neural Resonance Theory (NRT).

      

      
        Gender characteristics of service robots can influence customer decisions
        While service robots with male characteristics can be more persuasive when interacting with some women who have a low sense of decision-making power, 'cute' design features -- such as big eyes and raised cheeks -- affect both men and women similarly, according to new research.

      

      
        NASA's NICER maps debris from recurring cosmic crashes
        Astronomers have probed the physical environment of repeating X-ray outbursts near monster black holes thanks to data from NASA's NICER (Neutron star Interior Composition Explorer) and other missions.

      

      
        Would a musical triangle of any other shape sound as sweet?
        Researchers captured sound fields around musical triangles. They wanted to understand the physical properties of the triangle instrument, test assumptions about the contribution of the triangle shape, and capture clear documentation through pictures of the sound waves around the triangle. Using acousto-optic imaging to study detailed characteristics of sound vibration pattern, the team found results that suggest resonance may occur in the triangle's semi-open space.

      

      
        Bridging Worlds: Physicists develop novel test of the Holographic Principle
        In the quest toward finding the correct theory of quantum gravity, physicists have been testing the holographic principle which, they say, is a key property of any valid theory of quantum gravity.

      

      
        Accordion effect makes graphene stretchable
        Graphene is a 'miracle material': mechanically extremely strong and electrically highly conductive, ideal for related applications. Using a unique method physicists have now made graphene drastically more stretchable by rippling it like an accordion. This paves the way for new applications in which certain stretchability is required (e.g. wearable electronics).

      

      
        Ancient Andes society used hallucinogens to strengthen social order
        Snuff tubes uncovered at Chavin de Huantar in Peru reveal how leaders used mystical experiences to cement their power.

      

      
        How are they biting? High speed video reveals unexpected jaw movements in reef fish
        Some reef fish have the unexpected ability to move their jaws from side to side, biologists have discovered. This ability -- which is rare among vertebrate animals -- allows these fish to feed rapidly and efficiently on algae growing on rocks.

      

      
        Children as young as five can navigate a 'tiny town'
        Neuroscientists are developing methods to map the brain systems that allow us to recognize and get around our world.

      

      
        Text-to-video AI blossoms with new metamorphic video capabilities
        Computer scientists have developed a new AI text-to-video model that learns real-world physics knowledge from time-lapse videos.

      

      
        New theory of gravity brings long-sought Theory of Everything a crucial step closer
        Researchers have developed a new quantum theory of gravity which describes gravity in a way that's compatible with the Standard Model of particle physics, opening the door to an improved understanding of how the universe began.

      

      
        Saving the Asian 'unicorn' -- if it still exists
        The saola, an antelope-like bovine, is one of the world's rarest and most endangered mammals. In fact, it hasn't been observed in over 10 years. Researchers have now mapped the saola's complete genome, and they have used that knowledge to estimate the chances of saving it -- if it still exists.

      

      
        Blue tips are red algae's red flags
        Some red algae exhibit structural color that gives their growth tips a blue hue and the rest of their bodies including their fruiting structures a white hue. Moreover, since the color-producing structures are located together with anti-herbivory chemicals, the discovery further suggests that red algae use colors for inter-species communication.

      

      
        Ancient poems tell the story of charismatic river porpoise's decline over the past 1,400 years
        Endemic to China's Yangtze River, the Yangtze finless porpoise is known for its intelligence and charismatic appearance; it looks like it has a perpetual smile on its face. To track how this critically endangered porpoise's habitat range has changed over time, a team of biodiversity and conservation experts compiled 724 ancient Chinese poems referencing the porpoise from historic collections across China. Their results show that the porpoise's range has decreased by at least 65% over the past 1,4...

      

      
        The future of brain activity monitoring may look like a strand of hair
        Researchers have created a hairlike device for long-term, non-invasive monitoring of the brain's electrical activity. The lightweight and flexible electrode attaches directly to the scalp and delivers stable, high-quality electroencephalography (EEG) recordings.

      

      
        Space junk falling to Earth needs to be tracked:  Meteoroid sounds can help
        Space junk and meteoroids are falling to Earth every year, posing a growing risk as they re-enter the atmosphere at high speeds. Researchers are using infrasound sensors to track these objects, including bolides, which are meteoroids breaking apart in the sky. New research shows that infrasound signals can help track these objects, but the trajectory needs to be considered, especially for objects entering at shallow angles. This study highlights the importance of improving monitoring techniques f...

      

      
        The all-female Korean Haenyeo divers show genetic adaptions to cold water diving
        The Haenyeo, a group of all-female divers from the Korean island of Jeju, are renowned for their ability to dive in frigid waters without the aid of breathing equipment -- even while pregnant. A study shows that the divers' remarkable abilities are due to both training and genetic adaptation, including gene variants associated with cold tolerance and decreased blood pressure. The divers also showed pronounced bradycardia, or slowing of the heart rate, when they dived, but this trait is likely due...
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Satellites observe glacier committing 'ice piracy' | ScienceDaily
A glacier in Antarctica is committing "ice piracy" -- stealing ice from a neighbour -- in a phenomenon that has never been observed in such a short time frame, say scientists. 


						
This activity was previously believed to take place over hundreds or even thousands of years. 

However, high-resolution satellite observations reveal one huge glacier has been relentlessly pinching ice from its slower-moving neighbour over a period of less than 18 years.

University of Leeds researchers say it is unprecedented that this change in ice flow direction can be directly witnessed in Antarctica over such a short time span and its discovery is an important step in improving our understanding of the future of Antarctica and its contribution to sea level rise.  

Their findings are published today (8 May) in the journal The Cryosphere.

A study, led by Leeds, shows the speeding up of seven ice streams in West Antarctica, with one almost doubling in speed (87%) at the boundary where the ice meets the ocean between 2005 and 2022, and three speeding up by between 60% and 84% during that time. Six of the streams reached average speeds of over 700 metres per year in 2022 -- equivalent to advancing the length of seven football pitches in one year, a remarkably fast pace for ice.

The team used satellite data to measure the change in ice speed in the Pope, Smith and Kohler (PSK) region in West Antarctica.   

They found the ice streams had sped up by 51% on average since 2005, at the grounding line -- the point at which glaciers and ice shelves start to float. Grounding lines provide evidence of ice-sheet instability, because changes in their position reflect imbalance with the surrounding ocean and affect the flow of inland ice. 




However, the research team found that one piece of data was particularly striking. 

In stark contrast to the widespread acceleration observed between 2005 and 2022 on all other glaciers in the region, the ice stream on Kohler West slowed by 10%. The fastest rate of speed change was observed on its neighbour, Kohler East, as well as Smith West Glacier, which were flowing around 560 m/yr faster in 2022 compared to 2005. 

Nowadays, several glaciers around Antarctica are responding to climate change by flowing faster into the ocean. When the flow of a glacier speeds up, its ice becomes more stretched and thins at the same time, yet the Kohler West ice stream has slowed down.

Lead author Dr Heather Selley, who undertook this work as a PhD researcher in the School of Earth and Environment at the University of Leeds, said: "We think that the observed slowdown on Kohler West Glacier is due to the redirection of ice flow towards its neighbour -- Kohler East. This is due to the large change in Kohler West's surface slope, likely caused by the vastly different thinning rates on its neighbouring glaciers.  

"Because Kohler East's ice stream is flowing and thinning faster as it travels, it absorbs, or "steals" ice from Kohler West. 

"This is effectively an act of 'ice piracy', where ice flow is redirected from one glacier to another, and the accelerating glacier is essentially 'thieving' ice from its slowing neighbour." 

She added: "We didn't know ice streams could 'steal' ice from each over such a short period, so this is a fascinating discovery. 




"It's unprecedented as we're seeing this from satellite data and it's happening at a rate of under 18 years, whereas we've always thought it was this extremely long, slow process." 

International collaboration

The team calculated the ice velocity using a tracking technique which measures the displacement of visible features at or near the ice surface, such as crevasses or rifts.  Data on ice-thinning rates from the European Space Agency's (ESA) CryoSat mission was also used in the study.

Leeds collaborated on the study with researchers from the British Antarctic Survey (BAS) and the UK Centre for Polar Observation and Modelling (CPOM) -- which is led from Northumbria University -- using data provided by satellites belonging to ESA, Japan Aerospace Exploration Agency, Canadian Space Agency and NASA.  

Pierre Dutrieux, study co-author and climate researcher at BAS, said: "This study provides an interesting demonstration of ice piracy, where flow into one glacier gradually switches to flow into another glacier, as the ocean melts the grounding zone and re-configures ice flow." 

The team set out to establish mechanisms and impact of changes in conditions that impact how fast the ice flows, such as warming of the ocean, change in ocean circulation, change in air temperature and the amount of snow falling. 

They found that redirection of ice flow and 'piracy' at previously unobserved rates has changed the amount of ice flowing into the floating shelves that are fed by these streams. 

Crosson Ice Shelf, around 40 miles wide -- roughly the distance from Leeds to Manchester -- and Dotson Ice Shelf, around 30 miles wide -- roughly the distance from Leeds to York -- are two of the most rapidly changing outlets in West Antarctica, displaying both significant thinning and grounding-line retreat in recent decades.  

Future effects

Professor Anna Hogg, study co-author and Professor of Earth Observation in the School of Earth and Environment at the University of Leeds, said: "The changes in flow direction have substantially altered the ice mass flux into Dotson and Crosson Ice Shelves, likely playing an important role in maintaining Dotson and accelerating the deterioration of Crosson.  

"This suggests that ice flow redirection is an important new process in contemporary ice sheet dynamics, which is required to understand present-day structural change in glaciers and the future evolution of these systems."  

Over 410 million people could be at risk from rising sea levels by 2100 as a result of the climate crisis. Observed sea level rise data shows that global sea levels have already risen by more than 10 cm over the last decade.  

Dr Martin Wearing, ESA Digital Twin Earth Scientist and Polar Science Cluster Coordinator, said: "This new study highlights the unique ability of satellites to provide both the temporal and spatial coverage required to assess change in the polar regions.

"Using data from Copernicus Sentinel-1 and ESA's Earth Explorer CryoSat, the team has revealed the complex evolution of ice flow in part of West Antarctica over the past few decades. Understanding these changing dynamics and what drives them is crucial for improved projections of future ice-sheet change and contributions to sea-level rise."

The research was funded by UKRI Natural Environment Research Council (NERC), ESA and NASA Headquarters. 
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One glass, full color: Sub-millimeter waveguide shrinks AR glasses | ScienceDaily
Augmented-reality (AR) technology is rapidly finding its way into everyday life, from education and healthcare to gaming and entertainment. However, the core AR device remains bulky and heavy, making prolonged wear uncomfortable. A breakthrough from POSTECH now promises to change that.


						
One of the main hurdles to the commercialization of AR glasses has been the waveguide. In AR optics, the lens itself also serves as a "highway of light," guiding virtual images directly to the user's eye. Due to chromatic dispersion, conventional designs have required separate waveguide layers for red, green, and blue light -- three to six stacked glass sheets -- inevitably increasing both weight and thickness.

Professor Junsuk Rho and colleagues at POSTECH have eliminated the need for multiple layers by developing an achromatic metagrating that handles all colors in a single glass layer. The key is a array of nanoscale silicon-nitride (Si?N?) pillars whose geometry was finely tuned by a stochastic topology-optimization algorithm to steer light with maximum efficiency.

In experiments, the researchers produced vivid full-color images using a 500-mm-thick single-layer waveguide -- about one-hundredth the diameter of a human hair. They also secured a comfortable 9-mm eyebox, ensuring images remain sharp even if the viewer's eye shifts slightly.

The new design erases color blur while outperforming multilayer optics in brightness and color uniformity. Once commercialized, this technology could make AR glasses as thin and light as ordinary eyewear, reducing wearer fatigue and trimming manufacturing costs thanks to a simpler process. The era of truly everyday AR is a step closer.

"This work marks a key milestone for next-generation AR displays," said Prof. Rho. "Coupled with scalable, large-area fabrication, it brings commercialization within reach."

The study, authored by Junsuk Rho (corresponding author, POSTECH), Seokwoo Kim, Joohoon Kim, and Seokil Moon, was carried out by POSTECH's Departments of Mechanical, Chemical and Electrical Engineering and the Graduate School of Interdisciplinary Bioscience & Bioengineering, in collaboration with the Visual Team at Samsung Research. It was published online on April 30, 2025 in Nature Nanotechnology. This research was supported by POSCO Holdings N.EX.T Impact, Samsung Research, the Ministry of Trade, Industry and Energy's Alchemist Project, the Ministry of Science and ICT's Global Convergence Research Support Program, and the Mid-Career Researcher Program.
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Waxing and waning prairie: New study unravels causes of ancient climate changes | ScienceDaily
A long period of drought in North America has been recognized by scientists for decades. A new study links the severe climate to a change in Earth's orbit.


						
A new study from the University of Helsinki has provided a compelling new explanation for the devastating droughts which have taken place in North America thousands of years ago.This period, known as the Holocene, covers the time of generally warm climate following the last ice age. These exceptionally long-lasting droughts had drastic impacts on forest dieback and ecosystem transformations; understanding their causes is essential to improving societal resilience to future climate variations.

The reasons for these long droughts, however, have remained obscure. In the new study published in Nature Communications, University of Helsinki researchers, joined by co-authors from U.S., German and Swedish research institutions, analyse the development and causes of the drought in eastern North America, in a broad region spanning from the Rocky Mountains to the Atlantic Ocean.

"Evidence from the last 11,000 years highlights that North American water supplies have changed dramatically in the past, at times extending drought as severe as the 1930s Dust Bowl drought for centuries to millennia. Understanding the causes and consequences of these droughts can help improve our ability to anticipate future change," explains Bryan Shuman, co-author of the study from University of Wyoming.

In the new study, the researchers used datasets of fossil pollen grains, which have been recovered from numerous locations in North America over the past several decades. Using a computer algorithm based on machine learning, the researchers were able to reconstruct the variation of moisture levels over the Holocene based on the fossil pollen.

The study was led by J. Sakari Salonen, an Academy of Finland research fellow at the Department of Geosciences and Geography, at University of Helsinki. According to Salonen, the study confirms that the moisture conditions were continuously below modern levels for thousands of years.

Salonen notes, however, that different parts of North America experienced different drought histories. "The dry conditions first kick in in the northeastern U.S. and the nearby regions of Canada, which is today one of the wetter regions of North America. Here, we see peak drought already at 11,000 years ago," says Salonen.




The drought, then, shifts west. Salonen explains: "In the mid-continent, where we have modern prairie region, we see most severe drought at about 7,000 years ago, so thousands of years later than at the Atlantic coast. By this time, the Atlantic coast was already getting wetter, and it's like the entire climate anomaly causing the thousands-of-years long drought started migrating westward."

"Particularly in the eastern US, there's often a perception today that water is always available. However, studies of the past show that these long droughts can trigger major shifts in fire regime and tree die-offs, even in the east. So it's critical to understand the spatial patterns of these droughts and their causes," says Jack Williams from University Wisconsin-Madison, who also contributed to the study.

The researchers compared their Holocene climate reconstructions to numerical climate simulations which they ran for the same time periods. These supercomputer experiments allowed the scientists to explore what could have caused the long droughts.

Frederik Schenk, atmospheric physicist at Stockholm University and visiting scientist at University of Helsinki, tells that the new generation of climate models, performed at 2-4 times greater resolution than before, proved decisive in unravelling the causes of the drought.

The causes revealed by the climate simulations, tells Schenk, are two-fold. "The simulations show that in the early Holocene, the high-pressure system at the ice sheet, remaining in the northern part of the continent, steered moisture transport, which explains the geographic shift in dry conditions," says Schenk. After the ice sheet melted, drought set in across the entire region, as summers got increasingly warm and dry.

