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      Nanotechnology

      Nanotechnology. The latest news on  nanoscience, nanoelectronics, science and technology. Updated Daily.


      
        DNA attached to nanoparticles found to contribute to lupus symptoms
        Autoimmune diseases are mysterious. It wasn't until the 1950s that scientists realized that the immune system could harm the organs of its own body. Even today, the fundamental causes and inner workings of most autoimmune diseases remain poorly understood, limiting the treatment options for many of these conditions.

      

      
        Scientists invent coin-sized device to rapidly isolate blood plasma for diagnostics and precision medicine
        Scientists at Nanyang Technological University, Singapore (NTU Singapore), have developed a coin-sized chip that can directly isolate blood plasma from a tube of blood in just 30 minutes, which is more convenient and user-friendly as compared to the current gold standard, multi-step centrifugation process.

      

      
        New method for analyzing nanoporous materials
        In addition to their main components, the properties of crystalline and nanoporous materials often depend crucially on guest atoms or ions that are embedded in the tiny pores of their lattice structure. This applies to high-tech materials used in sensor or separation technology as well as to natural materials. The bluish gemstone aquamarine, for example, would be colorless without such guest components.

      

      
        An approach to design high-power lithium sulfur batteries
        Lithium-sulfur (Li-S) batteries are a promising alternative to lithium-ion batteries (LiBs), the most common rechargeable battery technology. As sulfur is abundant on Earth, these batteries could be cheaper and more environmentally friendly than LiBs, while also potentially exhibiting higher energy densities.

      

      
        Efficient and durable water splitting in acidic media
        Recent research published in National Science Review by a team led by Dr. Rong Cao and Dr. Minna Cao from the Fujian Institute of Research on the Structure of Matter, Chinese Academy of Sciences, and Dr. Dongshuang Wu from Nanyang Technological University, Singapore, has demonstrated the successful design and synthesis of a series of sub-10 nm core-shell nanocatalysts consisting of an Au core and an AuxIr1-x alloy shell.
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DNA attached to nanoparticles found to contribute to lupus symptoms

										

    
        
            [image: DNA attached to nanoparticles contributes to lupus symptoms]
             
                A healthy cell's internal structure (left) compared to a cell that has taken up nanoparticles coated with DNA (right). The large cavities are the places where the nanoparticle was internalized, helping researchers better understand what cell receptors are being activated. Credit: Proceedings of the National Academy of Sciences (2024). DOI: 10.1073/pnas.2319634121
            
        

    


Autoimmune diseases are mysterious. It wasn't until the 1950s that scientists realized that the immune system could harm the organs of its own body. Even today, the fundamental causes and inner workings of most autoimmune diseases remain poorly understood, limiting the treatment options for many of these conditions.



										      
         
        
        
        

      

																																	
Over the past several years, however, research has found clues for how autoimmune diseases might arise. This research has shown that DNA attached to small particles within the bloodstream is a likely culprit involved in many autoimmune diseases, especially systemic lupus erythematosus, or just lupus for short, which primarily affects young women and can cause kidney damage.

However, due to the large variety in sizes of both particles and DNA in the blood, testing to what extent and under what circumstances these DNA-particle combinations play a role in disease has been extremely difficult.

Researchers at Duke University have now developed a way to systematically test how these DNA-bound particles interact with the immune system. By using tiny particles of specific sizes, attaching DNA strands of certain lengths and exposing the resulting complexes to immune cells in a lab dish, the researchers show a better fundamental understanding of these diseases may be possible.

The results were published in the Proceedings of the National Academy of Sciences.


																																						
    
     




																																			"Our approach identified the cellular pathway that causes the harmful response to these hybrid particles, and showed that DNA bound to the surfaces of nanoparticles is protected from being degraded by enzymes," said Christine Payne, the Yoh Family Professor of Mechanical Engineering and Materials Science. "We think these are extremely important results that will form the basis for future studies with our novel system."

While DNA is usually locked away within a cell's nucleus, it often gets into the bloodstream when cells die or are attacked by viruses and bacteria. While most so-called "cell-free DNA" only lasts minutes before being broken down by the body, in some people and situations, it can persist for much longer. In recent work, high levels of cell-free DNA have been closely related to the severity of lupus symptoms, and many doctors are now testing ways to use it to monitor disease activity.

Cell-free DNA may escape elimination largely by forming complexes with other molecules or attaching itself to naturally occurring particles. Depending on the origin of the DNA, it can range in length from a few hundred base pairs to several thousand. And the particles it can attach to range from 100 to 1000 nanometers in diameter.

"Experimenting with the particles actually found in blood is difficult because they come in so many different sizes and combinations," said Dr. David Pisetsky, professor of medicine and integrative immunobiology at the Duke University School of Medicine.


																																			"Where previous work has focused on using nanoparticles for therapy, here we're exploring using participles to understand disease mechanisms, which can be very informative for important medical questions." Payne worked with members of her laboratory to fabricate tightly controlled synthetic particles at both ends of the naturally occurring size spectrum.

They then attached DNA strands from E. Coli, either a few hundred base pairs long or 10,000 base pairs long, to particles both large and small. With a wide range of synthetic DNA-particle complexes in hand, they mixed various combinations with human macrophages, a type of white blood cell that surrounds and kills microorganisms, removes dead cells, and stimulates the action of other immune cells.

"I joined the lab over a year ago and have been working on characterizing the nanoparticle coronas to understand their size, amount of DNA, and how the DNA degrades," said Diego Montoya, a third-year undergraduate student working in Payne's lab and a co-author on the paper. "It's been a lot of fun and a privilege working with everyone on this research."

The first important observation the team made was that DNA attached to nanoparticles was protected from degrative enzymes and that larger nanoparticles provided more protection.

"We think the enzymes might not be able to access the DNA to destroy it because of the shape the DNA makes with the surface of the nanoparticle," said Faisal Anees, a Ph.D. student in Payne's lab. "But there might be other effects going on, so that's a question we're trying to answer more definitively now."


																																						
    
     




																																			The results showed that the macrophages responded to all types of DNA-particle complexes by producing inflammatory signals for other cells to follow, a hallmark of many autoimmune diseases. They also demonstrated that this response is created through a specific signaling pathway called cGAS-STING.

The researchers stress that the combined results do not yet provide a smoking gun for the cause of lupus or other autoimmune diseases, which are likely varied and nuanced.

"All the ways the immune system attacks itself are really complex, hard to understand, and difficult to treat," Payne said. "This approach gives researchers a way to drill down and pinpoint factors that they wouldn't be able to with a purely biological system."

"We now have a well-defined model system that gives us the ability to ask these questions about causation versus correlation," added Pisetsky, who has been researching autoimmune diseases for almost half a century. "It also gives us a new method for exploring potential therapies."



																																																					
																				
																						More information:
												Faisal Anees et al, DNA corona on nanoparticles leads to an enhanced immunostimulatory effect with implications for autoimmune diseases, Proceedings of the National Academy of Sciences (2024). DOI: 10.1073/pnas.2319634121
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                Prototype of the ExoArc system, which allows for a one-step automated isolation of high-quality blood plasma useful for diagnostics and precision medicine. Credit: Nanyang Technological University
            
        

    


Scientists at Nanyang Technological University, Singapore (NTU Singapore), have developed a coin-sized chip that can directly isolate blood plasma from a tube of blood in just 30 minutes, which is more convenient and user-friendly as compared to the current gold standard, multi-step centrifugation process.



										      
         
        
        
        

      

																																	
Named ExoArc, the device can achieve high blood plasma purity by removing more than 99.9% of blood cells and platelets precisely and gently in just one step.

This will greatly speed up clinical analysis of the cell-free DNA and RNA molecules, as well as nanoparticles commonly known as extracellular vesicles. These particles are often used to screen for biomarkers that are tell-tale signs specific to certain cancers and diseases.

Currently, the only way to isolate blood plasma is by using a centrifuge, which spins blood samples at high speeds to separate blood cells from plasma.

However, even after two rounds of spinning in the centrifuge, there will still be some cells and platelets present in the blood plasma which can break down or degrade, releasing additional bio-content, thus leading to unwanted materials that affect the accuracy of diagnostic tests.

As a proof of concept, the team built a portable prototype device (measuring 30 cm x 20 cm x 30 cm) to house the ExoArc chip (3.5 cm x 2.5 cm x 0.3 cm), which has a large touchscreen interface to adjust settings, as well as internal pumps and pipings for the processing of blood samples and collection of the isolated blood plasma.


																																						
    
     




																																			Together with clinician-scientists from National Cancer Center Singapore (NCCS), Tan Tock Seng Hospital (TTSH), and the Agency for Science, Technology and Research (A*STAR), the team clinically validated ExoArc by analyzing the microRNA profile of blood plasma in healthy people and cancer patients using a biomarker panel and found it was able to diagnose non-small cell lung cancer with a sensitivity of 90%.

As an innovation, ExoArc currently has two patent applications filed through NTUitive, NTU's innovation and enterprise company, and its study findings have been published recently in ACS Nano.

Lead scientist of the study, NTU Associate Professor Hou Han Wei, said the team aimed to find a quicker solution that could replace the centrifuge, while still yielding high-quality plasma for disease screening and research.

"It has been nearly 160 years since the invention of the first centrifuge and about 50 years since modern high-speed centrifuges became a standard tool in laboratories for preparing blood samples. Despite these advancements, separating complex liquids like blood, which comprises various cell types and a diverse range of biological materials, remains a challenge," explained Assoc Prof Hou, a biomedical engineer from the School of Mechanical and Aerospace Engineering and Lee Kong Chian School of Medicine (LKCMedicine).


																																			"By leveraging unique flow phenomenon in tiny channels in a chip that is about the size of a dollar coin, we can now efficiently separate small biological materials based on their size without using any physical membrane or filters. We have transformed this breakthrough technology into a device about size of a small desktop printer, featuring disposable plastic chips to prevent cross-contamination in clinical testing."

Co-author of the paper, Professor Darren Lim, senior consultant in the Division of Medical Oncology at NCCS and Director of Research at the SingHealth Duke-NUS Lung Center, explained the importance of high-quality blood plasma.

"Reducing contamination from degraded blood cells is crucial for the accuracy of diagnostic tests. Our study shows that this device allows quicker and more precise clinical diagnoses, significantly decreasing the waiting time for test results, reducing patients' anxiety and ultimately improving their overall care. This is particularly significant for cancer treatment," said Prof Lim.

In another demonstration of its broad application, the team used ExoArc to study microRNA molecules from blood plasma samples from healthy individuals and those with type 2 diabetes mellitus using quantitative polymerase chain reaction (PCR).

From just one tube of blood, they identified 293 different microRNA molecules. The research team also found that the microRNA profile from plasmas and extracellular vesicles from individuals with type 2 diabetes had a different composition as compared to healthy participants. This suggests the potential of ExoArc in helping to isolate and identify disease-related biomarkers.

Associate Professor Rinkoo Dalan, Senior Consultant specializing in diabetes and endocrinology at Tan Tock Seng Hospital, said the initial results are promising and show the potential of ExoArc being able to help drive precision medicine.

"This technology can help clinicians better predict and manage complications of chronic metabolic conditions like diabetes, by providing more accurate, timely, and individualized information. By detecting specific biomarkers accurately, we can tailor treatments to the unique needs of each patient, potentially improving outcomes and enhancing the quality of care," said Assoc Prof Dalan, who is also a teaching faculty at LKCmedicine.


																																						
    
     




																																			ExoArc vs. conventional centrifuge

The current gold-standard method of isolating blood plasma relies on centrifuges, which is not foolproof and is highly dependent on the skill of the technicians who manually extract the plasma after each spin.

Even after two centrifugation rounds, which can take up to an hour, residual biological cells can remain in the plasma, potentially contaminating RNA tests and leading to inaccurate results.

One of the key reasons is that blood tests are time-sensitive, requiring processing within a day or even a few hours to prevent the rapid degradation of biological material from cells. This breakdown introduces additional DNA, RNA or vesicles into the plasma, which can distort test outcomes.

Laboratories typically wait to accumulate multiple blood samples before using the centrifuge, extending the isolation process by several hours. This delay combined with the extended duration of centrifugation and operator variability, sometimes makes it challenging to compare scientific findings between different research labs.

Unlike the centrifuge machine which usually processes multiple tubes of blood samples, ExoArc technology can be scaled up by designing multiple channels to simultaneously isolate blood plasma as and when blood samples are received in clinics or hospitals in a faster and more consistent manner.

In the future, this process could be automated into a one-step process, which would significantly reduce the time needed to prepare samples for testing and will streamline the diagnostic process, potentially helping to reduce overall cost. By adjusting the size cutoff, this platform technology can also be used to isolate bacteria or viruses from blood or other biofluids.

The development of ExoArc is backed by a Proof-of-Concept and Proof-of-Value grant from the NTUitive Gap Fund, under the NTU Innovation and Entrepreneurship initiative. This initiative seeks to turn research into practical innovations that address societal challenges, like an aging population, and generate significant economic benefits for Singapore.



																																																					
																				
																						More information:
												Sheng Yuan Leong et al, High-Throughput Microfluidic Extraction of Platelet-free Plasma for MicroRNA and Extracellular Vesicle Analysis, ACS Nano (2024). DOI: 10.1021/acsnano.3c12862
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                A z-contrast image of an aquamarine crystal at atomic resolution using the ASTEM microscope. The yellow arrows mark caesium ions in the crystal pores. Credit: FELMI-ZFE
            
        

    


In addition to their main components, the properties of crystalline and nanoporous materials often depend crucially on guest atoms or ions that are embedded in the tiny pores of their lattice structure. This applies to high-tech materials used in sensor or separation technology as well as to natural materials. The bluish gemstone aquamarine, for example, would be colorless without such guest components.



										      
         
        
        
        

      

																																	
Determining the type and position of guest components is difficult, as many materials react sensitively to the radiation emissions from electron microscopes.

Thanks to a new method developed by a team led by Daniel Knez and Ferdinand Hofer at the Institute of Electron Microscopy and Nanoanalysis at Graz University of Technology (TU Graz), this can now be done with less radiation and is therefore much easier. The researchers published their findings in the journal Communications Materials.

"The uniqueness of our method lies in the fact that we can determine the three-dimensional distribution of ions in crystal channels or nanopores based on a single electron microscope image," says Daniel Knez.

The mysterious blue color of aquamarine

The researchers developed their method while analyzing the gemstone aquamarine. Until now, it was not known where exactly the iron that lends the stone its blue color is positioned in the crystal.

One hypothesis was that individual iron atoms are stuck in the pores and create this effect from there. But this has now been refuted. In their experiments, the researchers have established beyond doubt that there is no iron in the pores, but instead cesium ions. The color-conferring iron atoms are located in close proximity to the cesium ions, but are integrated into the columns of the crystal lattice.
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                Ferdinand Hofer (left) and Daniel Knez next to the Austrian Scanning Transmission Electron Microscope (ASTEM) at the Institute of Electron Microscopy and Nanoanalytics at TU Graz. Credit: Lunghammer--TU Graz
            
        

    



A single image with atomic resolution as a basis

For their experiments, the researchers recorded a so-called Z-contrast image of the aquamarine crystal at atomic resolution using the ASTEM microscope, a scanning transmission electron microscope. The electron beam of the ASTEM microscope is focused on the surface of the crystal sample, also penetrating into the pores of the material. If it hits ions stored there, they appear as bright dots in the image.

Based on the strength of the contrast with empty pores and the neighboring lattice structures, the researchers can determine the type of embedded ions and also estimate how deep they are located in the pores.

These data were statistically analyzed and compared with a large number of simulations of the crystal structure in order to be able to estimate the various factors influencing the measured signal.

Innovative method opens up new possibilities for materials science

In addition to basic research, the new method is also suitable for the targeted development of new materials. "Our method can be used to precisely determine the position of doping elements, i.e. targeted function-controlling additives, in nanoporous materials such as zeolites or metal-organic framework compounds," says Ferdinand Hofer.

This facilitates the optimization of (single-atom) catalysts and solid-state electrolytes in future batteries or the development of biomedical applications for controlling drug uptake.



																																																					
																				
																						More information:
												Daniel Knez et al, Three-dimensional distribution of individual atoms in the channels of beryl, Communications Materials (2024). DOI: 10.1038/s43246-024-00458-8
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An approach to design high-power lithium sulfur batteries

										 by Ingrid Fadelli										 										 , Phys.org
										 									

									
										

    
        
            [image: An approach to design high-power lithium sulfur batteries]
             
                Electrocatalysts design to improve SRR kinetics in Li||S batteries. Credit: Nature Nanotechnology (2024). DOI: 10.1038/s41565-024-01614-4
            
        

    


Lithium-sulfur (Li-S) batteries are a promising alternative to lithium-ion batteries (LiBs), the most common rechargeable battery technology. As sulfur is abundant on Earth, these batteries could be cheaper and more environmentally friendly than LiBs, while also potentially exhibiting higher energy densities.



										      
         
        
        
        

      

																																	
Despite these advantages, the deployment of Li-S batteries has so far been limited, as many of these batteries also have a low cycle life and a high self-discharge rate. In addition, the predicted high energy density of Li-S batteries often becomes far lower when in real applications, due to the high rates at which they charge and discharge.

A chemical reaction that plays a central role in ensuring the high capacity of Li-S batteries is the so-called sulfur reduction reaction (SRR). This reaction has been widely studied, yet its kinetic tendencies at high current rates remain poorly understood.

Researchers at the University of Adelaide, Tianjin University and Australian Synchrotron recently carried out a study aimed at delineating the kinetic trend of SRR, to inform the future development of high-power Li-S batteries. Their paper, published in Nature Nanotechnology, also introduces a nanocomposite carbon electrocatalyst that was found to boost the performance of Li-S batteries, attaining a discharge capacity retention of approximately 75%.

"The activity of electrocatalysts for the sulfur reduction reaction (SRR) can be represented using volcano plots, which describe specific thermodynamic trends," Huan Li, Rongwei Meng and their colleagues wrote in their paper. "However, a kinetic trend that describes the SRR at high current rates is not yet available, limiting our understanding of kinetics variations and hindering the development of high-power Li||S batteries. Using Le Chatelier's principle as a guideline, we establish an SRR kinetic trend that correlates polysulfide concentrations with kinetic currents."


																																						
    
     




																																			To further examine the kinetic trend of the SRR at high currents, the researchers also collected synchrotron X-ray adsorption spectroscopy measurements and ran various molecular orbital computations. Overall, their results suggest that orbital occupancy in catalysts based on transition metals is linked to the concentration of polysulfide in batteries, and consequently also SRR kinetic predictions.

Based on the kinetic trend they delineated, Li, Meng and their collaborators designed a new nanocomposite electrocatalyst comprised of a carbon-based material and CoZn clusters. They then integrated this catalyst in a Li-S battery cell and tested its performance, focusing on its charge-discharge rates.

"When the electrocatalyst is used in a sulfur-based positive electrode (5 mg cm[?]2 of S loading), the corresponding Li||S coin cell (with an electrolyte:S mass ratio of 4.8) can be cycled for 1,000 cycles at 8degC (that is, 13.4 A gS[?]1, based on the mass of sulfur) and 25degC," the researchers wrote.

"This cell demonstrates a discharge capacity retention of about 75% (final discharge capacity of 500 mAh gS[?]1) corresponding to an initial specific power of 26,120 W kgS[?]1 and specific energy of 1,306 Wh kgS[?]1."

Overall, the recent study by Li, Meng and their colleagues shows that increased polysulfide concentrations promote faster SRR kinetics; thus, catalysts that boost polysulfide concentration could speed up this reaction. This result was validated both via theoretical computations and experimental measurements.

Building on their observations, the researchers already introduced one electrocatalyst that was found to enhance the capacity retention and cyclic stability of an Li-S battery. In the future, their work could inspire the design of other promising catalysts, potentially contributing to the development of new high-power Li-S battery technologies.



																																																					
																				
																						More information:
												Huan Li et al, Developing high-power Li||S batteries via transition metal/carbon nanocomposite electrocatalyst engineering, Nature Nanotechnology (2024). DOI: 10.1038/s41565-024-01614-4
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Efficient and durable water splitting in acidic media

										


    
        
            [image: Engineered for precise control of the active sites on Au@AuxIr1[?]x core-shell surface for efficient and durable water splitting in acidic media]
             
                (a) Valence band photoemission spectra of Au@AuxIr1-x and standard samples. The white bar represents the d-band center. (b) DFT calculated PDOS of d-bands and d-band centers for Au-Ir systems. (c) Structure-activity relationships. Credit: Science China Press
            
        

    


Recent research published in National Science Review by a team led by Dr. Rong Cao and Dr. Minna Cao from the Fujian Institute of Research on the Structure of Matter, Chinese Academy of Sciences, and Dr. Dongshuang Wu from Nanyang Technological University, Singapore, has demonstrated the successful design and synthesis of a series of sub-10 nm core-shell nanocatalysts consisting of an Au core and an AuxIr1-x alloy shell.