The Holocene drought has interesting parallels with the future climate that is expected to take hold in North America over the next decades, as anthropogenic climate change progresses. By the end of this century, most of North America is projected to become increasingly dry, despite gradually increasing precipitation. This is because the increase in evaporation, due to the warming climate, is predicted to dry out surface soils even as rainfall increases.




The researchers note that this is exactly what they see in their simulations of the Holocene drought. "Overall, a warmer climate will be wetter. But this doesn't apply to all regions. As seen in our results, there are clear regional limits of how much rain can be delivered to balance the warming-driven evaporation. For the strong summer warming in the past, it just didn't add up, giving way to millennia-long droughts," explains Schenk.

However, the underlying causes of the past and future drought are different. In the early Holocene, drying was caused by a slow change in Earth's orbit, which caused summers to get warmer, finally pushing much of North America into drought. Now, the ongoing warming and the predicted drier conditions are due to the rapid increase in greenhouse gases in the atmosphere.

"If the climate projections for this century hold true, we're looking at a speed-run repeat of what happened, for natural causes, ten thousand years ago," says Salonen.

Changes in Earth's orbit drive long-term climate change

Long-term natural climate change is greatly affected by gradual changes in Earth's orbit. These changes, which impact for example the tilt of Earth's rotational axis and the shape of Earth's elliptical orbit around the Sun, are known as Milankovic cycles and have periodicities ranging from about 26,000 to 100,000 years.

During the Quaternary period (past 2.6 million years), the Milankovic cycles have caused repeated ice ages and intervening warm periods, known as interglacials. The peak of the last ice age, approximately 20,000 years ago, occurred when the northern hemisphere received comparatively little sunlight due to the geometry of the Earth's orbit, allowing large ice sheets to accumulate in the northern parts of North America and Europe.

By 10,000 years ago, a reversal in the orbit had melted much of the northern ice sheets, giving way to the Holocene, the current interglacial. During the period of greatest warmth around 10,000 to 4,000 years ago, known as the Holocene thermal maximum, many parts of the Earth were significantly warmer than during the preindustrial era. The new results of University of Helsinki researchers and their co-authors suggest that this warmth was also a key driver of the multi-millennial droughts in North America.

During the past millennia, Earth has been gradually cooling following the Holocene thermal maximum. This long-term climate trend has, however, been interrupted by the abrupt warming caused by the anthropogenic increase in greenhouse gases in the atmosphere. Following the warming in the past century, it is estimated that Earth is currently warmer than it has been in at least 100,000 years, as climatic variability has been forced out of its long-term natural cycle.

Funding

The study was funded by the Research Council of Finland, the Swedish Research Council for Sustainable Development (FORMAS), the Swedish Research Council (Vetenskapsradet), and the U.S. National Science Foundation.
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Robotic dog mimics mammals for superior mobility on land and in water | ScienceDaily
A team of researchers has unveiled a cutting-edge Amphibious Robotic Dog capable of roving across both land and water with remarkable efficiency. The study, published in IOP Publishing's Bioinspiration and Biometrics, was inspired by mammals' ability to move through water as well as on land.


						
Existing amphibious robots are largely inspired by reptiles or insects, and often face limitations in agility, dynamics, and load capacity. Basing the amphibious robot on the swimming style of dogs allows for it to easily transition between land and water and overcome many of the challenges faced by insect-inspired designs.

The amphibious robot paves the way for future applications in environmental research, military vehicles, rescue missions, and beyond.

To enhance its water mobility, the amphibious robotic dog features a unique paddling mechanism, modelled after the swimming motion of dogs. Careful engineering of its structure, including precise weight and buoyancy balance, ensures stable and effective aquatic performance.

The team developed and tested three distinct paddling gaits:
    	Two doggy paddle-inspired approaches optimised for speed and propulsion
    	A trot-like paddling style, designed for enhanced stability in water

Through extensive experimentation, the doggy paddle method proved superior for speed, achieving a maximum water speed of 0.576 kilometres per hour (kph), while the trot-like style prioritised stability. On land, the amphibious robotic dog reaches speeds of 1.26 kph, offering versatile mobility in amphibious environments.

"This innovation marks a big step forward in designing nature-inspired robots," says Yunquan Li, corresponding author of the study.

"Our robot dog's ability to efficiently move through water and on land is due to its bioinspired trajectory planning, which mimics the natural paddling gait of real dogs. The double-joint leg structure and three different paddling gaits address previous limitations such as slow swimming speeds and unrealistic gait planning, making the robotic dog much more effective in water."
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All of the biggest U.S. cities are sinking | ScienceDaily
A new study of the 28 most populous U.S. cities finds that all are sinking to one degree or another. The cities include not just those on the coasts, where relative sea level is a concern, but many in the interior. Furthermore, using newly granular data, the study finds that some cities are sinking at different rates in different spots, or sinking in some places and rising in others, potentially introducing stresses that could affect buildings and other infrastructure. Massive ongoing groundwater extraction is the most common cause of these land movements, say the authors, though other forces are at work in some places.


						
The study was published this week in the journal Nature Cities.

"As cities continue to grow, we will see more cities expand into subsiding regions," said lead author Leonard Ohenhen, a postdoctoral researcher at the Columbia Climate School's Lamont-Doherty Earth Observatory. "Over time, this subsidence can produce stresses on infrastructure that will go past their safety limit."

Rapidly subsiding coastal metropolises such as Jakarta, Venice and New Orleans have already drawn major attention, and multiple recent studies have shown that many places along the U.S. East Coast and elsewhere are subsiding. But most studies have relied on relatively sparse data spread over wide areas to paint a broad picture.

Looking at all U.S. cities with populations exceeding 600,000, the new study uses recent satellite data to map out vertical land movements down to the millimeter in grids measuring just 28 meters (about 90 feet) square. The authors found that in 25 of the 28 cities, two-thirds or more of their area is sinking. Overall, about 34 million people live in affected areas.

The fastest-sinking city is Houston, with more than 40% of its area subsiding more than 5 millimeters (about 1/5 inch) per year, and 12% sinking at twice that rate. Some localized spots are going down as much as 5 centimeters (2 inches) per year. Two other Texas cities, Fort Worth and Dallas, are not far behind. Some localized fast-sinking zones in other places include areas around New York's LaGuardia Airport, and parts of Las Vegas, Washington, D.C. and San Francisco.

In addition to measuring surface-elevation changes, the researchers analyzed county-level groundwater withdrawals for the affected areas. Correlating this with land movements, they determined that groundwater removal for human use was the cause for 80% of overall sinkage. Generally, this happens as water is withdrawn from aquifers made up of fine-grained sediments; unless the aquifer is replenished, the pore spaces formerly occupied by water can eventually collapse, leading to compaction below, and sinkage at the surface. In Texas, the problem is exacerbated by pumping of oil and gas, the paper says.




The researchers say that continued population growth and water usage combined with climate-induced droughts in some areas will likely worsen subsidence in the future.

In some areas, natural forces are at work. In particular, the weight of the towering ice sheet that occupied much of interior North America until about 20,000 years ago made the land along its edges bulge upward, somewhat like when one squeezes air from one part of a balloon to another. Even today, with the ice long gone, some of these bulges are still subsiding at rates of 1 to 3 millimeters each year. Affected cities include New York, Indianapolis, Nashville, Philadelphia, Denver, Chicago and Portland.

Even the sheer weight of buildings may be taking a toll. One 2023 study found that New York's more than 1 million buildings are pressing down on the Earth so hard that they may be contributing to the city's ongoing subsidence. A more recent separate study found that some buildings in the Miami area are sinking in part due to disruptions in the subsurface caused by construction of newer buildings nearby.

The new study found that eight cities (New York, Chicago, Los Angeles, Phoenix, Houston, Philadelphia, San Antonio and Dallas) account for more than 60% of the people living on sinking land. Notably, these eight cities have seen more than 90 significant floods since 2000, probably driven in part by lowering topography.

Another key finding: some cities are seeing differential motion, with adjoining localities sinking at different rates, or even sinking while other areas rise; the upward motion possibly caused by quick recharge of aquifers near rivers or other water sources. (Uplift in certain areas is actually more than compensating for overall sinkage in three cities: Jacksonville, Fla.; Memphis, Tenn. and San Jose, Calif.)

Differential motion is a problem because, as the authors point out, if a whole urban area is moving up or down evenly at the same rate, that minimizes the danger of stresses to building foundations and other infrastructure. But if structures are subjected to an array of uneven vertical movements, they can experience dangerous tilting.




"Unlike flood-related subsidence hazards, where risks manifest only when high rates of subsidence lower the land elevation below a critical threshold, subsidence-induced infrastructure damage can occur even with minor changes in land motion," the authors write.

The study found that only about 1% of the total land area in the 28 cities lies within zones where differential motion could affect buildings, roads, rail lines and other structures. However, these areas tend to be in the densest urban cores, and currently contain some 29,000 buildings. The most hazardous cities in this regard are San Antonio, where the researchers say 1 in 45 buildings are subject to high risk; Austin (1 in 71); Fort Worth (1 in 143) and Memphis (1 in 167).

The upshot for individual structures in these areas is unclear; it probably would require an even finer-grained study, said Ohenhen. An earlier study of 225 U.S. building collapses between 1989 and 2000 found that only 2% were directly attributable to subsidence. However, the factors behind 30% were designated unknown, suggesting that subsidence could have played a larger role, says the new study.

The paper concludes that cities should use this new information to focus on solutions. They say that in many places, flooding can be mitigated with land raising, enhanced drainage systems and green infrastructure such as artificial wetlands to absorb floodwaters. Cities susceptible to tilting hazards can focus on retrofitting existing structures, integrating land motions into building codes, and limiting new building in the areas of most threat.

"As opposed to just saying it's a problem, we can respond, address, mitigate, adapt," said Ohenhen. "We have to move to solutions."

The study was coauthored by researchers from Virginia Tech, the Netherlands Organisation for Applied Scientific Research, University of California Berkeley, Texas A&M University, University of Colorado Boulder, Brown University and United Nations University.
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AI-designed DNA controls genes in healthy mammalian cells for first time | ScienceDaily

The model then predicts which combination of DNA letters (A, T, C, G) are needed for the gene expression patterns required in specific types of cells. Researchers can then chemically synthesise the roughly 250-letter DNA fragments and add them to a virus for delivery into cells.

As a proof-of-concept, the authors of the study asked the AI to design synthetic fragments which activate a gene coding for a fluorescent protein in some cells while leaving gene expression patterns unaltered. They created the fragments from scratch and dropped them into mouse blood cells, where the sequence fused with the genome at random locations. The experiments worked exactly as predicted.

"The potential applications are vast. It's like writing software but for biology, giving us new ways of giving instructions to a cell and guiding how they develop and behave with unprecedented accuracy," says Dr. Robert Fromel, first author of the study who carried out the work at the Centre for Genomic Regulation (CRG) in Barcelona.

The study could lead to new ways for gene-therapy developers to boost or dampen the activity of genes only in the cells or tissues that need adjusting. It also paves the way for new strategies to fine-tune a patient's genes and make treatments more effective and reduce side effects.

The work marks an important milestone in in the field of generative biology. To date, advances in the field have largely benefited protein design, helping scientists create entirely new enzymes and antibodies faster than ever before. However, many human diseases stem from faulty gene expression that is cell-type specific, for which there might never be a perfect protein drug candidate.

Gene expression is controlled by regulatory elements like enhancers, tiny fragments of DNA which switch genes on or off. To fix faulty gene expression, researchers can comb through genomes looking for naturally-existing enhancers that happen to suit their needs, limiting themselves to the sequences evolution has produced.




AI-generated enhancers can help engineer ultra-selective switches that nature has not yet invented. They can be designed to have exactly the on/off patterns required in specific types of cells, a level of fine-tuning which is crucial for creating therapies that avoid unintended effects in healthy cells.

However, the development of AI models requires lots of high-quality data, which has been historically lacking for enhancers. "To create a language model for biology, you have to understand the language cells speak. We set out to decipher these grammar rules for enhancers so that we can create entirely new words and sentences," explains Dr. Lars Velten, corresponding author of the study and researcher at the Centre for Genomic Regulation (CRG).

The authors of the study created huge volumes of biological data to build their AI model by carrying out thousands of experiments with lab models of blood formation. They studied both enhancers and transcription factors, proteins also involved in controlling gene expression.

Until now, scientists studying enhancers and transcription factors typically used cancer cell lines because they are easier to work with. The researchers worked with healthy cells instead because it's more representative of human biology. Their work helped uncover subtle mechanisms that shape our immune system and blood cell production.

Over five years, the team synthesised more than 64,000 synthetic enhancers, each carefully designed to test different arrangements and strengths of binding sites for 38 different transcription factors. It's the largest library of synthetic enhancers ever built in blood cells to date.

Once inserted into the cells, the team tracked exactly how active each synthetic enhancer became across seven stages of blood-cell development. They discovered that while many enhancers activate genes in one type of cell, they repress genes in another.




Most enhancers worked like a volume dial, turning gene activity up or down. Surprisingly, certain combinations acted like on/off switches. The scientists call this "negative synergy," meaning two factors that usually turn a gene on individually could effectively shut that gene down when they occur together.

The data from the experiments was crucial in setting out the design principles of the machine learning model. Once the model had enough measurements of how each synthetic enhancer changed gene activity in real cells, it could predict new designs that yield on/off outcomes, even if these enhancers had never existed in nature.

The study was designed to determine if a technology can work in practice before committing to larger-scale research. The researchers have only scratched the surface. Both humans and mice have an estimated 1,600 transcription factors regulating their genomes.

The work was carried out by Lars Velten, Robert Fromel, Julia Ruhle, Aina Bernal Martinez, Chelsea Szu-Tu and Felix Pacheco Pastor, all members of Lars Velten's research group at the Centre for Genomic Regulation. Rosa Martinez Corral from the Barcelona Collaboratorium, a joint initiative between the CRG and EMBL-Barcelona, also took part. The research was funded by an ERC Starting Grant from the European Union and a grant of the Spanish National Agency for Research.
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Non-inherited genes affect children's development | ScienceDaily
Parents' genes -- even when not directly inherited by a child -- may play a role in their educational and mental health outcomes, finds a new report by UCL researchers.


						
The report, Understanding the intergenerational transmission of educational (under)achievement, which was funded by the Nuffield Foundation, evaluated how parental genetics can influence child development through the environment provided by their parents (for example, reading habits or access to better resources), also known as "genetic nurture" or "indirect genetic effects."

The researchers reviewed 12 published studies, involving 38,654 families from the UK, Australia, the Netherlands, Iceland and the United States, alongside performing an original analysis using genetic data from 4,580 families in the UK.

They then used a statistical tool called polygenic scoring to summarise the cumulative effect of hundreds of thousands of genetic variants across the genome (a person's complete set of genetic instructions) that are associated with particular traits, such as educational attainment.

They found that parental polygenic scores for education had a strong effect on children's educational outcomes, such as years of education completed or school grades, even after accounting for genetic transmission.

This is because parents with a higher genetic predisposition toward education may be more likely to read to their children or invest in learning resources. These behaviours can positively affect the child, regardless of whether they inherited the relevant genes.

The researchers also found a tentative link between non-inherited genes and mental health traits, including hyperactivity and inattention, emotional symptoms, conduct problems, and peer problems, or prosocial behaviour (e.g. helping others, sharing, showing empathy, and comforting someone in distress).




The strongest effects were found around the age of three and involved parental genetic predispositions for traits such as motivation, perseverance, emotional regulation, and self-control (e.g. non-cognitive skills).

This finding suggests that parents with better non-cognitive skills may be especially able to support their children early in life.

For both educational and mental health related outcomes, indirect genetic influences were stronger in early childhood.

Co-investigator Dr Jose J. Morosoli (UCL Psychology & Language Sciences) said: "Through this project, we show how genetics and environment are deeply intertwined, challenging the idea that inherited genetics alone determine outcomes.

"We found that both direct inheritance of genes and the environment shaped by parents' genetics influence children's education and mental health. Ignoring these indirect genetic effects can lead to misleading conclusions.