										    
																					The first author Dr. Huimin Wang successfully synthesized and systematically tested the electrocatalytic water-splitting performance of this series of materials.

Dr. Huimin Wang found that the active site IrOx can be precisely designed by modulating the Au/Ir component on the surface of the Au@AuxIr1-x core-shell structure. IrOx species on the Au@AuxIr1-x surface is generally considered the active species for OER.

However, an excessive amount of IrOx shifts the d-band center of the catalyst close to the Fermi level, causing a too-strong binding affinity of intermediates that needs a quite high overpotential for the OER. Synchrotron X-ray-based spectroscopies, electron microscopy, and density functional theory calculations combined with electrochemical tests revealed that an optimal ratio of IrOx combined with a suitable d-band center yields the best OER activity.

Among them, the intrinsic activity and durability of Au@Au0.43Ir0.57 are substantially improved. With a load of only 0.02 mgIr/cm2, it is stable for at least 320 h at a high current density of 100 mA/cm2.
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                Surface active and durable IrOx is precisely controlled by tuning Au/Ir compositions, which can realize a balance for activity and stability for water splitting. Credit: Huimin Wang.
            
        

    






																														
																				
																						More information:
												Huimin Wang et al, Sub-10-nm-sized Au@AuxIr1[?]x metal-core/alloy-shell nanoparticles as highly durable catalysts for acidic water splitting, National Science Review (2024). DOI: 10.1093/nsr/nwae056
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        Scientists investigate how cerium is produced in the universe
        Cerium is a rare Earth metal that has numerous technological applications, for example, in some types of lightbulbs and flat-screen TVs. While the element is rare in Earth's crust, it is slightly more abundant in the universe. However, much is unknown about how it is synthesized in stars.

      

      
        High-efficiency hollow-core optical fiber cable for medical procedures
        A research group led by Prof. Jiang Haihe from the Hefei Institutes of Physical Science of the Chinese Academy of Sciences has designed a 6-hole microstructure anti-resonant air-core fiber (AR-HCF) with a larger core diameter of 78 mm.

      

      
        Coalescence-fragmentation cycles based on human conflict
        In 1960, Lewis Fry Richardson famously observed that the severity of a wartime event is described by a simple power law distribution that scales according to the size of the conflict. Statisticians have since proposed various modifications, but they continue to agree that the casualty count in a violent conflict tends to scale with the size of the insurgent group that caused the conflict.

      

      
        The sticking point: Why physicists are still struggling to understand ice's capacity to adhere and become slippery
        Whether in the form of frost or a smooth, transparent ice cube, ice adheres spontaneously and even quite strongly to many solid surfaces. However, as any careless person who has skidded on a winter sidewalk can testify, ice can also be very slippery. In fact, ice can be both sticky and slippery.
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            [image: Scientists use n_TOF to investigate how cerium is produced in the Universe]
             
                The experimental setup. Credit: n_TOF collaboration
            
        

    


Cerium is a rare Earth metal that has numerous technological applications, for example, in some types of lightbulbs and flat-screen TVs. While the element is rare in Earth's crust, it is slightly more abundant in the universe. However, much is unknown about how it is synthesized in stars.



										      
         
        
        
        

      

																																	
Now, in a new study published in Physical Review Letters, the n_TOF collaboration at CERN investigates how cerium is produced in stars. The results differ from what was expected from theory, indicating a need to review the mechanisms believed to be responsible for the production of cerium--and other heavier elements--in the universe.

"The measurement we carried out enabled us to identify nuclear resonances never observed before in the energy range involved in the production of cerium in stars," explains Simone Amaducci of INFN's Southern National Laboratories and first author of the study. "This is thanks to the very-high-energy resolution of the experimental apparatus at CERN and the availability of a very pure sample of cerium 140."

The abundance of elements heavier than iron observed in stars (such as tin, silver, gold, and lead) can be reproduced mathematically by hypothesizing the existence of two neutron capture processes: the slow (s) process and the rapid (r) process.

The s process corresponds to a neutron flux of 10 million neutrons per cubic centimeter while the r process has a flux of more than one million billion billion neutrons per cubic centimeter. The s process is theorized to produce about half of the elements heavier than iron in the universe, including cerium.


																																						
    
     




																																			CERN's Neutron Time-of-Flight facility (n_TOF) is designed to study neutron interactions, such as those that occur in stars. In this study, the scientists used the facility to measure the nuclear reaction of the cerium 140 isotope with a neutron to produce isotope 141.

According to sophisticated theoretical models, this particular reaction plays a crucial role in the synthesis of heavy elements in stars. Specifically, the scientists looked at the reaction's cross-section: the physical quantity that expresses the probability that a reaction occurs. The scientists measured the cross section at a wide range of energies with an accuracy 5% higher than previous measurements.

The results open up new questions about the chemical composition of the universe. "What intrigued us at the beginning was a discrepancy between theoretical star models and observational data of cerium in the stars of the M22 globular cluster in the Sagittarius constellation," explains Sergio Cristallo of INAF's Abruzzo Astronomical Observatory, who proposed the experiment.

"The new nuclear data differs significantly, up to 40%, from the data present in the nuclear databases currently used, definitely beyond the estimated uncertainty."

These results have notable astrophysical implications, suggesting a 20% reduction in the contribution of the s process to the abundance of cerium in the universe. This means a paradigm shift is required in the theory of cerium nucleosynthesis: other physical processes that are not currently included would need to be considered in calculations of stellar evolution.

Furthermore, the new data has a significant impact on scientists' understanding of the chemical evolution of galaxies, which also affects the production of heavier elements in the universe.



																																																					
																				
																						More information:
												S. Amaducci et al, Measurement of the Ce140(n,g) Cross Section at n_TOF and Its Astrophysical Implications for the Chemical Evolution of the Universe, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.132.122701
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High-efficiency hollow-core optical fiber cable for medical procedures

										

    
        
            [image: High-efficiency hollow-core optical fiber cable aids medical procedures]
             
                AR-HCF cross section structure. Credit: Huang Lei
            
        

    


A research group led by Prof. Jiang Haihe from the Hefei Institutes of Physical Science of the Chinese Academy of Sciences has designed a 6-hole microstructure anti-resonant air-core fiber (AR-HCF) with a larger core diameter of 78 mm.



										    
																					
"This is the first time that 2.79 mm high-energy pulsed laser has been transmitted with good efficiency at room temperature," said Prof. Jiang. The study was published in Optics & Laser Technology.

Traditional medical laser devices often face challenges such as complex structures and low efficiency. The AR-HCF overcomes these problems with its simple design, high transmission efficiency, and flexibility.

In this study, the researchers designed a simple structure with high coupling transmission efficiency, high damage threshold, and flexible transmission AR-HCF to replace the light guide arm in laser energy transmission.

With an average coupling transmission efficiency of 77.3% and a maximum of 85%, the optical fiber cable system shows impressive performance.

This innovation enables efficient transmission of high-energy pulsed lasers, particularly in the mid-infrared range, which is critical for medical procedures.



            	
            
                [image: High-efficiency hollow-core optical fiber cable aids medical procedures]
                 
                    The 2.79 mm AR-HCF space transmission experimental device. Credit: Huang Lei
                
            

        

            	
            
                [image: High-efficiency hollow-core optical fiber cable aids medical procedures]
                 
                    AR-HCF loss at different bending radii and bending directions. Credit: Huang Lei
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												Lei Huang et al, High-efficiency 6-hole structure anti-resonant hollow-core fiber 2.79 mm Cr,Er:YSGG high-energy pulse laser transmission system, Optics & Laser Technology (2024). DOI: 10.1016/j.optlastec.2024.110743
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Coalescence-fragmentation cycles based on human conflict

										

    
        
            [image: Coalescence-fragmentation cycles based on human conflict]
             
                Distribution of power-law exponents for various fitting methods. Power-laws are fitted to a coalescence and fragmentation process simulated with size-biased kernels as in (2, 3), M = 10 4 , F = 0.3 , and 20,000 samples. We write MLE and KS-MLE as in the main text, "PL" for power law, "Range" for finite range, "Exp" for an exponential cut-off, "R" for the poweRlaw package, "Python" for the powerlaw package, and "Num" for the numerical maximum likelihood estimation in the bbmle package. The theoretical value is 2.5, which all methods deviated from with varying amounts of bias. Credit: The European Physical Journal B (2024). DOI: 10.1140/epjb/s10051-024-00654-y
            
        

    


In 1960, Lewis Fry Richardson famously observed that the severity of a wartime event is described by a simple power law distribution that scales according to the size of the conflict. Statisticians have since proposed various modifications, but they continue to agree that the casualty count in a violent conflict tends to scale with the size of the insurgent group that caused the conflict.



										      
         
        
        
        

      

																					
In a study published in The European Physical Journal B, Brennen Fagan, of the University of York, UK, and his colleagues analyze models of how complex systems coalesce and fragment based on these warfare dynamics. Their work evaluates the robustness of these models and elucidates the relationship between microscopic dynamics and observed phenomena.

In finite populations, groups coalesce, and they fragment. These processes tend to balance one another, resulting in groups whose size distribution is described by a power law. Fagan surmised that these observed distributions result from the same basic self-organization that shapes human conflicts.

Complex systems also feature finer-scale changes in group distributions: gelation, where most of the population is absorbed into a single large group, and shattering, where large groups break into individuals. Moreover, models suggest an emergent phenomenon: stochastic cycles of gelling and shattering.

Fagan and his colleagues performed simulations to examine how standard models of coalescence and fragmentation vary with different underlying or additional rules common to applications. They found that the basic power law distribution persisted when individuals moved to and from randomly chosen groups and with partial rather than total shattering. But for broader distributions of fragment sizes, the gel-shatter cyclicity no longer occurred.

The results should be applicable to a wide variety of systems, ranging from the physical interactions between asteroids and dust to probabilistic, economic, biological, and social structures--such as the insurgent warfare that inspired the analysis.

The research is published in The European Physical Journal B.
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            [image: The sticking point: why physicists are still struggling to understand ice's capacity to adhere and become slippery]
             
                Modelling of the structure of ice where we can see the structural disorder specific to liquids over a thickness of one to two molecules. Deeper into the ice, we find the ordered (crystalline) structure of ice. Credit: Philippe Brunet, adapted from T. Ikeda-Fukazawa and K. Kawamura, Fourni par l'auteur
            
        

    


Whether in the form of frost or a smooth, transparent ice cube, ice adheres spontaneously and even quite strongly to many solid surfaces. However, as any careless person who has skidded on a winter sidewalk can testify, ice can also be very slippery. In fact, ice can be both sticky and slippery.



										      
         
        
        
        

      

																																	
This versatility has long puzzled scientists. To begin with, they have been attempting to crack the secret behind ice's slipperiness for more than 150 years. Among them have been famous physicists such as Lord Kelvin and Michael Faraday. The latter, better known for his work in electromagnetism, was the first to envisage the presence of a thin layer of liquid water covering ice, even well below 0degC. At the time, he reasoned that the contact of a solid object against the surface layer prompted it to act as a lubricant, greatly reducing friction on the ice. The existence of this liquid layer was confirmed by experiments more than a century later.

A slippery matter

To answer the question "Why is ice slippery?" we first need to understand how this thin layer of liquid water onto the frozen surface has come into being.

As water is denser in its liquid phase than in its icy state, it was long thought that the melting of the ice surface was linked to excess pressure--for example, due to the weight of the skater on the small surface area lying beneath her or his skates. By compressing the ice further, the skater would cause it to melt, rendering it liquid and slippery.


																																						
    
     




																																			Others believe heat is released by friction as the object moves over the ice, causing the surface to melt. Much as when you rub your hands together to warm them, when you rub one solid against another, they heat up.

However, these two mechanisms do not explain why ice remains slippery below -20degC. At such temperatures, it would take considerable pressure--around 500 times that exerted by an ice skate--to cause it to melt.

In the 1960s, more than a century after Faraday, J.W. Telford and J.S. Turner slowly pulled a wire through "cold" ice (below -20degC) to reveal that it remained slippery down to -35degC, at which point the heat released by friction no longer sufficed to melt the ice.

It was only about a century after Faraday's intuition that we were able to demonstrate this liquid layer indirectly, by measuring properties of the ice's surface and not the volume--in this case its properties of absorption of hydrocarbon vapors, which are quite comparable to those of liquid water!

Techniques involving proton or X-ray scattering, usually used to study the structure of crystals, have made it possible to estimate the thickness at between one and several hundred nanometers. Some studies have even suggested that this thickness diverges as the temperature approaches 0degC.


																																			More recently, simulations have made it possible to better represent the structure of this liquid layer. Subsequently, this layer was referred to as "pseudo-liquid" or "quasi-liquid" to differentiate it from the true liquid phase. Such theoretical work has shown that in this surface layer, the molecules are able to move more freely, confirming its role as a lubricant. Nevertheless, the molecular structure is not exactly the same as that of liquid water, which has consequences for the mechanical properties of this pseudo-liquid layer.

A recent study showed a strong correlation between the individual mobility of the molecules and the macroscopic coefficient of friction (the lower the coefficient, the easier it is to glide), suggesting that it is not so much the thickness of the layer that matters for gliding but rather the individual movement of the molecules. The minimum value of the coefficient of friction is measured at -7degC, known as the optimal temperature for skiers and skaters.

Other research went to the heart of the pseudo-liquid layer using a nano-probe, the tip of an atomic force microscope. By vibrating this tip connected to an extremely precise force sensor, measuring the friction between the tip and the liquid in the layer, the authors measured that this liquid can be 50 times more viscous than liquid water, and that it also possesses elasticity (a property more associated with the solid state). This viscosity is similar to that of your edible oils, making the pseudo-liquid layer an excellent lubricant.

To sum up: ice slips because a liquid layer of about 1 to 100 nanometers thick forms on its surface. Its mechanical properties (viscosity, elasticity), which are different from those of liquid water, and the mobility of the molecules that make it up, which is much greater than that of solid ice, give it its exceptional lubricating properties.


																																						
    
     




																																			Why does ice stick?

Ice's stickiness, however, continues to confound scientists, notwithstanding 70 years of experiments. During the latter, scientists have tended to make use of a rather simple kit: a piston connected to force sensor pushes a block of ice, itself stuck to a solid object. When the ice cube breaks away, the force recorded by the sensor suddenly becomes zero, and the maximum value before this breakaway is measured. But these results have shown sometimes contradictory trends, and a fairly wide dispersion.

A recent review on the subject concluded that the adhesion force of ice "depends not only on the chemical composition, surface roughness, mechanical and thermal properties of the substrate [but] also depends critically on the temperature and even on the experimental device for measuring adhesion."

To be a little more precise, when we explore the literature on the subject over the last 60 years, we note that the strength with which ice sticks to a solid depends strongly on temperature in a range between -20degC and 0degC (ice sticks harder to a colder solid). As for the role of surface roughness, it is ambivalent: for some solids (particularly metals), ice sticks more strongly to a rougher substrate, whereas on some plastics it's the other way round...


																																			Finally, at a chemical level, liquid water may be able spread out better on some surfaces than others. For example, water spreads very well on clean glass, while some surfaces are hydrophobic, such as Teflon.

A recent study has shown that the more water in its liquid state spreads over the surface of a solid, the more ice will adhere to this solid. Conversely, a surface with little affinity for liquid water will also have little adhesion for ice.

Why this relationship between the spread of water and the adhesion of ice? First, for ice to adhere to a cold solid, water in its liquid state must have been able to freeze on contact with the solid. Here's a simple experiment that anyone can do:


	Place a metal plate in the freezer or in your ice cube tray.

	Take an ice cube and place it on the plate without taking the whole thing out of the freezer: it won't stick.

	Take another ice cube and let it melt slightly at room temperature (by taking it out of the freezer for a few seconds, for example), then place it on the cold plate. This time it sticks!



What can we conclude? Intuitively, the greater the affinity of the water for the surface, the more easily the liquid water seeps into the roughness and gaps on the surface of the solid, increasing the contact surface between it and the ice after solidification, thus consolidating the adhesion. This experiment also demonstrates the role of liquid water as an adhesive. When you use a conventional adhesive--say, liquid glue--to join two parts together, it is when the parts solidify (by the evaporation of a solvent in the glue) that the strong, definitive adhesion takes place. The same thing happens when liquid water cools on contact with a cold solid and solidifies. The layer of frozen water then plays the role of one of the solids.

How can the ice be made less adhesive?

We can't explain ice adhesion in detail, but we can try to reduce its strength. The idea of using water-repellent treatments has naturally emerged, but these treatments are not very robust over time and can have the opposite effect of what was intended. More promising solutions involve spreading a thin layer of oil or a hydrogel over the surface, but there are still problems with the stability of these layers over large areas.

Another approach is to use active de-icing methods. One such technique is surface ultrasound, which generates "micro-earthquakes" on the solid surface and can cause the ice to break away. We are currently studying this method in the MSC laboratory.
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      The latest science news on astronomy, astrobiology,  and space exploration from Phys.org.


      
        Four new DAQ white dwarfs discovered
        Astronomers from the University of Oklahoma and their colleagues report the detection of four white dwarf stars of a recently discovered rare DAQ spectral subclass. The newfound white dwarfs are slightly more massive than the sun. The finding was detailed in a research paper published March 13 on the preprint server arXiv.

      

      
        Astronomers explore stellar populations of an extremely metal-poor dwarf galaxy
        Using the James Webb Space Telescope, astronomers have conducted near- and mid-infrared observations of an extremely metal-poor blue compact dwarf galaxy known as I Zwicky 18. Results of the observational campaign, presented in a paper published March 11 on the arXiv preprint server, deliver important information regarding stellar populations in this galaxy.

      

      
        Key test drive of Orion on NASA's Artemis II to aid future missions
        Astronauts will test drive NASA's Orion spacecraft for the first time during the agency's Artemis II test flight next year. While many of the spacecraft's maneuvers like big propulsive burns are automated, a key test called the proximity operations demonstration will evaluate the manual handling qualities of Orion.

      

      
        NASA sees progress on Blue Origin's Orbital Reef Life Support System
        A NASA-funded commercial space station, Blue Origin's Orbital Reef, recently completed testing milestones for its critical life support system as part of the agency's efforts for new destinations in low Earth orbit.

      

      
        One impact on Mars produced more than 2 billion secondary craters, finds study
        There are plenty of craters on Mars, especially when compared to Earth. That is primarily thanks to the lack of weathering forces and strong plate tectonics that disrupt the formations of such impacts on our home planet. However, not all impact craters on Mars are directly caused by asteroid impacts. Many of them are caused by the ejecta from an asteroid impact falling back to the planet.

      

      
        Spring is here: NOAA satellite animation captures vernal equinox
        Spring has officially arrived in the Northern Hemisphere, while the Southern Hemisphere is embracing autumn. The start of astronomical spring, known as the vernal equinox, occurred yesterday, March 19, 2024, at 11:06 p.m. EDT.

      

      
        Scientists find one of the most ancient stars that formed in another galaxy
        The first generation of stars transformed the universe. Inside their cores, simple hydrogen and helium fused into a rainbow of elements. When these stars died, they exploded and sent these new elements across the universe. The iron running in your veins and the calcium in your teeth and the sodium powering your thoughts were all born in the heart of a long-dead star.

      

      
        
          	
            Physics
          
          	
            Sections
          
          	
            Chemistry
          
        

      

    

  
	Previous
	Articles
	Sections
	Next



Four new DAQ white dwarfs discovered

										 by Tomasz Nowakowski										 										 , Phys.org
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                Model atmosphere fits to two newly discovered DAQ white dwarfs. Credit: Kilic et al, 2024
            
        

    


Astronomers from the University of Oklahoma and their colleagues report the detection of four white dwarf stars of a recently discovered rare DAQ spectral subclass. The newfound white dwarfs are slightly more massive than the sun. The finding was detailed in a research paper published March 13 on the preprint server arXiv.




										      
         
        
        
        

      

																																	The first DAQ white dwarf was discovered in 2020, and received the designation J055134.612+413531.09, or J0551+4135 for short. The researchers that detected J0551+4135 found that its spectrum is qualitatively similar to a typical hydrogen-atmosphere white dwarf, but with the addition of numerous absorption lines from atomic carbon. Thus, they classified this object as a first example of a new DAQ spectral subclass, which can be distinguished by a unique hydrogen/carbon mixed atmosphere.

In this latest study, the team of astronomers led by University of Oklahoma's Mukremin Kilic has conducted a study of the physical properties of nearby massive white dwarfs. By performing spectroscopic observations of some candidate white dwarfs, they found that four of them are of DAQ subclass.