"Additionally, the impact of genetics and environment changes as children grow, suggesting that early interventions focusing on parents might prove fruitful, while later efforts could benefit from targeting the children themselves."

When the team accounted for family socioeconomic status and parental education, indirect genetic effects dropped by approximately 75%.




This suggests that the effect of non-inherited genes was largely explained by family socioeconomic position and parental education.

For example, parents with higher socioeconomic status and education levels may have access to the necessary resources to provide their children with opportunities linked to better outcomes -- regardless of genetic factors.

As a result, the researchers are calling for future studies to explore the specific resource-based disparities that drive educational underachievement.

Principal investigator Professor Jean-Baptiste Pingault (UCL Psychology & Language Sciences) said: "Our findings echo evidence that family resources and opportunities partly shape children's developmental outcomes -- further illustrating the importance of providing consistent and developmentally appropriate support to children and their families.

"This research supports the UK Government's calls for life-course approaches to mental health and development, highlighting the importance of early intervention and sustained support throughout childhood."

Study limitations

It is critical to stress that the genetic effects found in the report are small and not deterministic. They cannot be used to make individual predictions or guide education policy. The value of this work lies in improving our understanding of human development and informing better research into the causes of traits and behaviours, especially research aiming to understand the interplay between social and biological factors
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Feat of 'dung-gineering' turns cow manure into one of world's most used materials | ScienceDaily
A new technique to extract tiny cellulose strands from cow dung and turn them into manufacturing-grade cellulose, currently used to make everything from surgical masks to food packaging, has been developed by researchers from UCL and Edinburgh Napier University.


						
The study, published in The Journal of Cleaner Production, describes the new 'pressurised spinning' innovation and its potential to create cellulose materials more cheaply and cleanly than some current manufacturing methods, using a waste product from the dairy farming industry, cow dung, as the raw material.

The advance is the first time that manufacturing-grade cellulose has been derived from animal waste and is a prime example of circular economy, which aims to minimise waste and pollution by reusing and repurposing resources wherever possible.

The researchers say that implementing the technology would be a win-win situation for manufacturers, dairy farmers and the environment.

Cellulose is one of the world's most commonly used manufacturing materials. Found naturally in the cell walls of plants, it was first used to create synthetic materials in the mid-19th century, including the original material used in photographic film, celluloid.

Today it can be found in everything from cling film to surgical masks, paper products, textiles, foods and pharmaceuticals. Though it can be extracted organically, it is also often produced synthetically using toxic chemicals.

Pressurised spinning (or pressurised gyration) is a manufacturing technology that uses the forces of pressure and rotation simultaneously to spin fibres, beads, ribbons, meshes and films from a liquid jet of soft matter. The multiple award-winning technology was invented in 2013 by a team from UCL Mechanical Engineering led by Professor Mohan Edirisinghe.




Professor Edirisinghe, the senior author of the study, said: "Our initial question was whether it could be possible to extract the tiny fragments of cellulose present in cow manure, which is left over from the plants the animals have eaten, and fashion it into manufacturing-grade cellulose materials.

"Extracting the fragments from dung was relatively straightforward using mild chemical reactions and homogenisation, which we then turned into a liquid solution. But when we tried to turn the fragments into fibres using pressurised spinning technology, it didn't work.

"By a process of trial and error, we figured out that using a horizontal rather than a vertical vessel containing surface nozzles and injecting the jet of liquid into still or flowing water caused cellulose fibres to form. We were then able to change the consistency of the liquid to create other forms, such as meshes, films and ribbons, each of which have different manufacturing applications.

"We're still not quite sure why the process works, but the important thing is that it does. It will also be fairly easy to scale up using existing pressurised spinning technology, the vessels for which were designed and built in the UCL Mechanical Engineering workshop."

The new technique, called horizontal nozzle-pressurised spinning, is an energy efficient process that doesn't require the high voltages of other fibre production techniques such as electrospinning.

The team say that adapting existing pressurised spinning machines to the new process should be relatively straightforward. The greater challenge is likely to be the logistics of sourcing and transporting the raw material, cow dung, but that the environmental and commercial benefits of doing so would be significant.




Ms Yanqi Dai, first author of the study from UCL Mechanical Engineering, said: "Dairy farm waste such as cow manure is a threat to the environment and humans, especially through waterway pollution, the release of greenhouse gases into the atmosphere when it decomposes, and the spread of pathogens. It is also often a burden on farmers to dispose of properly.

"Horizontal nozzle-pressurised spinning could be a huge boost to the global dairy farming industry, by putting this problematic waste product to good use and perhaps creating a new source of income."

The research team is currently seeking opportunities to work with dairy farmers to take advantage of the technology and scale it up.

Animal waste is a growing problem globally. Research in 2019 estimated that the amount of animal waste is due to increase by 40% between 2003 and 2030 to at least five billion tons, with many farms producing more manure than they can legitimately use as fertiliser. This waste often finds its way into water, where it can have a devastating effect on ecosystems and even lead to disease in humans.

Core pressurised spinning research at UCL was made possible by grants awarded by UK Research and Innovation (UKRI).
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Is virtual-only couture the new clothing craze? | ScienceDaily
As fast fashion continues to fill wardrobes and landfills at a staggering pace, new research from the University of Portsmouth suggests that the future of fashion might lie not in fabric, but in pixels.


						
In a multi-study paper published in the International Journal of Retail and Distribution Management, a team of researchers has delved into the growing phenomenon of e-fashion -- digital garments worn in virtual environments -- and found these intangible items could help bridge the gap between fast fashion and environmental sustainability.

From Instagram filters to gaming skins, the idea of digital self-presentation isn't new. But fashion brands are now taking things a step further, offering digital-only collections that exist purely on-screen.

These clothes can change colour, morph shape, and even communicate with physical counterparts via near-field communication (NFC) chips. Crucially, they come without the environmental baggage of traditional production, shipping or waste. Their production, consumption and disposal don't require using raw and difficult-to-recycle materials such as polyester. The research studied how consumers respond to the unique appeal of digital clothing and what drives their willingness to pay for garments they can't physically touch, try and own.

Findings show that consumers with a strong appetite for novel and tactile experiences are particularly drawn to e-fashion, valuing its creativity, customisability and interactivity. For them, virtual couture is not a compromise but an additional new frontier in personal style.

Conventional logic suggests that consumers with a strong need for touch, who enjoy physically inspecting and trying on a garment, are less likely to find e-fashion appealing.

However, the research challenges this logic. It learns that consumers with a high need for touch, and a high sensation-seeking, are an ideal target market for virtual clothing.




The research found that consumers could mentally simulate the tactile features of e-fashion, a process that becomes increasingly feasible and vivid with the adoption of virtual reality headsets.

One of the co-authors, Dr Kokho (Jason) Sit, Senior Lecturer in Marketing at the University of Portsmouth, said: "Whether e-fashion is a fleeting fad or a long-lasting trend remains to be seen, but its environmental potential is undeniable. Unlike fast fashion's reliance on low-cost, often non-recyclable materials and landfill-heavy turnover, digital garments can be produced, consumed, and discarded with a single keystroke -- or perhaps several keystrokes. No raw materials, modern slavery, shipping and delivery are involved, reducing deforestation, inhumane working conditions, carbon footprint and landfills."

"This research shows that e-fashion isn't just a gimmick for gamers or influencers. It can potentially disrupt the fast fashion model in a profitable way for fashion brands, exciting for consumers and better for the planet."

While it may not entirely replace physical fashion, the study suggests e-fashion could meaningfully reduce our reliance on high-volume, low-value clothing and help curb the environmental toll of an industry that urgently needs reform.
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Stellar collapse and explosions distribute gold throughout the universe | ScienceDaily
Magnetar flares, colossal cosmic explosions, may be directly responsible for the creation and distribution of heavy elements across the universe, suggests a new study.


						
For decades, astronomers only had theories about where some of the heaviest elements in nature, like gold, uranium and platinum, come from. But by taking a fresh look at old archival data, researchers now estimate that up to 10% of these heavy elements in the Milky Way are derived from the ejections of highly magnetized neutron stars, called magnetars.

Until recently, astronomers had unwittingly overlooked the role that magnetars, essentially dead remnants of supernovae, might play in early galaxy formation, said Todd Thompson, co-author of the study and a professor of astronomy at The Ohio State University.

"Neutron stars are very exotic, very dense objects that are famous for having really big, very strong magnetic fields," said Thompson. "They're close to being black holes, but are not."

While the origins of heavy elements had long been a quiet mystery, scientists knew that they could only form in special conditions through a method called the r-process (or rapid-neutron capture process), a set of unique and complex nuclear reactions, said Thompson.

Scientists saw this process in action when they detected the collision of two super-dense neutron stars in 2017. This event, captured using NASA telescopes, the Laser Interferometer Gravitational wave Observatory (LIGO) and other instruments, provided the first direct evidence that heavy metals were being created by celestial forces.

But further evidence showed that other mechanisms might be needed to account for all these elements, as neutron star collisions might not produce heavy elements fast enough in the early universe. According to this new study, building on these clues helped Thompson and his collaborators recognize that powerful magnetar flares could indeed serve as a potential ejectors of heavy elements, a finding confirmed by 20-year-old observations of SGR 1806-20, a magnetar flare so bright that some measurements of the event could only be made by studying its reflection off the moon.




By analyzing this magnetar flare event, researchers determined that the radioactive decay of the newly created elements matched up with their theoretical predictions about the timing and types of energies released by a magnetar flare after it ejected heavy r-process elements. The researchers also theorized that magnetar flares produce heavy cosmic rays, extremely high-velocity particles whose physical origin remains unknown.

"I love new ideas about how systems work, how new discoveries work, how the universe works," Thompson said. "That's why results like this are really exciting."

The study was recently published in The Astrophysical Journal Letters.

Magnetars may provide unique insights into galactic chemical evolution, including the formation of exoplanetary systems and their habitability.

Not only do magnetars produce valuable metals like gold and silver that end up on Earth, the supernova explosions that cause them also produce elements like oxygen, carbon and iron that are vital for many other, more complex celestial processes.

"All of that material they eject gets mixed into the next generation of planets and stars," said Thompson. "Billions of years later, those atoms are incorporated into what could potentially amount to life."

Altogether, these findings have deep implications for astrophysics, particularly for scientists studying the origin of both heavy elements and fast radio bursts -- brief shivers of electromagnetic radio waves from faraway galaxies. Understanding how matter ejects from magnetars could help scientists learn more about them.




Due to their rarity and short duration, magnetar flares can be difficult to observe,

and current space-based telescopes like the James Webb Space Telescope and Hubble don't have the dedicated abilities needed to detect and study their emission signals. Even more specialized observatories like NASA's Fermi Gamma-ray Space Telescope can only see the brightest part of gamma-ray flashes from nearby galaxies.

Instead, one proposed NASA mission, the Compton Spectrometer and Imager (COSI), could bolster the team's work by surveying the Milky Way for energetic events like giant magnetar flares. Though another event like SGR 1806-20 might not occur this century, if a magnetar flare did detonate in our backyard, COSI could be used to better identify the individual elements created from its eruption and allow this team of researchers to confirm their theory about where heavy elements in the universe come from.

"We're generating a bunch of new ideas about this field, and ongoing observations will lead to even more great connections," said Thompson.

The study was supported by the National Science Foundation, NASA, the Charles University Grant Agency and the Simons Foundation. Co-authors include Anirudh Patel and Brian D. Metzger from Columbia University, Jakub Cehula from Charles University in Prague, Eric Burns from Louisiana State University and Jared A. Goldberg from the Flatiron Institute.
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Physicists snap the first images of 'free-range' atoms | ScienceDaily
MIT physicists have captured the first images of individual atoms freely interacting in space. The pictures reveal correlations among the "free-range" particles that until now were predicted but never directly observed. Their findings, appearing in the journal Physical Review Letters, will help scientists visualize never-before-seen quantum phenomena in real space.


						
The images were taken using a technique developed by the team that first allows a cloud of atoms to move and interact freely. The researchers then turn on a lattice of light that briefly freezes the atoms in their tracks, and apply finely tuned lasers to quickly illuminate the suspended atoms, creating a picture of their positions before the atoms naturally dissipate.

The physicists applied the technique to visualize clouds of different types of atoms, and snapped a number of imaging firsts. The researchers directly observed atoms known as "bosons," which bunched up in a quantum phenomenon to form a wave. They also captured atoms known as "fermions" in the act of pairing up in free space -- a key mechanism that enables superconductivity.

"We are able to see single atoms in these interesting clouds of atoms and what they are doing in relation to each other, which is beautiful," says Martin Zwierlein, the Thomas A. Frank Professor of Physics at MIT.

In the same journal issue, two other groups report using similar imaging techniques, including a team led by Nobel laureate Wolfgang Ketterle, the John D. MacArthur Professor of Physics at MIT. Ketterle's group visualized enhanced pair correlations among bosons, while the other group, from Ecole Normale Superieure in Paris, led by Tarik Yefsah, a former postdoc in Zwierlein's lab, imaged a cloud of noninteracting fermions.

The study by Zwierlein and his colleagues is co-authored by MIT graduate students Ruixiao Yao, Sungjae Chi, and Mingxuan Wang, and MIT assistant professor of physics Richard Fletcher.

Inside the cloud

A single atom is about one-tenth of a nanometer in diameter, which is one-millionth of the thickness of a strand of human hair. Unlike hair, atoms behave and interact according to the rules of quantum mechanics; it is their quantum nature that makes atoms difficult to understand. For example, we cannot simultaneously know precisely where an atom is and how fast it is moving.




Scientists can apply various methods to image individual atoms, including absorption imaging, where laser light shines onto the atom cloud and casts its shadow onto a camera screen.

"These techniques allow you to see the overall shape and structure of a cloud of atoms, but not the individual atoms themselves," Zwierlein notes. "It's like seeing a cloud in the sky, but not the individual water molecules that make up the cloud."

He and his colleagues took a very different approach in order to directly image atoms interacting in free space. Their technique, called "atom-resolved microscopy," involves first corralling a cloud of atoms in a loose trap formed by a laser beam. This trap contains the atoms in one place where they can freely interact. The researchers then flash on a lattice of light, which freezes the atoms in their positions. Then, a second laser illuminates the suspended atoms, whose fluorescence reveals their individual positions.

"The hardest part was to gather the light from the atoms without boiling them out of the optical lattice," Zwierlein says. "You can imagine if you took a flamethrower to these atoms, they would not like that. So, we've learned some tricks through the years on how to do this. And it's the first time we do it in-situ, where we can suddenly freeze the motion of the atoms when they're strongly interacting, and see them, one after the other. That's what makes this technique more powerful than what was done before."

Bunches and pairs

The team applied the imaging technique to directly observe interactions among both bosons and fermions. Photons are an example of a boson, while electrons are a type of fermion. Atoms can be bosons or fermions, depending on their total spin, which is determined by whether the total number of their protons, neutrons, and electrons is even or odd. In general, bosons attract, whereas fermions repel.




Zwierlein and his colleagues first imaged a cloud of bosons made up of sodium atoms. At low temperatures, a cloud of bosons forms what's known as a Bose-Einstein condensate -- a state of matter where all bosons share one and the same quantum state. MIT's Ketterle was one of the first to produce a Bose-Einstein condensate, of sodium atoms, for which he shared the 2001 Nobel Prize in Physics.

Zwierlein's group now is able to image the individual sodium atoms within the cloud, to observe their quantum interactions. It has long been predicted that bosons should "bunch" together, having an increased probability to be near each other. This bunching is a direct consequence of their ability to share one and the same quantum mechanical wave. This wave-like character was first predicted by physicist Louis de Broglie. It is the "de Broglie wave" hypothesis that in part sparked the beginning of modern quantum mechanics.

"We understand so much more about the world from this wave-like nature," Zwierlein says. "But it's really tough to observe these quantum, wave-like effects. However, in our new microscope, we can visualize this wave directly."