"Through follow-up spectroscopy of massive white dwarf candidates within 100 pc, we identified two new DAQ white dwarfs with mixed carbon and hydrogen atmospheres. In addition, based on a detailed model atmosphere analysis, we demonstrated that two additional DAQ white dwarfs were overlooked in the literature," the researchers wrote in the paper.

The new DAQ white dwarfs are designated J0205+2057, J0831[?]2231, J0958+5853 and J2340[?]1819. They have masses within the range of 1.13-1.19 solar masses, while their effective temperatures were found to be between 13,836 and 16,871 K. The cooling age of these white dwarfs was estimated to oscillate around 1 billion years.


																																						
    
     




																																			Therefore, the list of known DAQ white dwarfs now contains five objects. Four of them are located nearby, within only 330 light years away from the Earth.

According to the study, the galactic space velocities of the four white dwarfs suggest the Milky Way's thick disk or halo origin. Moreover, rapid rotation was detected in at least two of these objects. These properties make them similar to warm white dwarfs of spectral type DQ--those with carbon absorption features in their spectra.

Based on the collected data and the similarities between DAQ and warm DQ white dwarfs, the astronomers assume that the DAQ population are white dwarf merger remnants. In particular, these objects likely emerge as massive DA white dwarfs, produced in white dwarf mergers.

"Further theoretical studies of the spectral evolution of merger products, including hot and warm DQs and the DAQs would be beneficial for understanding the emergence of the DAQ subclass," the researchers concluded.
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												Mukremin Kilic et al, White Dwarf Merger Remnants: The DAQ Subclass, arXiv (2024). DOI: 10.48550/arxiv.2403.08878
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Astronomers explore stellar populations of an extremely metal-poor dwarf galaxy

										 by Tomasz Nowakowski										 										 , Phys.org
										 									

									
										


    
        
            [image: Astronomers explore stellar populations of an extremely metal-poor dwarf galaxy]
             
                Three-color near-infrared composite image of I Zwicky 18 in NIRCam F115W (blue), F200W (green), and F356W (red). Credit: Hirschauer et al, 2024
            
        

    


Using the James Webb Space Telescope, astronomers have conducted near- and mid-infrared observations of an extremely metal-poor blue compact dwarf galaxy known as I Zwicky 18. Results of the observational campaign, presented in a paper published March 11 on the arXiv preprint server, deliver important information regarding stellar populations in this galaxy.




										      
         
        
        
        

      

																																	Blue compact dwarfs (BCDs) are low-luminosity and low-metal content dwarf galaxies experiencing violent bursts of star formation. They are characterized by a compact optical appearance and H II-region-like spectra due to highly concentrated starburst activities.

I Zwicky 18 is the archetypal BCD located about 59 million light years away in the constellation Ursa Major. This BCD is one of the most extremely metal-poor galaxies known as it is almost exclusively composed of hydrogen and helium.

Previous observations have found that I Zwicky 18 is currently experiencing a period of intensely elevated star-formation rate (SFR) and may be still creating Population III stars--hypothetical extremely massive stars, poor in elements heavier than helium, believed to have been formed in the early universe. Hence, this galaxy is perceived as an ideal laboratory to study both the young and evolved star demographics in an environment analogous to that found shortly after the Big Bang.

That is why a team of astronomers led by Alec S. Hirschauer of the Space Telescope Science Institute (STScI) in Baltimore, Maryland, decided to take a closer look at I Zwicky 18. They employed JWST's Near Infrared Camera (NIRCam) and Mid-Infrared Instrument (MIRI) to investigate the stellar content of this galaxy.

The observations conducted by Hirschauer's team identified extreme populations of bright, recently formed massive stars in I Zwicky 18, located predominantly among the galaxy's two central lobes of star formation--the northwest (NW) and southeast (SE) components. The obtained images also show large supershells of dust and ionized gas carved out by previous star formation and supernovae activity.


																																						
    
     




																																			The collected data allowed the astronomers to detect candidate populations of dusty evolved stars (red supergiants and asymptotic giant branch stars) in I Zwicky 18, alongside bright young stellar objects (YSOs). The researchers estimated the tip of the red giant branch (TRGB) and divided those sources that lie above it into left- and right-branch populations, related to younger (upper main sequence, UMS stars) and older (evolved) stars, respectively.

According to the authors of the paper, their findings suggest that the prevailing demographics of I Zw 18's NW and SE star-formation regions reflect that of younger and older stellar populations. The study also proves how important is JWST in investigating dusty and evolved stars in compact dwarf galaxies in the early universe.
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												Alec S. Hirschauer et al, Imaging of I Zw 18 by JWST: I. Strategy and First Results of Dusty Stellar Populations, arXiv (2024). DOI: 10.48550/arxiv.2403.06980
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Key test drive of Orion on NASA's Artemis II to aid future missions

										

    
        
            [image: Key Test Drive of Orion on NASA's Artemis II to Aid Future Missions]
             
                Credit: NASA
            
        

    


Astronauts will test drive NASA's Orion spacecraft for the first time during the agency's Artemis II test flight next year. While many of the spacecraft's maneuvers like big propulsive burns are automated, a key test called the proximity operations demonstration will evaluate the manual handling qualities of Orion.



										      
         
        
        
        

      

																																	During the approximately 70-minute demonstration set to begin about three hours into the mission, the crew will command Orion through a series of moves using the detached upper stage of the SLS (Space Launch System) rocket as a mark. The in-space propulsion stage, called the ICPS (interim cryogenic propulsion stage), includes an approximately two-foot target that will be used to evaluate how Orion flies with astronauts at the controls.

"There are always differences between a ground simulation and what an actual spacecraft will fly like in space," said Brian Anderson, Orion rendezvous, proximity operations, and docking manager within the Orion Program at NASA's Johnson Space Center in Houston. "The demonstration is a flight test objective that helps us reduce risk for future missions that involve rendezvous and docking with other spacecraft."

After NASA's Reid Wiseman, Victor Glover, and Christina Koch, and CSA (Canadian Space Agency) astronaut Jeremy Hansen are safely in space, the moon rocket's upper stage will fire twice to put Orion on a high Earth orbit trajectory. Then, the spacecraft will automatically separate from the rocket stage, firing several separation bolts before springs push Orion a safe distance away.

As the spacecraft and its crew move away, Orion will perform an automated backflip to turn around and face the stage. At approximately 300 feet away, Orion will stop its relative motion. The crew will take control and use the translational and rotational hand controllers and display system to make very small movements to ensure Orion is responding as expected.


																																						
    
     




																																			Next, the crew will very slowly pilot Orion to within approximately 30 feet of the stage. A two-foot auxiliary target mounted inside the top of the stage, similar to the docking target used by spacecraft visiting the International Space Station, will guide their aim.

"The crew will view the target by using a docking camera mounted inside the docking hatch window on the top of the crew module to see how well aligned they are with the docking target mounted to the ICPS," Anderson said. "It's a good stand in for what crews will see when they dock with Starship on Artemis III and to the Gateway on future missions."

About 30 feet from the stage, Orion will stop and the crew will checkout the spacecraft's fine handling qualities to evaluate how it performs in close proximity to another spacecraft. Small maneuvers performed very close to the ICPS will be done using the reaction control system thrusters on Orion's European Service Module.

Orion will then back away and allow the stage to turn to protect its thermal properties. The crew will follow the stage, initiate a second round of manual maneuvers using another target mounted on the side of the stage, approach within approximately 30 feet, perform another fine handling quality check out, then back away.

At the end of the demonstration, Orion will perform an automated departure burn to move away from the ICPS before the stage then fires to re-enter Earth's atmosphere over a remote location in the Pacific Ocean. During Orion's departure burn, engineers will use the spacecraft's docking camera to gather precise positioning measurements, which will help inform navigation during rendezvous activities on future missions in the lunar environment, where there is no GPS system.


																																			Because the Artemis II Orion is not docking with another spacecraft, it is not equipped with a docking module containing lights and therefore is reliant on the ICPS to be lit enough by the sun to allow the crew to see the targets.

"As with many of our tests, it's possible the proximity operations demonstration won't go exactly as expected," said Anderson. "Even if we don't accomplish every part of the demonstration, we'll continue on with the test flight as planned to accomplish our primary objectives, including evaluating Orion's systems with crew aboard in the deep space environment and keeping the crew safe during the mission."

The approximately 10-day Artemis II flight will test NASA's foundational human deep space exploration capabilities, the SLS rocket and Orion spacecraft, for the first time with astronauts and will pave the way for lunar surface missions, including landing the first woman, first person of color, and first international partner astronaut on the moon.
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NASA sees progress on Blue Origin's Orbital Reef Life Support System

										

    
        
            [image: NASA sees progress on Blue Origin's Orbital Reef Life Support System]
             
                A digital rendering of Blue Origin's free-flying station named Orbital Reef, which continues to be developed as part of a Space Act Agreement with NASA. Credit: Blue Origin
            
        

    


A NASA-funded commercial space station, Blue Origin's Orbital Reef, recently completed testing milestones for its critical life support system as part of the agency's efforts for new destinations in low Earth orbit.



										      
         
        
        
        

      

																																	The four milestones are part of a NASA Space Act Agreement originally awarded to Blue Origin in 2021 and focused on the materials and designs for systems to clean, reclaim, and store the air and water critical for human spaceflight.

NASA is working closely with commercial companies to develop new space stations capable of providing services to NASA and others, which will ensure that the U.S. maintains a continuous human presence in low Earth orbit and provides direct benefits for people on Earth.

"These milestones are critical to ensuring that a commercial destination can support human life so NASA astronauts can continue to have access to low Earth orbit to conduct important scientific research in the unique microgravity environment," said Angela Hart, manager of NASA's Commercial Low Earth Orbit Development Program. "Additionally, each milestone that is completed allows NASA to gain insight into our partner's progress on station design and development."

Humans living and working in space do so in a closed environment that must be monitored and controlled. On the International Space Station, components for the environmental control and life support system maintain clean air and water for astronauts. The regenerative system recycles and reclaims most of the water and oxygen produced by normal human activities. This significantly reduces the amount of mass that would have to be launched to the orbiting laboratory for these functions.


																																						
    
     




																																			Orbital Reef will have a similar system in place. All four milestones tested different parts of the system, including a trace contaminant control test, water contaminant oxidation test, urine water recovery test, and water tank test.

The trace contaminant control test screened materials to remove harmful impurities from the air. The water containment oxidation test, urine water recovery test, and water tank test all focused on potential cleaning, reclaiming, and storing technologies.

NASA is supporting the design and development of multiple commercial space stations, including Blue Origin's Orbital Reef, through funded and unfunded agreements. The current design and development phase will be followed by the procurement of services from one or more companies, where NASA aims to be one of many customers for low Earth orbit destinations.

NASA's commercial strategy for low Earth orbit will provide the government with reliable and safe services at a lower cost and enable the agency to focus on Artemis missions to the moon in preparation for Mars, while also continuing to use low Earth orbit as a training and proving ground for those deep space missions.
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One impact on Mars produced more than 2 billion secondary craters, finds study

										

    
        
            [image: One impact on Mars produced more than 2 billion secondary craters]
             
                Corinto Crater. Credit: NASA
            
        

    


There are plenty of craters on Mars, especially when compared to Earth. That is primarily thanks to the lack of weathering forces and strong plate tectonics that disrupt the formations of such impacts on our home planet. However, not all impact craters on Mars are directly caused by asteroid impacts. Many of them are caused by the ejecta from an asteroid impact falling back to the planet.



										      
         
        
        
        

      

																																	
One recent study showed how impactful this can be--it concludes that a single large impact crater on Mars created more than 2 billion other smaller craters up to almost 2,000 km away.

The study, released at the 55th annual Lunar and Planetary Science Conference in Texas, focuses on a crater called Corinto. It's located in Elysium Planitia, only about 17 degrees north of the red planet's equator. It's a relatively young crater by Martian standards, with the scientists' best estimate of its age being around 2.34 million years ago. It's pretty massive for being that young, though, as the average time between impacts of its size is around 3 million years. As such, the scientists think it might be the most recent crater of its size on Mars.

That's not why it's interesting, though. It has an extensive "ray system." That means that a significant amount of ejecta was cast out from the impact site and landed elsewhere on the planet, creating "rays" from the central impact point that can be seen on a map of the planet's surface even today.

Corinto crater is about 14 km in diameter and 1 km deep. Its interior bowl is pock-marked with other, smaller craters that happened its impact. Indications suggest it was full of water ice when it was hit, as there appeared to be some degassing of the superheated ice after the impact. Calculations point to a relatively steep impact angle of about 30-45 degrees from straight on--and the impactor appeared to be coming from the north.



    
    
    
        
        
    
         
             
         

        A video from JHU APL shows the details of how we understand how impact craters are made. Credit: JHU APl YouTube Channel
  

As a result, much of the ejecta impact field lies to the south, especially the southwest, of the crater. While some secondary ejecta craters are sitting to the north of the main one, it appears clear that the impactor's angle was significant enough to push most ejecta to the south.


																																						
    
     




																																			Tracking the path of this ejecta a few million years later isn't easy. Scientists used data collected by HiRISE and the Context Camera (CTX) on the Mars Reconnaissance Orbiter (MRO) and analyzed characteristics of smaller craters surrounding the main Corinto crater. In particular, they looked for craters that looked like they would be caused by ejecta rather than by an interplanetary impactor.

They grouped the different types of ejecta craters they found into five different "facies," primarily focused on how far away they were from the main crater. Each facies has its distinct characteristics. For example, Facies 0, the one closest to the main crater, are semi-circular, don't appear to have any ejecta, or have very distinct rims. On the other hand, Facies 3 craters are long and narrow rather than semi-circular (hinting that something rolled through to create them) and have shown up as very bright in the MRO images.
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                Graphical Depiction of the Facies of Maritan craters around Corinto. Credit: Golombek et al.
            
        

    



Two main findings from the paper will probably turn the most heads. The scientists found that there are close to 2 billion secondary impact craters larger than 10 meters caused by the ejecta from Corinto. And those secondary craters appear up to 1,850 km away. That would make it, by far, the most impactful (pun intended) of the recent Martian craters in terms of the sheer number and distance of its ejecta.

The paper didn't go into what that might mean for our larger understanding of these processes on the red planet, nor what future work might be completed--the version reviewed for this article was only two pages. But, as with most things in science, a new record for something--in this case, distance and amount of secondary impact craters, attracts additional research, so we'll have to see what if any, future discoveries can be made regarding this interesting Martian crater.
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												M. Golombek et al, Corinto: A young, extensively rayed crater that produced a billion secondaries on Mars. www.hou.usra.edu/meetings/lpsc2024/pdf/2577.pdf
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Spring is here: NOAA satellite animation captures vernal equinox
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                Credit: Unsplash/CC0 Public Domain
            
        

    


Spring has officially arrived in the Northern Hemisphere, while the Southern Hemisphere is embracing autumn. The start of astronomical spring, known as the vernal equinox, occurred yesterday, March 19, 2024, at 11:06 p.m. EDT.



										      
         
        
        
        

      

																																	During equinoxes, which happen twice a year, the Earth's axis is not tilted toward or away from the sun, resulting in nearly equal periods of daylight and darkness worldwide. The term "equinox" is derived from Latin, meaning "equal night," indicating the balance between day and night during these events.

At the equator, the sun shines directly overhead at noon during equinoxes due to this alignment. The "nearly" equal hours of day and night is due to refraction of sunlight, or a bending of the light's rays, that causes the sun to appear above the horizon when the actual position of the sun is below the horizon. Additionally, the days become a little longer at higher latitudes farther from the equator, because it takes the sun longer to rise and set.

Seasonal changes are driven by the Earth's axial tilt of 23.5 degrees as it orbits the sun, exposing different hemispheres to varying sunlight angles and durations throughout the year. Equinoxes mark the moments when the sun rises due east and sets due west for most places on Earth.



    
    
    
        
        
    
            
            Credit: NOAA Headquarters
  

This animation was created by taking one GeoColor image a day for a year from GOES East, captured at 11:50 UTC each day, and stringing them together.

In the Northern Hemisphere, meteorological spring is based on temperature cycles and runs from March 1 until May 31, while astronomical spring shifts to summer on the summer solstice, which this year will occur on June 20 at 4:50 p.m. EDT.


																																						
    
     




																																			NOAA's GOES-16 and GOES-18 satellites, positioned above the equator, track the Earth's surface and observe the terminator--the edge between the shadows of nightfall and the sunlight of dusk and dawn--providing insights into seasonal changes throughout the year. The slope of the terminator curve changes with the seasons. During an equinox, the terminator is a straight north-south line over the equator.

From their position 22,236 miles above the equator, the GOES satellites orbit at the same rate Earth rotates, so they can keep constant watch over the same region. The GOES East geostationary satellite, also known as GOES-16, keeps watch over most of North America, including the contiguous United States and Mexico, as well as Central and South America, the Caribbean, and the Atlantic Ocean to the west coast of Africa. The GOES West satellite, also known as GOES-18, provides geostationary satellite coverage of the Western Hemisphere, including the United States, the Pacific Ocean, Alaska and Hawaii.
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                Identification of low-metallicity member stars in the LMC. Credit: Nature Astronomy (2024). DOI: 10.1038/s41550-024-02223-w
            
        

    


The first generation of stars transformed the universe. Inside their cores, simple hydrogen and helium fused into a rainbow of elements. When these stars died, they exploded and sent these new elements across the universe. The iron running in your veins and the calcium in your teeth and the sodium powering your thoughts were all born in the heart of a long-dead star.



										      
         
        
        
        

      

																																	
No one has been able to find any of those first generation of stars, but scientists have announced a unique finding: a star from the second generation that originally formed in a different galaxy from ours.

"This star provides a unique window into the very early element-forming process in galaxies other than our own," said Anirudh Chiti, a University of Chicago postdoctoral fellow and first author on a paper announcing the findings. "We have built up an idea of the how these stars that were chemically enriched by the first stars look like in the Milky Way, but we don't yet know if some of these signatures are unique, or if things happened similarly across other galaxies."

The paper was published March 20 in Nature Astronomy.

'Fishing needles out of haystacks'

Chiti specializes in what is called stellar archaeology: Reconstructing how the earliest generations of stars changed the universe. "We want to understand what the properties of those first stars were and what were the elements they produced," said Chiti.

But no one has yet managed to directly see these first-generation stars, if any remain in the universe. Instead, Chiti and his colleagues look for stars that formed from the ashes of that first generation.

It's hard work, because even the second generation of stars is now incredibly ancient and rare. Most stars in the universe, including our own sun, are the result of tens to thousands of generations, building up more and more heavy elements each time.


																																						
    
     




																																			"Maybe fewer than one in 100,000 stars in the Milky Way is one of these second-gen stars," he said. "You really are fishing needles out of haystacks."

But it's worth it to get snapshots of what the universe looked like back in time. "In their outer layers, these stars preserve the elements near where they formed," he explained. "If you can find a very old star and get its chemical composition, you can understand what the chemical composition of the universe was like where that star formed, billions of years ago."
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                Elemental abundance trends of stars in the LMC versus the Milky Way and the Sculptor dwarf galaxy. Credit: Nature Astronomy (2024). DOI: 10.1038/s41550-024-02223-w
            
        

    



An intriguing oddity

For this study, Chiti and his colleagues aimed their telescopes at an unusual target: the stars that make up the Large Magellanic Cloud.

The Large Magellanic Cloud is a bright swath of stars visible to the naked eye in the Southern Hemisphere. We now think it was once a separate galaxy that was captured by the Milky Way's gravity just a few billion years ago. This makes it particularly interesting because its oldest stars were formed outside the Milky Way--giving astronomers a chance to learn about whether conditions in the early universe all looked the same, or were different in other places.

The scientists searched for evidence of these particularly ancient stars in the Large Magellanic Cloud and catalogued ten of them, first with the European Space Agency's Gaia satellite and then with the Magellan Telescope in Chile.


																																			One of these stars immediately jumped out as an oddity. It had much, much less of the heavier elements in it than any other star yet seen in the Large Magellanic Cloud. This means it was probably formed in the wake of the first generation of stars--so it had not yet built up heavier elements over the course of repeated star births and deaths.

Mapping out its elements, the scientists were surprised to see that it had a lot less carbon than iron compared to what we see in Milky Way stars.

"That was very intriguing, and it suggests that perhaps carbon enhancement of the earliest generation, as we see in the Milky Way, was not universal," Chiti said. "We'll have to do further studies, but it suggests there are differences from place to place.

"I think we're filling out the picture of what the early element enrichment process looked like in different environments," he said.

Their findings also corroborated other studies that have suggested that the Large Magellanic Cloud made much fewer stars early on compared to the Milky Way.