In their imaging experiments, the MIT team were able to see, for the first time in situ, bosons bunch together as they shared one quantum, correlated de Broglie wave. The team also imaged a cloud of two types of lithium atoms. Each type of atom is a fermion, that naturally repels its own kind, but that can strongly interact with other particular fermion types. As they imaged the cloud, the researchers observed that indeed, the opposite fermion types did interact, and formed fermion pairs -- a coupling that they could directly see for the first time.

"This kind of pairing is the basis of a mathematical construction people came up with to explain experiments. But when you see pictures like these, it's showing in a photograph, an object that was discovered in the mathematical world," says study co-author Richard Fletcher. "So it's a very nice reminder that physics is about physical things. It's real."

Going forward, the team will apply their imaging technique to visualize more exotic and less understood phenomena, such as "quantum Hall physics" -- situations when interacting electrons display novel correlated behaviors in the presence of a magnetic field.

"That's where theory gets really hairy -- where people start drawing pictures instead of being able to write down a full-fledged theory because they can't fully solve it," Zwierlein says. "Now we can verify whether these cartoons of quantum Hall states are actually real. Because they are pretty bizarre states."

This work was supported, in part, by National Science Foundation through the MIT-Harvard Center for Ultracold Atoms, as well as by the Air Force Office of Scientific Research, the Army Research Office, the Department of Energy, the Defense Advanced Projects Research Agency, a Vannevar Bush Faculty Fellowship, and the David and Lucile Packard Foundation.
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Triassic fossil reveals nature's best jaw for hunting fast fish | ScienceDaily
The best jaw for hunting fast fish is long and full of sharp teeth.


						
This makes sense to us, but it also makes sense in nature: New fossil evidence from Virginia Tech geoscientists revealed that different species of predatory fish independently evolved similar jaw structure hundreds of millions of years apart.

"The same evolutionary problem is being solved in the same way. You make yourself into an arrow, and you turn your jaws into a fish trap," said Jack Stack, a graduate student in the Department of Geosciences and lead author on an April study published the Journal of Vertebrate Paleontology.

Working alongside paleobiologists Michelle Stocker and Sterling Nesbitt with junior microbiology major Maranda Stricklin, Stack drew this conclusion by analyzing a fossilized Triassic-era fish, Saurichthys justicias (pronounced sir-ick-these), sifted out of an ancient river deposit in western Texas.

This particular deposit has been a treasure trove for the Virginia Tech fossil team. But it probably was "pretty gross" when the river was flowing 225 million years ago, Stack said.

"It was a muddy little pool, full of poop and dead animals, dead fish," Stack said.

The paleobiologists recognized a fossiliferous rock layer when they spotted fossil fish scales, a telltale sign that more fossils could be found beneath the surface.




After collecting and screenwashing sediment from the site, they sorted it under a microscope and took high-resolution photos. When the jawbone emerged, Stricklin took point. The undergraduate researcher used micro-CT scanning technology to create a three-dimensional cross section, revealing all that remained of a foot-long skillful killer.

The wicked countenance resembles modern-day pike or needlefish with their elongated toothy jaws, and yet Saurichthys justicias evolved entirely independently from these fish. It is from an extinct branch of ray-finned fishes -- a group that comprises more than 50 percent of all living vertebrate species, including familiar animals such as goldfish, tuna, bass, and approximately 35,000 other species.

In addition to uncovering how and why certain evolutionary traits reemerge again and again, long-lost Saurichthys justicias is already helping scientists reconstruct the history of ray-finned fish to better understand today's animals and better anticipate how they will respond to freshwater ecosystem changes still to come.

New genus and species
    	The genus name Saurichthysderives from the Greek word "sauros" meaning lizard and the Greek word "Ichthus"meaning fish.
    	The species name justicias derives from the Latin term "iustitia" meaning justice, named for the town of Justiceburg, Texas, where the fossil was unearthed.
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Comb jellies reveal ancient origins of animal genome regulation | ScienceDaily
Life depends on genes being switched on and off at exactly the right time. Even the simplest living organisms do this, but usually over short distances across the DNA sequence, with the on/off switch typically right next to a gene. This basic form of genomic regulation is probably as old as life on Earth.


						
A new study published today in Nature by researchers at the Centre for Genomic Regulation (CRG) and the Centre Nacional d'Analisi Genomica (CNAG) finds that the ability to control genes from far away, over many tens of thousands of DNA letters, evolved between 650 and 700 million years ago. It probably appeared at the very dawn of animal evolution, around 150 million years earlier than previously thought.

Long-distance gene control, called distal regulation, relies on physically folding DNA and proteins into sophisticated loops. This allows regions far from a gene's starting point to activate its function. This extra layer of control likely helped the first multicellular animals build specialised cell types and tissues without inventing new genes.

The critical innovation likely originated in a sea creature, the common ancestor or all extant animals. The ancient animal evolved the ability to fold DNA in a controlled manner, creating loops in three-dimensional space that brought far-flung bits of DNA in direct contact with each other.

"This creature could repurpose its genetic toolkit in different ways like a Swiss knife, enabling it to refine and explore innovative survival strategies. We did not expect this layer of complexity to be so ancient," says Dr. Iana Kim, first author of the study and postdoctoral researcher with dual affiliation between the Centre for Genomic Regulation (CRG) and the Centre Nacional d'Analisis Genomica (CNAG).

The authors of the study made the discovery by exploring the genomes of many of the oldest branches on the animal family tree, including comb jellies like the 'sea walnut' (Mnemiopsis leidyi), placozoans, cnidarians, and sponges. They also studied single-celled relatives that are not animals but share a recent common ancestor.

"You can discover a lot of new biology by looking at weird sea creatures. So far, we had been comparing genome sequences, but thanks to new methods we can now analyse which gene regulation mechanisms control genome function across species," explains ICREA Research Professor Arnau Sebe-Pedros, corresponding author of the study and Group Leader at the Centre for Genomic Regulation.




The team used a technique called Micro-C to map how DNA physically folds inside the cells of each of the 11 different species they studied. For scale, each human cell nucleus packs about two metres of DNA. The researchers sifted through 10 billion pieces of sequencing data to build each species' 3D genome map in detail.

While there was no evidence of distal regulation in the single-celled relatives of animals, early-branching animals like comb jellies, placozoans and cnidarians had many loops. The sea walnut alone had over four thousand loops genome-wide. The finding is surprising given its genome is around just 200 million DNA letters long. In comparison, the human genome is 3.1 billion letters long and our cells can have tens of thousands of loops.

Until now, distal regulation was thought to have first appeared in the last common ancestor of bilaterians, a group of many different types of animals which first appeared on Earth around 500 million years ago. However, comb jellies are descended from life forms which diverged early from other animal lineages around 650 to 700 million years ago.

Whether comb jellies are older than sponges in the tree of life is a longstanding debate in evolutionary biology circles, but the study demonstrates that distal regulation arose at least one hundred and fifty million years earlier than previously thought.

The study made another surprising discovery. Many animals are vertebrates. In their cells, loops are controlled by CTCF, an architectural protein which defines boundaries and compartmentalises genes into different local neighbourhoods. It is a foundational unit of genomic architecture in mammals, birds, reptiles, amphibians, and fish. However, the genomes of the early-branching animals do not encode any equivalent protein to CTCF. Instead, the authors discovered that comb jellies use a different architectural protein belonging to the same structural family. The discovery shatters the assumption that advanced genomic, distal regulation require CTCF.

"It is impressive that the same problem has been solved using different tools. Thanks to this work, we now know that you can use two different proteins to bring distal DNA pices together in space forming a loop. Isn't evolution marvellous?" says ICREA Research Professor Marc A. Marti-Renom, Group Leader at the Centre Nacional d'Analisi Genomic and the Centre for Genomic Regulation.

Like sponges and comb jellies, humans are also made of the same building blocks of DNA. Today, our bodies rely on the ancient innovation of distal regulation to help create different types of cells from the same DNA, producing everything from brain cells to immune cells. When these contacts go wrong, diseases can arise.

By tracing distal regulation to animals that lived many hundreds of million years ago, researchers can begin to piece together how the earliest versions of genomic regulation took shape, providing new clues about the fundamental principles that govern our cells and bodies today. This can help us understand where the system is robust and where it's prone to failure, potentially guiding new medical insights or therapies.

This work was led by the Centre for Genomic Regulation (CRG), in collaboration with Marc A. Marti Renom's Group at the Centre Nacional d'Analisis Genomica, the University of Bergen, Queen Mary University of London, the Prefectural University of Hiroshima, and the University of Alberta. It was funded by an ERC Starting Grant (European Research Council) from the European Union.
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Cracking the code: Deciphering how concrete can heal itself | ScienceDaily
Imagine concrete healing its own cracks like human skin recovering from a cut. That's the vision behind the latest research of Dr. Congrui Grace Jin, published in Materials Today Communications. 


						
Addressing one of the most persistent and expensive problems in construction, Jin, an assistant professor in the Department of Engineering Technology and Industrial Distribution, has taken inspiration from nature to develop a synthetic lichen system to enable concrete to self-repair.

Concrete is the most widely used building material on Earth, yet it suffers from the dangerous flaw of cracking easily. These cracks, big or small, can lead to catastrophic structural failure, as witnessed in the collapse of a building, bridge or highway.

The key to overcoming this critical challenge lies in understanding how concrete forms and how to exploit that process. Concrete is made by mixing crushed stone and sand with powdered clay and limestone. When water is added, the combination hardens through a chemical reaction called hydration. Once set, it becomes strong enough to support everything from 18-wheelers crossing bridges to people living in towering skyscrapers. However, natural forces like freeze-thaw cycles, drying shrinkage and heavy loads cause cracks. Even those barely visible to the naked eye can allow liquids and gasses to reach embedded steel reinforcements, causing corrosion and weakening structures.

Discovering cracks before they endanger lives is a high-stakes and costly challenge, with the U.S. annually spending tens of billions of dollars repairing concrete infrastructure. Locating cracks in bridges and highways that are constantly in use is especially difficult.

"Microbe-mediated self-healing concrete has been extensively investigated for more than three decades," says Jin, "but it still suffers from one important limitation -- none of the current self-healing approaches are fully autonomous since they require an external supply of nutrients for the healing agents to continuously produce repair materials." For example, after inspectors go through the laborious process of locating a crack, they may then have to inject or spray nutrients into the crack, which is not practical.

Jin's solution? Harness the power of lichen systems to allow concrete to heal itself without outside intervention.




Lichen is an understated presence in our everyday world, often found clinging to trees and rocks. Its true beauty lies in its unique symbiotic system of fungi and algae, or cyanobacteria, that form a self-sustaining partnership, allowing it to thrive in even the harshest conditions.

With that inspiration, Jin and her researchers, Dr. Richard Wilson, Nisha Rokaya and Erin Carr of the University of Nebraska-Lincoln, with funding by the Young Faculty Award program of DARPA, created a synthetic lichen system that collaborates like natural lichens.

Their system uses cyanobacteria, which turns air and sunlight into food, and filamentous fungi, which produces minerals that seal the cracks. Working together, these microbes survive on nothing more than air, light and water. The autonomy of this system sets it apart from previous self-healing concrete endeavors.

In lab tests, these microbe pairs were able to grow and produce crack-filling minerals even in challenging environments such as concrete.

Jin takes her work beyond the lab to consider wider implications. She is collaborating with professors from Texas A&M University's social science departments to develop a better understanding of the public's perception about using living organisms in construction and the ethical, social, environmental and legal issues involved.

This groundbreaking research has far-reaching potential and applications.

Concrete that can heal itself could significantly reduce maintenance costs, extend its longevity and even protect lives through increased safety. It can also have a dramatic impact in all areas of sustainable construction, including space infrastructure.
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T. rex's direct ancestor crossed from Asia to North America | ScienceDaily

The study, published in Royal Society Open Science, also found that the rapid growth in size of tyrannosaurids (the group that included the T. rex) as well as a closely related group called megaraptors coincided with a cooling of the global climate following a peak in temperatures 92 million years ago.

This suggests T. rex and its cousins might have been better suited to cooler climates than other dinosaur groups at the time, perhaps due to having feathers or a more warm-blooded physiology.

The international team involved researchers from the universities of Oxford, Pittsburgh, Aberdeen, Arizona, Anglia Ruskin, Oklahoma and Wyoming.

Lead author Cassius Morrison, a PhD student at UCL Earth Sciences, said: "The geographic origin of T. rex is the subject of fierce debate. Palaeontologists have been divided over whether its ancestor came from Asia or North America.

"Our modelling suggests the 'grandparents' of T. rex likely came to North America from Asia, crossing the Bering Strait between what is now Siberia and Alaska.

"This is in line with past research finding that the T. rex was more closely related to Asian cousins such as the Tarbosaurus than to North American relatives such as Daspletosaurus.




"Dozens of T. rex fossils have been unearthed in North America but our findings indicate that the fossils of T. rex's direct ancestor may lie undiscovered still in Asia."

The research team concluded that T rex. itself evolved in North America, specifically in Laramidia, the western half of the continent, where it was widely distributed.

They disagreed with conclusions published last year that a T. rex relative, Tyrannosaurus mcraeensis, found in New Mexico, predated T. rex by three to five million years -- a finding that pointed to T. rex having North American ancestry. The team argued that this T. mcraeensis fossil was not reliably dated.

For the new study, the researchers explored how tyrannosaurids and their cousins the megaraptors moved around the globe. They used mathematical models drawing on fossils, dinosaurs' evolutionary trees and the geography and climate of the time. Importantly, the models account for gaps in the fossil record, incorporating uncertainty into the calculations.

Megaraptors are regarded as the most mysterious of the large, meat-eating dinosaurs, as few megaraptor fossils have been found. In contrast to the T. rex, they evolved slender heads and arms as long as a person is tall, with claws up to 35cm (14in) long.

The researchers concluded that megaraptors were more widely distributed across the globe than previously thought, likely originating in Asia about 120 million years ago and spreading to Europe and then throughout the large southern landmass of Gondwana (including present-day Africa, South America and Antarctica).




This would mean megaraptors lived in parts of the world (Europe and Africa) where no megaraptor fossils have been found so far.

It may be that they evolved differently from their tyrannosaurid cousins, with killing claws rather than a powerful bite, because they hunted different prey. In southern Gondwana, they may have preyed on (juvenile) sauropods, whereas T. rex hunted Laramidian species such as Triceratops, Edmontosaurus and Ankylosaurus. 

Both tyrannosaurids and megaraptors grew to gigantic sizes at broadly the same time, as the climate cooled following a peak in global temperatures known as the Cretaceous Thermal Maximum 92 million years ago. This rapid growth followed the extinction of other giant meat-eaters, carcharodontosaurids, which left a vacuum at the top of the food chain.

The researchers suggested that tyrannosaurs -- both tyrannosaurids and megaraptors -- may have been able to better exploit cooler temperatures than rival dinosaur groups.

At the end of the age of the dinosaurs, T. rex weighed up to nine tonnes (about the same as a very large African elephant or a light tank), while megaraptors reached lengths of 10 metres.

Co-author Charlie Scherer, an MSci Earth Sciences graduate and soon to be PhD student at UCL, and founder of UCL's Palaeontology Society, said: "Our findings have shined a light on how the largest tyrannosaurs appeared in North and South America during the Cretaceous and how and why they grew so large by the end of the age of dinosaurs.

"They likely grew to such gigantic sizes to replace the equally giant carcharodontosaurid theropods that went extinct about 90 million years ago. This extinction likely removed the ecological barrier that prevented tyrannosaurs from growing to such sizes."

Co-author Dr Mauro Aranciaga Rolando, from the Bernardino Rivadavia Natural Sciences Argentine Museum, Buenos Aires, Argentina, said: "At the beginning of their evolutionary history, around 120 million years ago, megaraptors were part of a widespread and diverse dinosaur fauna.

"As the Cretaceous period progressed and the continents that once formed Gondwana began to drift apart, these predators became increasingly specialised. This evolutionary shift led them to inhabit more specific environments.