Chiti is currently leading an imaging program to map out a large portion of the southern sky to find the earliest stars possible. "This discovery suggests there should be many of these stars in the Large Magellanic Cloud if we look closely," he said. "It's really exciting to be opening up stellar archaeology of the Large Magellanic Cloud, and to be able to map out in such detail how the first stars chemically enriched the universe in different regions."
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												Anirudh Chiti et al, Enrichment by extragalactic first stars in the Large Magellanic Cloud, Nature Astronomy (2024). DOI: 10.1038/s41550-024-02223-w
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      The latest news stories on chemistry, biochemistry, polymers, materials science from Phys.org


      
        Understanding corrosion to enable next-generation metals
        Researchers are using new, experimental techniques like Shear Assisted Processing and Extrusion (ShAPE) and friction stir welding to produce metal components that are lighter, stronger, and more precise than ever before. But as we enter those new frontiers of metalworking, it's crucial to understand the performance and properties of the resulting metals and the bonds between them.

      

      
        'Dual-ligand' strategy helps to achieve perfect asymmetric kinetic resolution polymerization
        Studies on the synthesis and application of chiral materials has important scientific significance and market value. However, the design, synthesis and application of chiral materials are still in their infancy, and relevant research is limited to natural chiral polymer materials and very few artificial synthetic chiral materials.

      

      
        Researchers discover new route to recyclable polymers from plants
        Researchers at Hokkaido University have taken a significant step forward in the drive to make recyclable yet stable plastics from plant materials. This is a key requirement to reduce the burden of plastic pollution in the environment. They developed a convenient and versatile method to make a variety of polymers from chemicals derived from plant cellulose; crucially, these polymers can be fully recycled. The method was published in the journal ACS Macro Letters.

      

      
        Say hello to biodegradable microplastics: Plant-based polymers that can disappear within seven months
        Microplastics are tiny, nearly indestructible fragments shed from everyday plastic products. As we learn more about microplastics, the news keeps getting worse. Already well-documented in our oceans and soil, we're now discovering them in the unlikeliest of places: our arteries, lungs and even placentas.

      

      
        An air-stable single-crystal layered oxide cathode based on multifunctional structural modulation
        Sodium-ion batteries (SIBs) are considered a promising energy storage system due to their superior safety properties, low price, and plentiful sodium supplies, while the development of electrode materials plays a critical function in the performance of SIBs.
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                PNNL's new method of monitoring corrosion offers higher resolution and better reliability. Credit: Melanie Hess-Robinson | Pacific Northwest National Laboratory
            
        

    


Researchers are using new, experimental techniques like Shear Assisted Processing and Extrusion (ShAPE) and friction stir welding to produce metal components that are lighter, stronger, and more precise than ever before. But as we enter those new frontiers of metalworking, it's crucial to understand the performance and properties of the resulting metals and the bonds between them.




										      
         
        
        
        

      

																																	
Corrosion--a process by which metals degrade--can pose serious problems over time, but until now, it's been tricky to visualize and explain exactly how corrosion progresses through a metal or a bond between two metals.

Now, researchers at Pacific Northwest National Laboratory (PNNL) have developed a new technique to get a high-resolution look at how--and why--corrosion happens. Their research was highlighted in the August 2023 and October 2023 issues of Scientific Reports and in the July 2022 issue of The Journal of Physical Chemistry.

The problem with 'cook-and-look' and other methods

"One of the main challenges when it comes to measuring corrosion is that it's mostly 'cook-and-look,'" explained Vineet Joshi, a materials scientist at PNNL. "Typically, researchers take a sample, immerse it in their chosen medium and, after a certain period of time, observe the corrosion--but only after it has occurred. Then, they generate numerous hypotheses to explain the corrosion."

This method has major disadvantages. Only measuring at a few time intervals leaves researchers to speculate about how the corrosion began and moved through the metal--and repeatedly removing and reinserting the sample can lead to skewed results.

Other methods, such as the scanning vibratory electrode technique or scanning electrochemical cell microscopy, involve dipping the sample and then using current to measure the electrochemical properties inside the samples--but surface abnormalities and other irregularities can interfere with the results.


																																						
    
     




																																			Multimodal corrosion analysis

At PNNL, the researchers working to understand results from processes like friction stir welding and ShAPE knew they needed to develop a better approach to monitoring corrosion.

"We specifically wanted to transition from cook-and-look and instead look at specific initiation sites of corrosion to observe the corrosion in real time," Joshi said. "To address this, we created a novel macroscale analysis system called multimodal corrosion analysis."

Through multimodal corrosion analysis, the researchers use sensors, cameras, electrodes, and a hydrogen collection tube to observe the progress of corrosion in simple atmospheres; understand the nature of the surfaces using electrochemical techniques; and image and collect hydrogen gases, which are a byproduct of corrosion.

"By combining data from these simple and diverse modalities in real time, we can address fundamental questions regarding how corrosion initiates and propagates in materials," explained Sridhar Niverty, a materials scientist at PNNL. "The correlative imaging aspect also informs us about where to further investigate our materials to learn about why they corrode. The synergistic combination of these techniques yields significantly more information about a material's performance than was possible until now."

Looking at things from macroscale perspective provided the team with unique insights; however, the process of corrosion happens at a much finer scale.


																																			Scanning electrochemical cell impedance microscopy

So, to analyze corrosion with even more precision, scientists at PNNL developed a new technique called scanning electrochemical cell impedance microscopy that offers much more reliable and high-resolution results.

"In this technique, we have everything needed to initiate the corrosion in a very small tube--or pulled capillary--including the electrolyte, reference, and current-collecting electrode," said Venkateshkumar Prabhakaran, a chemical engineer at PNNL.

"By landing the tiny opening of this capillary on the surface, we measure localized and time-dependent electrochemical properties without getting any interference from nearby regions. That helps us capture weak and strong spots on the surface prone to corrosion, which are otherwise lost when doing the bulk-scale measurement and formulate-suitable mitigation strategies."

This new approach builds on a prior technique called scanning electrochemical cell microscopy that emerged a few years ago. The PNNL team evolved that technique with electrochemical impedance spectroscopy to measure low-frequency impedance, which correlates to the resistance of the metal and allows for a microscopic view of how resistance changes over time.

"Adding impedance spectroscopy to the technique has been invaluable in understanding how a surface changes across metal joint (or alloy) by correlating resistances measured to the physical characteristics of the metal," said Lyndi Strange, a chemist at PNNL. "We have validated our method by comparing bulk impedance responses to responses measured via the new technique, which shows how we can now isolate specific corrosion events on the surface."


																																						
    
     




																																			Applications for friction stir and more

There are a lot of real-world benefits to this kind of granularity--particularly at PNNL, where researchers are working hard to produce and test lightweight materials and joints for vehicle applications using novel methods like ShAPE and friction stir welding.

"Due to its unique capabilities, the new technique is being employed to acquire electrochemical responses from various microstructural features: grains, grain boundaries, interfaces, second phases, precipitates, and so on," explained Rajib Kalsar, a materials scientist at PNNL. "Obtaining individual electrochemical properties at the microscopic level is beneficial for designing high corrosion-resistant structural materials."

In the friction stir scribe process, for instance, a tiny cutting device is used to join materials with drastically different melting points without the need for fasteners. But researchers needed to understand how this new method of joining affected corrosion at the interface between the two metals--in one case, a friction stir scribe bond between magnesium and steel, which is a crucial bond for producing lightweight vehicles.

"When employing the friction stir scribe technique for joints, we observed a slightly lower corrosion rate," Joshi said. "The decline in corrosion rates can be attributed to the emergence of specific high-resistance pathways at the interface during processing. These pathways led to a reduction in the corrosion rate of the magnesium."

"We're using our new technique left and right now," he added. "If you understand these interfaces for corrosion really well, you can start to design accurately, rather than overdesigning or underdesigning a component."



																																																					
																				
																						More information:
												Sridhar Niverty et al, Probing corrosion using a simple and versatile in situ multimodal corrosion measurement system, Scientific Reports (2023). DOI: 10.1038/s41598-023-42249-0

Venkateshkumar Prabhakaran et al, Investigating electrochemical corrosion at Mg alloy-steel joint interface using scanning electrochemical cell impedance microscopy (SECCIM), Scientific Reports (2023). DOI: 10.1038/s41598-023-39961-2

Venkateshkumar Prabhakaran et al, Understanding Localized Corrosion on Metal Surfaces Using Scanning Electrochemical Cell Impedance Microscopy (SECCIM), The Journal of Physical Chemistry C (2022). DOI: 10.1021/acs.jpcc.2c03807
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'Dual-ligand' strategy helps to achieve perfect asymmetric kinetic resolution polymerization
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                Left: The "dual-ligand" strategy designed Bis(Salen)Al catalysts for the AKRP of racemic phenethylglycolide. Right: The schematic diagram of asymmetric kinetic resolution polymerization. Credit: Guo Xuanhua and Xu Guangqiang
            
        

    


Studies on the synthesis and application of chiral materials has important scientific significance and market value. However, the design, synthesis and application of chiral materials are still in their infancy, and relevant research is limited to natural chiral polymer materials and very few artificial synthetic chiral materials.



										      
         
        
        
        

      

																					
In response to the key problems of synthesis, characterization, and mechanism research in the field of chiral materials, researchers from the Qingdao Institute of Bioenergy and Bioprocess Technology of the Chinese Academy of Sciences have proposed a novel concept of "asymmetric kinetic resolution polymerization" (AKRP), which provides a new method for the efficient synthesis, direct characterization of chiral polymer materials, and a new approach for studying the reaction mechanism of asymmetric polymerization.

The challenge in achieving AKRP is the design and synthesis of highly enantioselective catalysts. To solve this problem, the researchers proposed the "dual-ligand" strategy for the first time, enabling the highly enantioselective chiral (BisSalen)Al catalysts. The research is published in Journal of the American Chemical Society.

In this study, the researchers constructed a novel chiral (BisSalen)Al catalyst by introducing a second ligand into a typical (Salen)Al catalyst. The chiral (BisSalen)Al catalyst processes extremely high enantio-discrimination performance, resulting in polymer preference for the monomer with a certain configuration but no recognition for the monomer with another configuration.

The experimental results show that the chiral (BisSalen)Al complex exhibits excellent enantioselectivity during the AKRP process, with an enantiomeric excess (ee) of the unreacted monomer exceeding 99% and a kinetic resolution coefficient krel exceeding 500, making it the first perfect AKRP catalyst among racemic six-membered glycolides.