"While in regions like Asia megaraptors were eventually replaced by tyrannosaurs, in areas such as Australia and Patagonia they evolved to become apex predators, dominating their ecosystems."
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Study of velvet worm slime could revolutionize sustainable material design | ScienceDaily
A new discovery about the slime ejected by velvet worms could revolutionize sustainable material design, according to a study by McGill University researchers. Their findings outline how a naturally occurring protein structure, conserved across species from Australia, Singapore and Barbados over nearly 400 million years of evolution, enables the slime's transformation from liquid to fibre and back again. It's a discovery that could inspire next-generation recyclable bioplastics.


						
"Nature has already figured out a way to make materials that are both strong and recyclable," said Matthew Harrington, a chemistry professor and Canada Research Chair in green chemistry, who led the study. "By decoding the molecular structure of velvet worm slime, we're now one step closer to replicating that efficiency for the materials we use every day."

Velvet worms, small caterpillar-like creatures found in humid forests of the southern hemisphere, use their slime to capture prey. When ejected, the slime rapidly hardens into fibres as strong as nylon. The slime dissolves in water and can be reconstituted into new fibres. Until now, the molecular mechanism behind this reversibility remained a mystery.

Using protein sequencing and AI-driven structure prediction (AlphaFold, the 2024 Nobel Prize-winning tool), Harrington's team identified previously unknown proteins in the slime that function similarly to cell receptors in the immune system. The researchers believe the receptor proteins function to link large structural proteins during fibre formation. By comparing two subgroups of velvet worms that separated nearly 380 million years ago, the researchers demonstrated the evolutionary significance and functional relevance of this protein.

A blueprint for recyclable materials

Traditional plastics and synthetic fibres are typically made using petroleum-based precursors and require energy-intensive processes to manufacture and recycle, often involving heat or chemical treatments. The velvet worm, however, uses simple mechanical forces - pulling and stretching -- to generate strong, durable fibres from biorenewable precursors, which can later be dissolved and reused without harmful byproducts.

"Obviously, a plastic bottle that dissolves in water would have limited use, but by adjusting the chemistry of this binding mechanism, we can get around this issue," said Harrington.

The study was co-authored by researchers from McGill University and Nanyang Technological University (NTU) in Singapore. The team's next challenge will be to experimentally verify the binding interactions and explore whether the principle can be adapted for engineered materials.
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New drone-assisted 3D model offers a more accurate way to date dinosaur fossils | ScienceDaily
A new study from McGill University is reshaping how scientists date dinosaur fossils in Alberta's Dinosaur Provincial Park (DPP). Using advanced drone-assisted 3D mapping, researchers have uncovered significant variations in a key geological marker, challenging long-standing methods of determining the ages of dinosaur fossils.


						
The researchers say their findings, published in Palaeontologia Electronica, could lead to more accurate reconstructions of ancient ecosystems, helping us better understand Earth's history and how past biodiversity changes inform present and future life.

"We've essentially shown that the dating method used for decades in Dinosaur Provincial Park may not be as reliable as previously thought," said Alexandre Demers-Potvin, a postdoctoral researcher who led the study as a PhD candidate at McGill's Redpath Museum.

Dinosaur Provincial Park is a UNESCO World Heritage Site since it preserves an unparalleled dinosaur fossil record from the Late Cretaceous period. For decades, paleontologists have relied on a distinct rock boundary -- the contact between the Oldman and Dinosaur Park Formations -- as a reference point to estimate the ages of fossil quarries in the park. To do this, they compare how high or low a fossil site is relative to that boundary. However, this method only gives a rough age estimate rather than a precise date, unlike absolute dating methods, which use radioactive elements in rocks to determine exact ages.

The new study reveals that this boundary fluctuates in elevation by as much as 12 metres over short distances, introducing a level of uncertainty that could alter interpretations of when different species lived.

"If the reference point itself varies significantly, then our estimates of individual fossil ages could be off by a considerable margin," said Demers-Potvin.

Building a more accurate timeline

To address these uncertainties, Demers-Potvin and co-author Professor Hans Larsson used drones to capture around a thousand high-resolution images of a key fossil site in the park. These images were processed through a technique called structure-from-motion photogrammetry, which allowed the team to construct a precise 3D model of the terrain which is geolocated with GPS coordinates measured in the field.

The results showed that it might be possible to estimate fossil ages by identifying their source sedimentary layers and tracing those over long distances wherever possible. The researchers say this dating method might be more dependable than referring to the boundary between the Oldman and Dinosaur Park Formations, since it would not require elevation measurements which are now shown to rise and fall by several metres in different areas of the park.

"This opens the door to a more refined approach for understanding how different dinosaur species succeeded one another over time," said Demers-Potvin. "By mapping these sedimentary layers over a broader area, we could develop a much clearer picture of biodiversity shifts in an ancient terrestrial ecosystem."
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Two new crocodile species discovered | ScienceDaily
McGill University researchers, in collaboration with Mexican scientists, have discovered two previously unknown species of crocodiles, one living on the island of Cozumel and the other on the atoll of Banco Chinchorro, both off the Yucatan Peninsula. The findings challenge long-held assumptions about the American crocodile (Crocodylus acutus) and highlight the urgent need for conservation efforts, the researchers say.


						
"Biodiversity is disappearing faster than we can discover what we're losing," said Biology Professor Hans Larsson, the principal investigator. "Most species of crocodiles are already endangered, and rapid shoreline development threatens nearly every population. Our research aimed to uncover the true diversity of crocodiles on these isolated islands."

Larsson and his team analyzed the genetic sequences of crocodile populations from Cozumel and Banco Chinchorro. Comparing these sequences to those of crocodiles across the Caribbean, Central America and Mexico's Pacific coast, they found striking levels of genetic differentiation, leading the researchers to conclude that these populations were not simply variants of Crocodylus acutus. The two new species have not yet been named.

"These results were totally unexpected," former Larsson graduate student and lead author Jose Avila-Cervantes said. "We assumed Crocodylus acutus was a single species ranging from Baja California to Venezuela and across the Caribbean. Our study is the first to extensively explore genomic and anatomical variation in these animals."

This discovery has significant conservation implications, the researchers said. The newly identified species live in small, isolated populations, each numbering fewer than 1,000 breeding individuals. While both populations appear stable, their limited numbers and habitat restrictions make them vulnerable.

"The rapid loss of biodiversity can only be slowed if we know what species are most at risk," said Larsson. "Now that we recognize these crocodiles as distinct species, it's crucial to protect their habitats. Limiting land development and implementing careful conservation strategies on Cozumel and Banco Chinchorro will be key to ensuring their survival."

The research was conducted with the help of local colleagues, including Pierre Charruau at El Colegio de la Frontera Sur in Mexico. The team captured and released crocodiles, collecting blood and scale samples for analysis. Genetic sequencing was carried out at McGill by Jose Avila-Cervantes during his graduate studies, with additional research on skull morphology by fellow McGill graduate student Hoai-Nam Bui.

This research was funded by the Canadian Foundation for Innovation, the Digital Research Alliance of Canada), the Comision Nacional para el Conocimiento y Uso de la Biodiversidad, and the Natural Sciences and Engineering Research Council of Canada.
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Study suggests we don't just hear music, but 'become it' | ScienceDaily
An international study co-authored by McGill psychologist Caroline Palmer suggests our brains and bodies don't just understand music, they physically resonate with it. These discoveries, based on findings in neuroscience, music, and psychology, support Neural Resonance Theory (NRT).


						
NRT maintains that rather than relying on learned expectations or prediction, musical experiences arise from the brain's natural oscillations that sync with rhythm, melody and harmony. This resonance shapes our sense of timing, musical pleasure and the instinct to move with the beat.

"This theory suggests that music is powerful not just because we hear it, but because our brains and bodies become it," said Palmer, Professor in the Department of Psychology at McGill and Director of the Sequence Production Lab. "That has big implications for therapy, education and technology." The study's publication in Nature Reviews Neuroscience marks the first time the entire NRT is being published in a single paper, she said.

The theory suggests that structures like pulse and harmony reflect stable resonant patterns in the brain, shared across people independent of their musical background. According to NRT, how we hear and produce music can be explained by fundamental dynamical principles of human brain mechanisms that apply from the ear all the way to the spinal cord and limb movements.

Researchers say potential applications of the theory include:
The study was led by Edward Large (University of Connecticut) and co-authored by Caroline Palmer.

The study was funded in part by a Canada Research Chair and a NSERC Discovery Grant.
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Gender characteristics of service robots can influence customer decisions | ScienceDaily
The hospitality industry can leverage the gender characteristics of service robots to influence customers' decisions, according to new research from a team in the Penn State School of Hospitality Management.


						
Service robots with characteristics typically associated with males may be more persuasive when interacting with women who have a low sense of power, according to the researchers. The team also found that "cute" features in the design of robots -- such as big eyes and raised cheeks -- may reduce the effect of portrayed robot gender on persuasiveness, as male and female customers responded similarly to robots with these "cute" features.

Lavi Peng, doctoral candidate; Anna Mattila, Marriott Professor of Lodging Management; and Amit Sharma, Edward Friedman and Stuart Mann Professor of Hospitality Management -- all at Penn State -- led this research. Their findings were published in the Journal of Hospitality and Tourism Management.

"Robots can be designed or programed to have human-like features like names, voices and body shapes, which portray gender," Mattila said. "In addition to robot gender, a consumer's sense of power -- how individuals perceive their ability to influence others or their environment -- can also affect how successful a service robot can be in making recommendations."

The researchers conducted two studies to find how the gender portrayed in service robots could influence customers' decisions.

The first study surveyed 239 people who were recruited via Amazon Mechanical Turk. Participants were asked to first rate their sense of power before imagining visiting a new restaurant and receiving a menu recommendation for a breakfast burrito from a service robot. Service robots depicted in the study were the same except for the use of gray or pink colors to portray male or female genders, respectively. After receiving a menu recommendation, participants then rated the robot's persuasiveness.

"We found women with a low sense of power were more prone to accept a male robot's recommendations," Peng said. "For men with a low sense of power, we found the difference was less obvious. Based on our findings, consumers with high power tend to make their own judgement without relying on societal expectations. They are more confident and want to make decisions based off their own judgement."

The researchers said restaurants could leverage these findings when deciding what types of service robots to use, such as using "male" robots to recommend new menu items, as the results suggested robots with characteristics typically associated with males can have a greater influence on customer decisions.




Hotels could also leverage these findings when deciding which gender characteristics to use in robots that persuade customers to upgrade their rooms, according to the researchers.

"Upselling and upgrading are all about persuasion, and results of our study suggested robots with male characteristics could be effective," Peng said. "If a business knows its customer is female, it may want to consider using a robot with different gender characteristics than it would with a male customer."

The second study investigated how businesses could mitigate gender stereotypes in robot design -- or lessen the effect of a "male" robot's influence on customers with a low sense of power.

Because the findings in the first study showed that portrayed gender in robots primarily affected customers with a low sense of power, the researchers recruited 156 university students in the United States. The researchers said prior research demonstrated that students typically hold subordinate positions or rely on faculty members who have authority over their educational outcomes, meaning they represent a low-power demographic.

To alter the gender portrayed in robots during the second study, the researchers used an iPad display showing different gendered facial features that topped a Bear Robotics Servi robot, which does not have any typical human-like features of its own. These facial features had "cute" designs, including round faces and big eyes. After being introduced to and interacting with the robot, participants completed a computer-based scenario, evaluating the robot's recommendation for avocado toast.

"Both male and female customers responded similarly to both the male and female robot designs," Peng said. "For businesses that want to mitigate gender stereotypes, they can consider using a cute design for their robots."

The Marriott Foundation supported this research.
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NASA's NICER maps debris from recurring cosmic crashes | ScienceDaily
For the first time, astronomers have probed the physical environment of repeating X-ray outbursts near monster black holes thanks to data from NASA's NICER (Neutron star Interior Composition Explorer) and other missions.


						
Scientists have only recently encountered this class of X-ray flares, called QPEs, or quasi-periodic eruptions. A system astronomers have nicknamed Ansky is the eighth QPE source discovered, and it produces the most energetic outbursts seen to date. Ansky also sets records in terms of timing and duration, with eruptions every 4.5 days or so that last approximately 1.5 days.

"These QPEs are mysterious and intensely interesting phenomena," said Joheen Chakraborty, a graduate student at the Massachusetts Institute of Technology in Cambridge. "One of the most intriguing aspects is their quasi-periodic nature. We're still developing the methodologies and frameworks we need to understand what causes QPEs, and Ansky's unusual properties are helping us improve those tools."

Ansky's name comes from ZTF19acnskyy, the moniker of a visible-light outburst seen in 2019. It was located in a galaxy about 300 million light-years away in the constellation Virgo. This event was the first indication that something unusual might be happening.

A paper about Ansky, led by Chakraborty, was published Tuesday in The Astrophysical Journal.

A leading theory suggests that QPEs occur in systems where a relatively low-mass object passes through the disk of gas surrounding a supermassive black hole that holds hundreds of thousands to billions of times the Sun's mass.

When the lower-mass object punches through the disk, its passage drives out expanding clouds of hot gas that we observe as QPEs in X-rays.




Scientists think the eruptions' quasi-periodicity occurs because the smaller object's orbit is not perfectly circular and spirals toward the black hole over time. Also, the extreme gravity close to the black hole warps the fabric of space-time, altering the object's orbits so they don't close on themselves with each cycle. Scientists' current understanding suggests the eruptions repeat until the disk disappears or the orbiting object disintegrates, which may take up to a few years.

"Ansky's extreme properties may be due to the nature of the disk around its supermassive black hole," said Lorena Hernandez-Garcia, an astrophysicist at the Millennium Nucleus on Transversal Research and Technology to Explore Supermassive Black Holes, the Millennium Institute of Astrophysics, and University of Valparaiso in Chile. "In most QPE systems the supermassive black hole likely shreds a passing star, creating a small disk very close to itself. In Ansky's case, we think the disk is much larger and can involve objects farther away, creating the longer timescales we observe."

Hernandez-Garcia, in addition to being a co-author on Chakraborty's paper, led the study that discovered Ansky's QPEs, which was published in April in Nature Astronomy and used data from NICER, NASA's Neil Gehrels Swift Observatory and Chandra X-ray Observatory, as well as ESA's (European Space Agency's) XMM-Newton space telescope.

NICER's position on the International Space Station allowed it to observe Ansky about 16 times every day from May to July 2024. The frequency of the observations was critical in detecting the X-ray fluctuations that revealed Ansky produces QPEs.

Chakraborty's team used data from NICER and XMM-Newton to map the rapid evolution of the ejected material driving the observed QPEs in unprecedented detail by studying variations in X-ray intensity during the rise and fall of each eruption.

The researchers found that each impact resulted in about a Jupiter's worth of mass reaching expansion velocities around 15% of the speed of light.




The NICER telescope's ability to frequently observe Ansky from the space station and its unique measurement capabilities also made it possible for the team to measure the size and temperature of the roughly spherical bubble of debris as it expanded.

"All NICER's Ansky observations used in these papers were collected after the instrument experienced a 'light leak' in May 2023," said Zaven Arzoumanian, the mission's science lead at NASA's Goddard Space Flight Center in Greenbelt, Maryland. "Even though the leak -- which was patched in January -- affected the telescope's observing strategy, NICER was still able to make vital contributions to time domain astronomy, or the study of changes in the cosmos on timescales we can see."

After the repair, NICER continued observing Ansky to explore how the outbursts have evolved over time. A paper about these results, led by Hernandez-Garcia and co-authored by Chakraborty, is under review.

Observational studies of QPEs like Chakraborty's will also play a key role in preparing the science community for a new era of multimessenger astronomy, which combines measurements using light, elementary particles, and space-time ripples called gravitational waves to better understand objects and events in the universe.

One goal of ESA's future LISA (Laser Interferometer Space Antenna) mission, in which NASA is a partner, is to study extreme mass-ratio inspirals -- or systems where a low-mass object orbits a much more massive one, like Ansky. These systems should emit gravitational waves that are not observable with current facilities. Electromagnetic studies of QPEs will help improve models of those systems ahead of LISA's anticipated launch in the mid-2030s.

"We're going to keep observing Ansky for as long as we can," Chakraborty said. "We're still in the infancy of understanding QPEs. It's such an exciting time because there's so much to learn."
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Would a musical triangle of any other shape sound as sweet? | ScienceDaily
The triangle is a small instrument made of a metal rod bent into a triangle shape that is open at one corner. While small, its sound is distinct, with multiple overtones and nonharmonic resonance. But what causes the surprisingly powerful sound?


						
"The triangle instrument produces enchanting and beautiful tones, raising deep and profound questions about the connection between music and physics," author Risako Tanigawa said. "Optical sound measurement has only been applied to limited subjects until now. By observing the sound field of a triangle for the first time, we captured phenomena not previously explored through microphone observations."

In a paper published this week in JASA Express Letters, published on behalf of the Acoustical Society of America by AIP Publishing, Tanigawa and colleagues at NTT Corporation and Waseda University in Japan captured sound fields around musical triangles.

Sound moving through the air causes vibrations that affect the air density and the speed at which light travels through the air. Specialized photographic methods known as acousto-optic imaging can capture the differences in light intensity to study detailed characteristics of sound vibration patterns.

As an example of these patterns, a standing wave is created when two identical sound waves are superimposed on top of each other, moving in opposite directions through the instrument's metal material to produce sound. Eigenfrequencies, or natural frequencies, occur when an instrument can sustain a standing wave without external forces. Resonance occurs when external forces match this natural frequency, increasing the amplitude of sound waves to create a louder sound.

"There is still room for discussion, but the observation of standing waves in a semi-open space is intriguing because it is generally known that resonance occurs in shapes with closed sides, but our experimental results suggest it may occur in semi-open space as well," Tanigawa said.

With this project, the researchers wanted to understand the physical properties of the triangle instrument that create these conditions, test assumptions about the contribution of the triangle shape, and capture clear documentation through pictures of the sound waves around the triangle. Next, they want to further investigate the impact of the open space at the corner of the triangle on resonance.

"Musical instruments play a significant role in human lives, serving cultural, social, and physical functions," Tanigawa said. "Understanding the physical properties of an instrument provides benefits such as preserving traditional musical instruments and providing insights for instrument makers, players, and development of electronic instruments."
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Bridging Worlds: Physicists develop novel test of the Holographic Principle | ScienceDaily
Exactly 100 years ago, famed Austrian physicist Erwin Schrodinger (yes, the cat guy) postulated his eponymous equation that explains how particles in quantum physics behave. A key component of quantum mechanics, Schrodinger's Equation provides a way to calculate the wave function of a system and how it changes dynamically in time.


						
"Quantum mechanics, along with Albert Einstein's theory of general relativity are the two pillars of modern physics," says Utah State University physicist Abhay Katyal. "The challenge is, for more than half a century, scientists have struggled to reconcile these two theories."

Quantum mechanics, says Katyal, a doctoral student and Howard L. Blood Graduate Fellow in the Department of Physics, describes the behavior of matter and forces at the subatomic level, while general relativity explains gravity on a large scale.

"Many unknowns in physics are explained by one side or the other, but these explanations are often incompatible," says Oscar Varela, associate professor and Katyal's faculty mentor. "Quantum gravity is an attempt to combine these theories but, to this day, we don't know what quantum gravity is."

In the quest toward finding the correct theory of quantum gravity, Varela and Katyal, with former USU postdoctoral fellow Ritabrata Bhattacharya, describe their progress in testing the holographic principle which, they say, is a key property of any valid theory of quantum gravity. The team published their findings in the April 6, 2025 online issue of the American Physical Society's Physical Review Letters. Their research is supported by the National Science Foundation Elementary Particle Physics-Theory program.

"Proposed theories of quantum qravity are difficult to test experimentally because we don't have the technology to predict effects occurring at extremely high energies or extremely small scales," Varela says. "For theoretical physicists like us, a precise mathematical model is akin to the apparatus of an experimental physicist: It can be used to make predictions about the physical world."

For the USU team, the holographic principle is the vehicle to push forward toward a new frontier in physics thought.

"The holographic principle is our model to make predictions about quantum gravity," Varela says.
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Accordion effect makes graphene stretchable | ScienceDaily
Graphene is a "miracle material": mechanically extremely strong and electrically highly conductive, ideal for related applications. Using a worldwide unique method physicists at the University of Vienna led by Jani Kotakoski have for the first time made graphene drastically more stretchable by rippling it like an accordion. This paves the way for new applications in which certain stretchability is required (e.g. wearable electronics). In a collaboration with the Vienna University of Technology the exact mechanism of this phenomenon has been revealed and published in the journal Physical Review Letters.


						
The first experimental evidence of graphene in 2004 established a completely new class of materials, the so-called two-dimensional (2D) solids. Their name stems from the fact that they are only a single layer of atoms thick, giving rise to exotic material properties that could benefit various areas of application. Graphene for example stands out with its enormous electrical conductivity, but it is also very stiff. This extreme stiffness is a result of the honeycomb-shaped arrangement of the atoms in the material. Intuitively, the removal of some atoms from the material alongside their bonds should lead to a reduction in stiffness. However, scientific studies have reported both a slight reduction as well as a significant increase.

These contradictions have now been clarified through new measurements conducted by researchers of the group led by Jani Kotakoski at the University of Vienna. The experiments were carried out with state-of-the-art devices all sharing the same ultra-clean airless environment. This allows transporting samples between the different devices without ever being exposed to ambient air. "This unique system we have developed in the University of Vienna allows us to examine 2D materials without interference," explains Jani Kotakoski. Wael Joudi, first author of the study adds: "For the first time this kind of experiment has been carried out with the graphene fully isolated from ambient air and the foreign particles it contains. Without this separation, these particles would quickly settle on the surface affecting the experiment procedure and measurements."

In fact, the focus on meticulous cleanliness of the material surface led to the discovery of the so-called accordion effect with regard to the stiffness of graphene: already the removal of two neighbouring atoms leads to discernible bulging of the initially flat material. Several bulges together result in a corrugation of the material: "You can imagine it like an accordion. When pulled apart, the waved material now gets flattened, which requires much less force than stretching the flat material and therefore it becomes more stretchable," explains Wael Joudi. Simulations carried out by the theoretical physicists Rika Saskia Windisch and Florian Libisch from the Vienna University of Technology confirm both the formation of waves and the resulting stretchability.

The experiments also showed that foreign particles on the material surface not only supress this effect, but lead to the opposite result. Specifically, their influence makes the material appear stiffer, which also explains contradictions of the past. "This shows the importance of the measurement environment when dealing with 2D materials. The results open up a way to regulate the stiffness of graphene and thus pave the way for potential applications," concludes Wael Joudi.

The research was funded in whole or in part by the Austrian Science Fund (FWF).
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Ancient Andes society used hallucinogens to strengthen social order | ScienceDaily
Two thousand years before the Inca empire dominated the Andes, a lesser-known society known as the Chavin Phenomenon shared common art, architecture, and materials throughout modern-day Peru. Through agricultural innovations, craft production, and trade, Chavin shaped a growing social order and laid the foundations for hierarchical society among the high peaks.


						
But one of their most powerful tools wasn't farming. It was access to altered states of consciousness.

That's according to a new study that uncovered the earliest-known direct evidence of the use of psychoactive plants in the Peruvian Andes. A team of archaeologists from the University of Florida, Stanford University and South American institutions discovered ancient snuff tubes carved from hollow bones at the heart of monumental stone structures at Chavin de Huantar, a prehistoric ceremonial site in the mountains Peru.

By conducting chemical and microscopic analyses of the snuff tubes, the researchers revealed traces of nicotine from wild relatives of tobacco and vilca bean residue, a hallucinogen related to DMT. The leaders, it seems, wielded these substances not just for personal visions but to reinforce their authority.

Unlike communal hallucinogenic use common in other ancient cultures, Chavin's rituals were exclusive. Archaeologists discovered the snuff tubes in private chambers within massive stone structures that held only a handful of participants at a time, creating an air of mystique and control.

"Taking psychoactives was not just about seeing visions. It was part of a tightly controlled ritual, likely reserved for a select few, reinforcing the social hierarchy," said Daniel Contreras, Ph.D., an anthropological archaeologist at UF and co-author of the new study that revealed these rituals at Chavin.

These experiences were likely profound, even terrifying. To those who inhaled, the supernatural might have felt like a force beyond comprehension. And that was precisely the point. By controlling access to these altered states, Chavin's rulers established a potent ideology and convinced their people that their leadership was intertwined with mystical power and part of the natural order.




"The supernatural world isn't necessarily friendly, but it's powerful," Contreras said. "These rituals, often enhanced by psychoactives, were compelling, transformative experiences that reinforced belief systems and social structures."

Contreras has spent nearly thirty years studying the site as part of a team led by John Rick, Ph.D, professor emeritus at Stanford University. The team argue that these ceremonies were pivotal in shaping early class structures. Unlike forced labor societies, Chavin's builders likely believed in the grandeur of the monuments they were constructing, persuaded by these immersive rituals.

Those rituals extended beyond the use of psychedelics. Archaeologists have also uncovered trumpets made from conch shells and chambers seemingly designed to enhance the awe-inducing musical performances.

"One of the ways that inequality was justified or naturalized was through ideology -- through the creation of impressive ceremonial experiences that made people believe this whole project was a good idea," Contreras said.

Their study was published this week in the Proceedings of the National Academy of Sciences.

The findings help solve a century-old mystery about this site, located at an elevation of 10,000 feet. Since its first excavation over a hundred years ago, Chavin has been seen as related to both earlier, more egalitarian societies and the mountain-spanning empires ruled by powerful elites that came later.

Controlled access to mystical experiences helps explain this major social transition, a finding only made possible by decades of intense excavations and advanced analytical methods.

"It's exciting that ongoing excavations can be combined with cutting-edge archaeological science techniques to get us closer to understanding what it was like to live at this site," Contreras said.
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How are they biting? High speed video reveals unexpected jaw movements in reef fish | ScienceDaily
Some reef fish have the unexpected ability to move their jaws from side to side, biologists at the University of California, Davis have discovered. This ability -- which is rare among vertebrate animals -- allows these fish to feed rapidly and efficiently on algae growing on rocks. The work is published May 5 in Proceedings of the National Academy of Sciences.


						
Being able to move your jaw from side to side might not seem surprising from a human point of view, but if you look across all vertebrate species -- half of which are fish -- it is almost unique, said Peter Wainwright, professor in the Department of Evolution and Ecology at UC Davis and senior author on the paper.

For mammals, being able to move our lower jaw from side to side as well as up and down allows us to chew our food before swallowing it. That has helped make mammal species the dominant herbivores on land.

"It's extremely unusual among vertebrates and has interesting ecological and evolutionary consequences when it does occur," Wainwright said.

Most fish species feed on prey floating freely in the water by sucking in a mouthful and trapping anything inside it. But on reefs, about half of fish species feed by grazing on algae or other organisms growing on the reef.

Michalis Mihalitsis, at the time a postdoctoral researcher in Wainwright's lab, used high-speed video to observe feeding in Zanclus cornutus or "Moorish Idol," a spectacular reef fish with an elongated snout. He discovered that Zanclus can move both its upper and lower jaws from side to side, allowing it to tug food items off a surface or work its mouth into cracks.

"I thought, holy cow, that's not something we expected," Wainwright said. CT scans and dissections confirm that Zanclus' upper and lower jaws are capable of sideways movement. The movements are much too rapid to see with the unassisted eye.




Mihalitsis and Wainwright then looked at the closely related surgeonfish, a large family of fishes that are the dominant herbivores on reefs. Surgeonfish feed by browsing on the "turf" of algae growing on rocks and dead coral.

The researchers found that surgeonfish also can move their upper jaw sideways, allowing them to bite food off a surface.

"They take a mouthful of algae and move their jaws to pull it off the surface," Wainwright said. They can also slice through strands of algae caught in their teeth.

"For Zanclus, this adaptation seems to relate to where they feed (reef cracks and crevices), whereas for the surgeonfish, how efficiently they feed," Mihalitsis said.

The researchers are now looking at other benthic-feeding fish that could have adaptations of the jaw for more effective feeding.

Mihalitsis is now an assistant professor at the University of Guam. Additional coauthors are: Denise Yamhure-Ramirez, Maelan Beil, Nathan Cole, Nicole Shum and Bryson Zheng, UC Davis; HoWan Chan, Rice University; Isabella Paglione, Hallee Petri and Dylan Wainwright, Purdue University.
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Children as young as five can navigate a 'tiny town' | ScienceDaily
Many behavioral studies suggest that using landmarks to navigate through large-scale spaces -- known as map-based navigation -- is not established until around age 12.


						
A neuroscience study at Emory University counters that assumption. Through experiments combining brain scans and a virtual environment the researchers dubbed Tiny Town, they showed that five-year-olds have the brain system that supports map-based navigation.

The journal Proceedings of the National Academy of Sciences published the finding, the first neural evidence that this cognitive ability is in place in such young children.

"While large-scale navigation abilities certainly continue to develop throughout childhood, our findings show that the underlying neural system is established remarkably early," says Yaelan Jung, first author of the study and a postdoctoral fellow in Emory's Department of Psychology.

"Rather than taking a decade or more, map-based navigation is underway in half that time," adds Daniel Dilks, associate professor of psychology and senior author of the study. "Five-year-olds have the brain system enabling them to find their way around a tiny, virtual town. They not only know that the ice cream store in the mountain region is different than the ice cream store in the lake region, they know how to navigate the streets to get to each of them."

Mapping the visual brain

Dilks is at the forefront of identifying specific functions of the visual cortex related to face, place and object processing -- how we recognize and get around our world. He's also pioneering methods to study the timeline for the development of these functions, from infancy to adulthood.




"Two fundamental questions in neuroscience," he explains, "are how knowledge is organized in the brain and the origins of that knowledge. In other words, what knowledge are you born with and how does knowledge develop as you grow?"

The technology of fMRI offers a window into those questions. The harmless, noninvasive technique uses a giant magnet to scan the brain and record the magnetic properties in blood. It measures heightened blood flow to a brain region, indicating that region is more active.

In adult studies during the past decade, the Dilks lab has showed that three scene-selective regions in the brain perform separate, non-overlapping, tasks. The parahippocampal place area (PPA) allows us to recognize places and cluster them into categories. The retrosplenial complex (RSC) maps the places into their proper locations within a larger space, allowing us to navigate from one place to another. The occipital place area (OPA) allows us to walk around our immediate surroundings, not bumping into boundaries or other obstacles.

"We can't fix most neurological problems right now," Dilks says. "But by continuing to learn more about how the brain develops and functions normally, we keep moving closer to being able to repair it when something goes wrong."

Walking navigation versus map-based navigation

In 2024, Dilks and Jung discovered that the brain system for walking through the immediate environment, avoiding boundaries and obstacles, does not look adultlike until age 8.




"It seems counterintuitive," Dilks says. "Most children can walk before the age of two. And yet the brain system helping you walk around your immediate surroundings doesn't start appearing adultlike until relatively late."

Dilks and Jung had a theory that the seemingly more complex and sophisticated abilities of map-based navigation develop earlier. They noted that even before they can walk well, children are carried from room-to-room and taken in strollers from place-to-place, allowing them to essentially build up a map of their surroundings.

For the current paper, they created experimental protocols for five-year-olds to test their theory.

They started with a virtual town known as Neuralville, developed by the Dilks lab for an adult study. It consists of eight buildings laid out on streets surrounding a town square and oriented by the four cardinal directions.

In tests with five-year-old participants registered with the Emory Child Study Center, Jung soon learned that Neuralville was a bit too complicated for them to navigate. She simplified the paradigm, turning it into a triangle, and called it Tiny Town. Instead of cardinal directions, distinctive landscapes delineate each point of the triangle, including the mountain corner, the tree corner and the lake corner.

She created six structures for Tiny Town, including two each of categories generally of interest to children: ice cream stores, playgrounds and fire stations.

Making science fun

Doing experiments with child participants requires creativity and patience, Jung says.

"We want to get at the scientific questions that we're trying to answer," she explains, "but it's also important that a child who participates in a study has a good time. We want them to leave with a good impression of science."

Jung first familiarized a child to the virtual town using the arrow keys on a computer to move through its streets and arrive at different places. She then invited the child to do the same. "It was fascinating that they were so good at it," she says.

This familiarization was followed by tests of their knowledge. She showed still images of Tiny Town to a child and asked questions such as: Did you see this building in Tiny Town? Is it in the mountain corner?

Most of the children passed this test and moved into the next phase: training for scanning.

Jung turned the training process into a game involving the children and adult lab members. An adult would point at the child and say, "Freeze!"

"The kids loved it! They especially liked to freeze the adults in the room," Jung says. "They'd point at one of us and say, 'It's your turn now!'"

The researchers explained to the participants that the scanner was like a camera and they would need to hold perfectly still so their photo wasn't blurry when they performed a task while in the machine.

The children were then trained to do the game-like task, pushing a button in response to paired images from Tiny Town. For instance, if an image of a particular fire station was shown with an image of mountains, they needed to push the button if this scenario mapped correctly onto Tiny Town.

The participants practiced the task in a mock scanner before entering the real one for the experiment. "We gave them a blanket and a pillow to make it cozy and explained that they would be watching a movie in their own private theater," Jung says. "They really liked that idea."

The resulting data showed that five-year-olds can learn a map and hold it in their minds. And to do so, they used their RSC -- the brain region specialized for coding the location of buildings in a map, allowing us to navigate from one place to another.

The icing on the cake is that everyone involved in the study -- including the researchers -- enjoyed the experience.

"It was really fun to work with the children," Jung says. "I learned that the age of five is a magical time to scan a child. They don't tend to be afraid of new things."

The Dilks lab is now doing a deeper dive into the question of how the brain develops the ability to recognize and move about the world by working on a protocol for toddlers.

They are proving a bigger challenge than infants and five-year-olds. "Between the ages of two and three, children basically don't listen to you," says Jung, who is the mother of a three-year-old.

She and her lab mates are trying out strategies involving a cardboard mockup of a scanner, cartoons and Cheerios.

"It's fascinating to explore how humans use different parts of the brain for complex behaviors and how that changes with age and experiences," Jung says. "We're laying the groundwork for clinical applications, including getting a better understanding of typical versus atypical neural development."
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Text-to-video AI blossoms with new metamorphic video capabilities | ScienceDaily
While text-to-video artificial intelligence models like OpenAI's Sora are rapidly metamorphosing in front of our eyes, they have struggled to produce metamorphic videos. Simulating a tree sprouting or a flower blooming is harder for AI systems than generating other types of videos because it requires the knowledge of the physical world and can vary widely.


						
But now, these models have taken an evolutionary step.

Computer scientists at the University of Rochester, Peking University, University of California, Santa Cruz, and National University of Singapore developed a new AI text-to-video model that learns real-world physics knowledge from time-lapse videos. The team outlines their model, MagicTime, in a paper published in IEEE Transactions on Pattern Analysis and Machine Intelligence.

"Artificial intelligence has been developed to try to understand the real world and to simulate the activities and events that take place," says Jinfa Huang, a PhD student supervised by Professor Jiebo Luo from Rochester's Department of Computer Science, both of whom are among the paper's authors. "MagicTime is a step toward AI that can better simulate the physical, chemical, biological, or social properties of the world around us."

Previous models generated videos that typically have limited motion and poor variations. To train AI models to more effectively mimic metamorphic processes, the researchers developed a high-quality dataset of more than 2,000 time-lapse videos with detailed captions.

Currently, the open-source U-Net version of MagicTime generates two-second, 512 -by- 512-pixel clips (at 8 frames per second), and an accompanying diffusion-transformer architecture extends this to ten-second clips. The model can be used to simulate not only biological metamorphosis but also buildings undergoing construction or bread baking in the oven.

But while the videos generated are visually interesting and the demo can be fun to play with, the researchers view this as an important step toward more sophisticated models that could provide important tools for scientists.

"Our hope is that someday, for example, biologists could use generative video to speed up preliminary exploration of ideas," says Huang. "While physical experiments remain indispensable for final verification, accurate simulations can shorten iteration cycles and reduce the number of live trials needed."
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New theory of gravity brings long-sought Theory of Everything a crucial step closer | ScienceDaily
At long last, a unified theory combining gravity with the other fundamental forces -- electromagnetism and the strong and weak nuclear forces -- is within reach. Bringing gravity into the fold has been the goal of generations of physicists, who have struggled to reconcile the incompatibility of two cornerstones of modern physics: quantum field theory and Einstein's theory of gravity.


						
Researchers at Aalto University have developed a new quantum theory of gravity which describes gravity in a way that's compatible with the Standard Model of particle physics, opening the door to an improved understanding of how the universe began. While the world of theoretical physics may seem remote from applicable tech, the findings are remarkable. Modern technology is built on such fundamental advances -- for example, the GPS in your smartphone works thanks to Einstein's theory of gravity.

Mikko Partanen and Jukka Tulkki describe their new theory in a paper just published in Reports on Progress in Physics. Lead author Partanen expects that within a few years, the findings will have unlocked critical understanding.

'If this turns out to lead to a complete quantum field theory of gravity, then eventually it will give answers to the very difficult problems of understanding singularities in black holes and the Big Bang,' he says.

'A theory that coherently describes all fundamental forces of nature is often called the Theory of Everything,' says Partanen, although he doesn't like to use the term himself. 'Some fundamental questions of physics still remain unanswered. For example, the present theories do not yet explain why there is more matter than antimatter in the observable universe.'

Reconciling the irreconcilable

The key was finding a way to describe gravity in a suitable gauge theory -- a kind of theory in which particles interact with each other through a field. 'The most familiar gauge field is the electromagnetic field. When electrically charged particles interact with each other, they interact through the electromagnetic field, which is the pertinent gauge field,' explains Tulkki. 'So when we have particles which have energy, the interactions they have just because they have energy would happen through the gravitational field.'




A challenge long facing physicists is finding a gauge theory of gravity that is compatible with the gauge theories of the other three fundamental forces -- the electromagnetic force, the weak nuclear force and the strong nuclear force. The Standard Model of particle physics is a gauge theory which describes those three forces, and it has certain symmetries. 'The main idea is to have a gravity gauge theory with a symmetry that is similar to the Standard Model symmetries, instead of basing the theory on the very different kind of spacetime symmetry of general relativity,' says Partanen, the study's lead author.

Without such a theory, physicists cannot reconcile our two most powerful theories, quantum field theory and general relativity. Quantum theory describes the world of the very small -- tiny particles interacting in probabilistic ways -- while general relativity describes the chunkier world of familiar objects and their gravitational interaction. They are descriptions of our universe from different perspectives, and both theories have been confirmed to extraordinary precision -- yet they are incompatible with each other. Furthermore, because gravitational interactions are weak, more precision is needed to study true quantum gravity effects beyond general relativity, which is a classical theory.

'A quantum theory of gravity is needed to understand what kind of phenomena there are in cases where there's a gravitational field and high energies,' says Partanen. Those are the conditions around black holes and in the very early universe, just after the Big Bang -- areas where existing theories in physics stop working.

Always fascinated with the very big questions of physics, he discovered a new symmetry-based approach to the theory of gravity and began to develop the idea further with Tulkki. The resulting work has great potential to unlock a whole new era of scientific understanding, in much the same way as understanding gravity paved the way to eventually creating GPS.

Open invite to the scientific community

Although the theory is promising, the duo point out that they have not yet completed its proof. The theory uses a technical procedure known as renormalization, a mathematical way of dealing with infinities that show up in the calculations. So far Partanen and Tulkki have shown that this works up to a certain point -- for so-called 'first order' terms -- but they need to make sure the infinities can be eliminated throughout the entire calculation. 'If renormalization doesn't work for higher order terms, you'll get infinite results. So it's vital to show that this renormalization continues to work,' explains Tulkki. 'We still have to make a complete proof, but we believe it's very likely we'll succeed.'

Partanen concurs. There are still challenges ahead, he says, but with time and effort he expects they'll be overcome. 'I can't say when, but I can say we'll know much more about that in a few years.'

For now, they've published the theory as it stands, so that the rest of the scientific community can become familiar with it, check its results, help develop it further, and build on it.

'Like quantum mechanics and the theory of relativity before it, we hope our theory will open countless avenues for scientists to explore,' Partanen concludes.
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Saving the Asian 'unicorn' -- if it still exists | ScienceDaily
Is it extinct, or does it still roam somewhere deep in the misty highland forests of Vietnam and Laos? It has been nicknamed the Asian unicorn due to its almost mythical rarity, and it is the most recently discovered large land mammal, becoming known to science as late as in 1992. Even then, it was already endangered. Today, even the most optimistic estimates say fewer than 100 saola individuals (Pseudoryx nghetinhensis) remain, but it could also be extinct by now. The last confirmed sighting in the wild was in 2013.


						
Researchers have been searching for it ever since, but so far without success. The task is made even more difficult by the fact that the saola lives only in the remote, rugged forests of the Annamite Mountains in Vietnam and Laos.

"Right now, the existence of live saolas can neither be proven nor disproven. The last evidence we have was from 2013, when one was captured on a camera trap. But given the remoteness of its habitat, it is extremely difficult to say for sure whether there are still a few out there. There are some signs and indications that still give us hope," says Nguyen Quoc Dung from the Forest Inventory and Planning Institute in Vietnam.

He is one of the authors of a new international study, in which researchers from Denmark, Vietnam and many other countries have mapped the saola's genome for the first time ever. Up until now, almost no genetic data on the saola have been generated. The study is published in the scientific journal Cell.

By analyzing fragments from saola remains collected from hunters' households, the researchers generated complete genomes for 26 saolas. This has provided brand new insights into the history of the enigmatic bovine -- and its future prospects.

How It Might Survive

"We were quite surprised to find that the saola is split into two populations with considerable genetic differences. The split happened between 5,000 and 20,000 years ago. That was completely unknown before, and there was also no way we could have known without genetic data. It is an important result because it affects how the genetic variation in the species is distributed," says lead author Genis Garcia Erill, a former PhD student at the Department of Biology.




The genetic analyses also show that both populations have been in decline since the last Ice Age. According to the researchers' estimates, the total saola population never exceeded 5,000 individuals in the last 10,000 years. And this long-term decline means that both populations began losing genetic diversity. But crucially, they did not lose the same genetic diversity.

"This means that the genetic variation lost in each population complements the other. So, if you mix them, they could compensate for what the other is missing," says Genis Garcia Erill.

And that could potentially be the solution to saving the saola from extinction. The researchers have calculated the probability of the species surviving under various conservation scenarios. Their models show that the best survival chances occur if the two populations are mixed in a captive breeding program.

"If we can bring together at least a dozen saolas -- ideally a mix from both populations -- to form the foundation of a future population, our models show the species would have a decent chance of long-term survival. But it hinges on actually locating some individuals and starting a breeding program. That has worked before when species were on the brink of extinction," says Rasmus Heller, senior author of the study and Associate Professor from the Department of Biology at UCPH.

But Does It Even Still Exist?

Finding 12 saolas, however, is no simple task. But the new research might help solve that problem. The genetic mapping opens up new possibilities for using various technologies to locate the last remaining saolas.




"Many researchers have unsuccessfully tried to find traces of saola through methods like environmental DNA in water and even in leeches, the blood suckers inhabiting the same habitat. These techniques all rely on detecting tiny DNA fragments, and now that we know the complete saola genome, we have a much larger toolkit for detecting those fragments," says Minh Duc Le, co-author on the study from Vietnam National University.

But even if it turns out the saola is extinct, the new research findings might still be useful: "Our results could in theory be used if we were ever to succeed in bringing the saola back through genetic de-extinction technologies, which are a hot topic right now. In that case, our new insights into saola genetic variation could make a huge difference in creating a viable population," says Rasmus Heller.

Still, he has his doubts about the chances of finding living saolas.

"Scientists have been searching for saolas since the 1990s, and it's only gotten harder since then, because there were more of them back then. I'm not overly optimistic, I have to admit -- but I really hope the saola is still out there," Rasmus Heller concludes.

ABOUT THE SAOLA
    	The saola (Pseudoryx nghetinhensis) was discovered by science in 1992, making it the most recently discovered large mammal. The second-most recent was the kouprey, discovered in 1937.
    	Danish and Vietnamese biologists have been working together on studying the secretive saola right from the very beginning -- starting with the scientific description of the saola in the early 1990s.
    	According to the IUCN, fewer than 100 individuals likely remain, making the saola one of the most endangered mammals in the world.
    	The saola is evolutionarily unique -- it sits on a 12-15 million-year-old branch of the tree of life and is the only surviving descendant on that branch.

ABOUT THE STUDY
    	An international team of researchers from many countries and institutions contributed to the study, which is published in the journal Cell [DOI: 10.1016/j.cell.2025.03.040]
    	The study was supported by the Vietnamese Ministry of Science and Technology, the European Research Council, the Carlsberg Foundation and Independent Research Fund Denmark, among other sources.
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Blue tips are red algae's red flags | ScienceDaily
Some red algae exhibit structural color that gives their growth tips a blue hue and the rest of their bodies including their fruiting structures a white hue. Moreover, since the color-producing structures are located together with anti-herbivory chemicals, the Kobe University discovery is the first to suggest that red algae use colors for inter-species communication.


						
Red algae are red due to the pigments they use to collect light. Kobe University phycologist KAWAI Hiroshi says: "Being a diver, I have long been aware that some red algae have a much whiter appearance than their usual red when observed in water. Also, in a recent diving survey I noticed that the tips of young shoots in one of the species seemed to have a blueish hue. These observations made me curious, and I wanted to clarify the mechanism of these colors."

Kawai describes the difficulties he faced while trying to investigate this phenomenon: "These species grow deep underwater below the tidal zone, which requires scuba diving for their observation and collection. In addition, many deep-water species are very fragile, and it is difficult to conduct detailed observations and experiments in the laboratory while they are still alive. Also, it requires special techniques to enable looking at the detailed structures with an electron microscope." However, building on their previous experiences with similar studies in brown algae, the Kobe University researcher managed to retrieve enough samples.

In the European Journal of Phycology, the team now publishes its findings. They discovered that a certain kind of cells of the red algae, called the "gland cells," contain bodies of tightly packed microspheres of a light-reflecting material. In the growth tips of the red alga Asparagopsis taxiformis, these microspheres are all of the same size, which allows light of a single, blue color to be reflected. As the gland cells mature, the microspheres lose their uniform size, which causes light of all colors to be reflected, resulting in a whitish hue. "The structural color of red and brown algae living in shallow water has been explained to protect the photosynthetic pigments or to optimize photosynthesis. However, little is known about the structural color seen in deep water species," explains Kawai.

What functions these colors serve may be related to where they are produced. Kawai says: "The inside of the structure that causes the coloration contains a substance that is highly reactive and may act as a feeding repellent to algae-eating fish. Such a repellant is more effective when combined with a warning color such as the blue hue at the algae's growth tips. And where these structures are white, around where the organism's fruiting structures are located, they may act as a camouflage of their original red color against grazers using sight to find their food."

The vast majority of algae-grazing fish occur in tropical waters, because of the higher temperatures needed to digest the food. This, together with the higher visibility there, may explain why structural coloration in red algae in deep water is more common to these regions. But this also has an implication for global warming. Kawai explains, "As warm-water fish migrate further north, they might pose a significant threat to the algae there that are not protected by such coloration."

This research was conducted in collaboration with a researcher from Hokkaido University.
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Ancient poems tell the story of charismatic river porpoise's decline over the past 1,400 years | ScienceDaily
Endemic to China's Yangtze River, the Yangtze finless porpoise is known for its intelligence and charismatic appearance; it looks like it has a perpetual smile on its face. To track how this critically endangered porpoise's habitat range has changed over time, a team of biodiversity and conservation experts compiled 724 ancient Chinese poems referencing the porpoise from historic collections across China. Publishing in the Cell Press journal Current Biology on May 5, their results show that the porpoise's range has decreased by at least 65% over the past 1,400 years, with the majority of this decline occurring in the past century.


						
"We're connecting 2,000 years of Chinese culture with biodiversity," says author Zhigang Mei of the Chinese Academy of Sciences, who grew up alongside the Yangtze River revering the porpoises; elders in his community taught that they were like spirits, predicting the weather and the fish levels, and that hurting them was bad luck. "Our work fills the gap between the super long-term information we get from fossils and DNA and the recent population surveys. It really shows how powerful it can be to combine art and biodiversity conservation."

The Yangtze is the longest river in Asia and the third longest in the world, stretching 6,300 km from the Tanggula Mountains of the Tibetan Plateau until it spills out into the East China Sea near Shanghai. Historically, people -- including many prolific poets such as Qianlong, the emperor of the Qing dynasty -- relied on the river and its tributaries to travel around the region. Along the way, many caught glimpses of the Yangtze finless porpoise, which is the world's only known freshwater porpoise and used to inhabit most of the river.

"Compared to fish, Yangtze finless porpoises are pretty big, and they're active on the surface of the water, especially before thunderstorms when they're really chasing after fish and jumping around," says Mei. "This amazing sight was hard for poets to ignore."

Indeed, as the team systematically collected, filtered, and collated their way through preserved poems dating back to the year 618, the researchers found hundreds of references to the porpoises. Mei says that the fact that a freshwater mammal like the Yangtze finless porpoise appears so often in these poems reflects the deep connection between people and nature in Ancient China.

"One of the biggest challenges in this research was just the sheer number of Chinese poems out there, and the fact that every poet had such a different style," says Mei. "We had to figure out how accurate the poets were being. Some might have been really focused on realism, describing what they saw as objectively as possible. Others might have been more imaginative, exaggerating the size or behavior of things they saw. So, once we found these poems, we had to research each poet's life and writing style to make sure the information we were getting was reliable."

By contextualizing the porpoise references within the rest of the poem and alongside historical records of the poet's life events, the researchers were able to pinpoint the chronological time and geographic location of the sightings. They found that the Qing Dynasty (1636-1912 CE) had over half of the total porpoise poetry with 477 poems mentioning the Yangtze finless porpoise, followed by the Ming Dynasty (1368-1644 CE) with 177 poems, the Yuan Dynasty (1271-1368 CE) with 27, the Song Dynasty with 38, and the Tang Dynasty (618-907 CE) with just 5 poems.




Next, the researchers used the information gathered from the poems to reconstruct the porpoise's distribution over time. They found that the sharpest habitat-range decrease occurred over the past century -- between the Qing dynasty and modern times. They also observed that the porpoise's range throughout the main part of the river has decreased by 33% since the Tang Dynasty, while its range among the tributaries and lakes that the Yangtze feeds into has decreased by 91%.

The finding that the Yangtze finless porpoise's range has declined so sharply over the past century aligns with previous research, which showed that their dwindling population can be largely attributed to human alterations to the Yangtze River -- especially through hydraulic engineering projects. The porpoises likely disappeared from the Yangtze's lakes and tributaries as a direct result of dam constructions in the 1950s that blocked off movement to and from the river's mainstem. Two other species endemic to the Yangtze -- the baiji dolphin and the Chinese paddlefish -- have gone functionally extinct over the past few decades, likely due to the same habitat changes.

"Protecting nature isn't just the responsibility of modern science; it's also deeply connected to our culture and history," says Mei. "Art, like poetry, can really spark an emotional connection, making people realize the harmony and respect we should have between people and nature."

Going forward, the authors plan to dig back into the poems they've collected to see what they can learn about what the river looked like in the past, how big the groups of porpoises used to be, and how they might have behaved before their numbers dwindled. They hope that their work can eventually help the remaining Yangtze finless porpoise population recover and potentially inspire more scientists to gain ecological insights from poetry -- as well as from other historical art forms such as novels and paintings.

"This work made me rethink the scientific value of historical literature and showed us the power of thinking across disciplines," says Mei. "Chinese poetry, this ancient art form, can be a serious scientific tool. Using the past to understand the present, 'decoding' the stories behind the art: it's not just research, it's like having a conversation with the poets of the past."
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The future of brain activity monitoring may look like a strand of hair | ScienceDaily
The future of electroencephalography (EEG) monitoring may soon look like a strand of hair. In place of the traditional metal electrodes, a web of wires and sticky adhesives, a team of researchers from Penn State created a hairlike device for long-term, non-invasive monitoring of the brain's electrical activity. The lightweight and flexible electrode attaches directly to the scalp and delivers stable, high-quality recordings of the brain's signals.


						
EEG is critical for diagnosing and assessing neurological conditions like epilepsy and brain injuries. In some cases, clinicians need to monitor brain waves for longer periods of time, for example, to evaluate seizures, sleep disorders and conditions that affect the blood vessels and blood flow in the brain.

The researchers described the new electrodes, which were shown to maintain stable performance for over 24 hours of continuous wear, in a study published in the journal npc biomedical innovations. This technology holds promise for use in consumer health and wellness products, in addition to clinical health care application, according to the researchers.

"This electrode allows for more consistent and reliable monitoring of EEG signals and can be worn without being noticeable, which enhances both functionality and patient comfort," said Tao Zhou, Wormley Family Early Career Professor of engineering science and mechanics and senior author on the paper.

EEG monitoring is a widely used method to measure the brain's electrical activity, Zhou explained. Small metal electrodes are placed on the scalp and pick up the faint electrical impulses generated by cells in the brain. The electrodes are attached to wires that are then connected to a machine that displays the brain's activity as patterns that look like waves.

The traditional EEG monitoring process, however, can be a cumbersome -- and sometimes messy -- affair. Its limitations make it difficult to use for continuous, long-term monitoring.

To get a good recording of the brain's activity, the electrodes need to conform to the scalp. Any gaps between the electrode and the skin or dense hair can diminish the quality of the recorded signal. Researchers and clinicians must apply gels to the scalp to maintain good surface-to-surface contact between the electrodes and skin and signal quality. For some people, though, the gels can cause skin irritation.




It's a time-consuming process that must be repeated when the gels dry out, especially for someone needs to be monitored continuously or over the course of multiple sessions. The application and re-application process is imprecise, too, and can result in different amounts of gel used on the electrodes.

"This will change the impedance -- or interface -- between the electrodes and the scalp and it can affect the brain signal that's recorded," Zhou said. "We also don't always apply the electrodes in the exact same position either because we're human. But if you change the position, even a little bit, the brain signals you're monitoring can be different."

The conventional EEG electrodes are rigid, too, and can shift when someone moves their head, even slightly, which can compromise the data uniformity.

To address these limitations, the research team designed a small monitoring device that looks like a strand of hair and is made from 3D-printed hydrogel material. One end is the electrode. It looks like a small dot and captures the brain's electrical signals from the scalp. There's a long, thin wire-like component that extends from the electrode, which connects to the monitoring system.

The device also uses a 3D-printable bioadhesive ink that allows the electrode to stick directly onto the scalp without the need for any gloopy gels or other skin preparation. This minimizes the gap between the electrode and scalp, improving the signal quality. The lightweight, flexible and stretchable nature of the device also means that the device stays put -- even when combing hair and donning and removing a baseball cap -- and can be worn for longer periods of time, making it suitable for chronic monitoring.

The team found that the new device performed comparably to gold electrodes, the current standard electrodes used for EEG. However, the hairlike electrode maintained better contact between the electrode and skin and performed reliably for over 24 hours of continuous wear without any degradation in signal quality. Because the electrodes don't have to be removed and replaced like traditional EEG monitoring systems, they eliminate the risk of inconsistent data, even across different monitoring sessions.




"You don't have to worry if the position of the electrode has changed or if the impedance has changed because the electrodes haven't moved," Zhou said.

Unlike the traditional metal electrodes, the new electrodes mimic human hair and are inconspicuous on the head. Since the device is 3D-printed, Zhou explained that they can print the electrode in different colors to match a person's hair, too.

"This makes it discreet, and people may be more comfortable wearing this, especially if they require continuous EEG monitoring and need to wear the electrodes for an extended period of time," Zhou said.

Currently, the EEG is still wired; patients need to be connected to a machine while their brain activity is recorded. In the future, the researchers hope to make the system wireless so that people can move around more freely during recording sessions.

Other Penn State authors on the paper include lead authors Salahuddin Ahmed and Marzia Momin, both doctoral students in the Department of Engineering Science and Mechanics. Jiashu Ren, doctoral student in the Department of Engineering Science and Mechanics; Hyunjin Lee, doctoral student in the Department of Biomedical Engineering; Li-Pang Huang, research assistant; and Basma AlMahmood, undergraduate student in the Department of Physics also contributed to the paper.

Other authors include Chi-Ching Kuo, Archana Pandiyan and Loganathan Veeramuthu from the Department of Molecular Science and Engineering, National Taipei University of Technology.

Funding from the National Institutes of Health; Oak Ridge Associated Universities; the National Taipei University of Technology-Penn State Collaborative Seed Grant Program; and the Department of Engineering Science and Mechanics, the Materials Research Institute and the Huck Institutes of Life Sciences at Penn State supported this work.
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Space junk falling to Earth needs to be tracked: Meteoroid sounds can help | ScienceDaily
Every year, Earth gets a bit bigger. Thousands of metric tons of space dust fall from the sky, while about 50 tons per year of meteorites crash land somewhere on the surface. Since the 1960s, space junk has also occasionally returned to Earth, falling from a hazy sphere of trash encircling the planet. Remnants of rockets, tools lost by space-walking astronauts, defunct satellites, and more fly through lower Earth orbit, reaching speeds of 18,000 miles per hour. When any item -- whether space rock or space junk -- enters the atmosphere, scientists try to track its path to estimate where it will land. Will the item in question plunk straight down, or will it fly along at an angle before skittering to a halt?


						
In a new study to be presented at the General Assembly of the European Geosciences Union next week, Elizabeth Silber, a scientist at Sandia National Laboratories, will consider how infrasound sensors -- instruments that detect sounds at lower frequencies than humans can hear -- listen for bolides. Bolides are the bright flashes and booms from large meteoroids breaking apart high in the sky. These events release huge amounts of energy, creating shock waves that travel as infrasound signals across thousands of kilometers. But here's the challenge: bolides aren't like explosions that happen in one place. They are moving, generating sound along their path as they travel through the sky. This movement matters, especially for meteoroids and space debris that enter shallow angles. In those cases, different infrasound stations might pick up signals coming from different directions, making it harder to pinpoint the source.

Motivated by this problem, Silber used a network of infrasound sensors around the world maintained by the Comprehensive Test Ban Treaty Organization (CTBTO), an organization tasked with listening for illicit explosions. These instruments also record anything else that claps or booms, from thunder to supersonic aircraft. Using signals specifically from bolides, Silber isolated the purely geometric component for her analysis. She found that if a bolide enters Earth's atmosphere at a relatively steep angle -- greater than 60deg -- analysis of the infrasound signal gets the trajectory right. But when it comes more horizontally, the uncertainty increases.

"Infrasound from a bolide is more like a sonic boom stretched across the sky than a single bang," Silber says. "You must account for the fact that the sound is being generated along the flight path."

And so, this study highlights a critical need: to consider the trajectory of an object when interpreting infrasound data. Infrasound instruments are indispensable for planetary defense, according to Silber, and the findings are relevant to Earth-bound space junk. If you don't know where something is going, then you have a hard time preparing for it.
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The all-female Korean Haenyeo divers show genetic adaptions to cold water diving | ScienceDaily
The Haenyeo, a group of all-female divers from the Korean island of Jeju, are renowned for their ability to dive in frigid waters without the aid of breathing equipment -- even while pregnant. A study publishing on May 2 in the Cell Press journal Cell Reports shows that the divers' remarkable abilities are due to both training and genetic adaptation, including gene variants associated with cold tolerance and decreased blood pressure. The divers also showed pronounced bradycardia, or slowing of the heart rate, when they dived, but this trait is likely due to a lifetime of training, not genetics.


						
"The Haenyeo are amazing, and their incredible ability is written in their genes," says geneticist Melissa Ilardo of the University of Utah. "The fact that women are diving through their pregnancy, which is a really tough thing to do, has actually influenced an entire island's people."

The Haenyeo, or "women of the sea," dive year-round in social collectives to harvest food for their communities. They begin training at around age ten and continue for their whole lives. Inspired by the Haenyeo's remarkable diving abilities, the researchers wanted to know whether they have distinguishable physiological traits that help them cope with the strain of diving, and if so, whether these traits are due to genetic adaptation or training.

To find out, the team compared the physiological traits and genomes of 30 Haenyeo divers to 30 non-Haenyeo people from Jeju, as well as 31 people from mainland Korea. To match the age of the divers, the average age of all participants was 65. The researchers compared the participants' heart rate and blood pressure at rest and during "simulated dives" where the participants held their breath while submerging their faces in cold water.

"If you hold your breath and put your face in a bowl full of cold water, your body responds as if you're diving," says Ilardo. "A lot of the same processes happen in your body that would happen if you were to jump in the ocean, but it's done in a way that's safe for people with no diving experience."

The team's genomic analysis showed that Jeju residents -- both Haenyeo and non-Haenyeo -- were distinct from individuals from mainland Korea, suggesting that all Jeju residents are descended from the same ancestral population.

"We can essentially think of everyone from Jeju as either 'diving Haenyeo' or 'non-diving Haenyeo,' because their genetics are the same," says Ilardo.




The genomic analysis also revealed two gene variants in the Haenyeo that may help them cope with the pressures of diving, making the Haenyeo the second known population of traditional breath-hold divers that has evolved for diving. One gene is associated with cold tolerance, which could make the divers less vulnerable to hypothermia. The other gene is associated with decreased diastolic blood pressure (i.e., blood pressure in between heart contractions). The variant was found in 33% of participants from Jeju but only 7% of mainland participants.

"This association may reflect natural selection to mitigate the complications of diastolic hypertension experienced by female divers while diving through pregnancy," says Ilardo. "Since Bajau women also dive while they're pregnant, we wonder whether pregnancy is actually driving a lot of the genetic changes in these diving populations."

During the simulated dives, all of the participants showed decreased heart rates, but the Haenyeo's heart rates dropped significantly more than those of either control group. On average, the divers' heart rates decreased by 18.8 beats per minute (bpm) compared to a decrease of 12.6 bpm in the Jeju non-divers. A lowered heart rate during diving is beneficial because it saves energy and conserves oxygen. Since their genomic analysis indicated that Haenyeo and non-diving Jeju are genetically members of the same population, the researchers concluded that this feature is likely due to the divers' training.

"Because the Haenyeo have been diving for a very long time, their heart rate has been trained to drop more," says Ilardo. "This was something we could actually visually see -- we had one diver whose heart rate dropped by over 40 beats per minute in less than 15 seconds."

The researchers say that these findings highlight the potential of studying traditional diving populations to better understand human genetic and physiological adaptation.

"We're really excited to learn more about how these genetic changes may be affecting the health of the broader population of Jeju," says Ilardo. "If we can more deeply characterize how those changes affect physiology, it could inspire the development of therapeutics to treat different conditions, such as hypertensive disorders of pregnancy and stroke."

This research was supported by the Office of Naval Research, the National Institutes of Health, and the National Science Foundation.
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