The detailed nuclear magnetic resonance analysis and density functional theory theoretical calculation proved that the "dual-ligand" design constructed a more confined asymmetric microenvironment formed by dual ligands, which further improved the enantio-discrimination performance of (BisSalen)Al catalyst, thus achieving a highly enantioselective AKRP process.

This dual-ligand strategy is expected to pave the way for the development of new enantioselective catalysts that could achieve more perfect AKRP reactions.



																														
																				
																						More information:
												Xuanhua Guo et al, Specific Discrimination Polymerization for Highly Isotactic Polyesters Synthesis, Journal of the American Chemical Society (2024). DOI: 10.1021/jacs.3c14091
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Researchers discover new route to recyclable polymers from plants
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                A transparent film made from the new recyclable polymer developed in this study. Credit: Feng Li
            
        

    


Researchers at Hokkaido University have taken a significant step forward in the drive to make recyclable yet stable plastics from plant materials. This is a key requirement to reduce the burden of plastic pollution in the environment. They developed a convenient and versatile method to make a variety of polymers from chemicals derived from plant cellulose; crucially, these polymers can be fully recycled. The method was published in the journal ACS Macro Letters.




										    
																																	Cellulose is one of the most abundant components of biomass derived from plants, being a key part of the tough cell walls surrounding all plant cells. It can be readily obtained from plant wastes, such as straw and sawdust, therefore, using it as a feedstock for polymer manufacture should not reduce the availability of agricultural land for food production.

Cellulose is a long-chain polysaccharide polymer, meaning that it is composed of multiple sugar groups, specifically glucose, linked together by chemical bonds.

To make their new polymers, the Hokkaido team used two commercially available small molecules, levoglucosenone (LGO) and dihydrolevoglucosenone (Cyrene), which are made from cellulose. They developed novel chemical processes to convert LGO and Cyrene into a variety of unnatural polysaccharide polymers. Varying the precise chemical structure of the polymers offers the ability to generate different materials for a range of possible applications.
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                From left: Toshifumi Satoh, Yuta Mizukami, Feng Li, and Takuya Isono of the research team. Credit: Feng Li
            
        

    



"Our biggest challenges were controlling the polymerization reaction that links the smaller monomer molecules together, and obtaining polysaccharides materials that are sufficiently stable for common applications while still able to be broken up and recycled by specific chemical conditions," says Assistant Professor Feng Li, a corresponding author.


																																						
    
     




																																			Li adds that the biggest surprise during the research was the high transparency of the polymer films they made, which might be crucial for the kind of specialist applications that these polymers seem most suited for. "As the materials are quite rigid it may be difficult to use them as flexible plastic materials, such as plastic bags, so I expect they will be more suited for high-performance materials for optical, electronic, and biomedical applications," Professor Toshifumi Satoh, the other corresponding author, adds.

Other research groups around the world are also exploring the potential for making plastic-replacing polymers from plants, and some such 'bioplastics' are already commercially available, but Satoh's group has added a significant new opportunity to this fast-developing field.

The team now plans to explore further possibilities, but the feasible structural variations are so numerous that they would like to join forces with specialists in computational chemistry, artificial intelligence and automated synthesis to explore the options.

"We hope this work will develop a wide variety of useful unnatural polysaccharide polymers to become part of a sustainable closed loop of synthesis from biomass with efficient recycling," Li concludes.


																																																					
																				
																						More information:
												Yuta Mizukami et al, Chemically Recyclable Unnatural (1-6)-Polysaccharides from Cellulose-Derived Levoglucosenone and Dihydrolevoglucosenone, ACS Macro Letters (2024). DOI: 10.1021/acsmacrolett.3c00720
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                Particle counts of petroleum-based (EVA) and plant-based (TPU-FC1) microplastics show that, over time, EVAs exhibit virtually no biodegradation, while the TPUs have mostly disappeared by day 200. Credit: Algenesis Corporation
            
        

    


Microplastics are tiny, nearly indestructible fragments shed from everyday plastic products. As we learn more about microplastics, the news keeps getting worse. Already well-documented in our oceans and soil, we're now discovering them in the unlikeliest of places: our arteries, lungs and even placentas.



										      
         
        
        
        

      

																																	
Microplastics can take anywhere from 100 to 1,000 years to break down and, in the meantime, our planet and bodies are becoming more polluted with these materials every day.

Finding viable alternatives to traditional petroleum-based plastics and microplastics has never been more important. New research from scientists at the University of California San Diego and materials science company Algenesis shows that their plant-based polymers biodegrade--even at the microplastic level--in under seven months.

The paper, whose authors are all UC San Diego professors, alumni or former research scientists, appears in Scientific Reports.

"We're just starting to understand the implications of microplastics. We've only scratched the surface of knowing the environmental and health impacts," stated Professor of Chemistry and Biochemistry Michael Burkart, one of the paper's authors and an Algenesis co-founder. "We're trying to find replacements for materials that already exist, and make sure these replacements will biodegrade at the end of their useful life instead of collecting in the environment. That's not easy."

"When we first created these algae-based polymers about six years ago, our intention was always that it be completely biodegradable," said another of the paper's authors, Robert Pomeroy, who is also a professor of chemistry and biochemistry and an Algenesis co-founder. "We had plenty of data to suggest that our material was disappearing in the compost, but this is the first time we've measured it at the microparticle level."


																																						
    
     




																																			Putting it to the test

To test its biodegradability, the team ground their product into fine microparticles, and used three different measurement tools to confirm that, when placed in a compost, the material was being digested by microbes.

The first tool was a respirometer. When the microbes break down compost material, they release carbon dioxide (CO2), which the respirometer measures. These results were compared to the breakdown of cellulose, which is considered the industry standard of 100% biodegradability. The plant-based polymer matched the cellulose at almost 100%.

Next the team used water flotation. Since plastics are not water soluble and they float, they can easily be scooped off the surface of water. At intervals of 90 and 200 days, almost 100% of the petroleum-based microplastics were recovered, meaning none of it had biodegraded. On the other hand, after 90 days, only 32% of the algae-based microplastics were recovered, showing that more than two thirds of it had biodegraded. After 200 days, only 3% was recovered indicating that 97% of it had disappeared.

The last measurement involved chemical analysis via gas chromatography/mass spectrometry (GCMS), which detected the presence of the monomers used to make the plastic, indicating that the polymer was being broken to its starting plant materials. Scanning-electron microscopy further showed how microorganisms colonize the biodegradable microplastics during composting.


																																			"This material is the first plastic demonstrated to 'not' create microplastics as we use it," said Stephen Mayfield, a paper co-author, School of Biological Sciences professor and co-founder of Algenesis. "This is more than just a sustainable solution for the end-of-product life cycle and our crowded landfills. This is actually plastic that is 'not' going to make us sick."

Creating an eco-friendly alternative to petroleum-based plastics is only one part of the long road to viability. The ongoing challenge is to be able to use the new material on pre-existing manufacturing equipment that was originally built for traditional plastic, and here Algenesis is making progress.

They have partnered with several companies to make products that use the plant-based polymers developed at UC San Diego, including Trelleborg for use in coated fabrics and RhinoShield for use in the production of cell phone cases.

"When we started this work, we were told it was impossible," stated Burkart. "Now we see a different reality. There's a lot of work to be done, but we want to give people hope. It is possible."



																																																					
																				
																						More information:
												Marco N. Allemann et al, Rapid biodegradation of microplastics generated from bio-based thermoplastic polyurethane, Scientific Reports (2024). DOI: 10.1038/s41598-024-56492-6
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An air-stable single-crystal layered oxide cathode based on multifunctional structural modulation

										

    
        
            [image: An air-stable single-crystal layered oxide cathode based on multifunctional structural modulation for high-energy-density sodium-ion batteries]
             
                Enhancement mechanism of multifunctional structural modulation strategy based on Ti substitution. Credit: Science China Press
            
        

    


Sodium-ion batteries (SIBs) are considered a promising energy storage system due to their superior safety properties, low price, and plentiful sodium supplies, while the development of electrode materials plays a critical function in the performance of SIBs.



										      
         
        
        
        

      

																																	
P2-Na2/3Ni1/3Mn2/3O2 is a typical layered oxide cathode material for SIBs, characterized by its unique structural features that provide rapid ion transport pathways and lower diffusion barriers for Na+ ions. Consequently, it has garnered significant attention from numerous researchers.

However, this material also faces challenges such as complex multiphase transition and irreversible anion redox processes, which limit its electrochemical performance. Therefore, there is an urgent need to develop effective strategies for modifying this material to enhance its practicality.

Now, in a recent study published in Science China Chemistry, led by Professor Yao Xiao from the College of Chemistry and Materials Engineering at Wenzhou University, a team of researchers has proposed a strategy of Ti-substituted-boosting the single crystalline growth and designed a hydrostable ~10 mm single-crystal P2-Na2/3Ni1/3Mn1/3Ti1/3O2 cathode material as the prototype.

"According to Vegard's law, the lattice parameter is changed by the constituents with similar absolute Vegard's slope of the system. Otherwise, the concentrated dopants can migrate to the surfaces and create an eutectic film that has a lower melting point than the two pure components, which is beneficial to the interface atomic diffusion and crystal growth. Therefore, it is reasonable to suspect that Ti4+ with larger Vegard's slopes could promote the crystal growth of cathodes," Xiao says.


																																						
    
     




																																			The study focused on the formation process, electrochemical behavior, structural evolution, and air stability of P2-Na2/3Ni1/3Mn1/3Ti1/3O2 through advanced characterization techniques, and explored the relationship between its structure, function, and properties.

The results showed that the substitution of Ti is beneficial to generating large-size grains, suppressing multiple phase transitions, and inhibiting irreversible anion redox through structural regulation. The obtained material not only shows a high energy density and delivers good cycle performance but also greatly improves Na+ transport kinetics and air stability.

Overall, this study may provide insights into multifunctional structural modulation for the development of high-performance sodium-based layered cathode materials for practical applications.



																																																					
																				
																						More information:
												Yi-Feng Liu et al, An air-stable single-crystal layered oxide cathode based on multifunctional structural modulation for high-energy-density sodium-ion batteries, Science China Chemistry (2024). DOI: 10.1007/s11426-023-1891-4
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        New research shows unintended harms of organic farming
        Organic farming is often touted as a more sustainable solution for food production, leveraging natural forms of pest control to promote eco-friendly cultivation.

      

      
        New rice variety adapted to suit conditions in Madagascar--improved phosphorus absorption  and increased zinc content
        A new variety of rice that is adapted to life in low-phosphorus soils, that contains an exceptionally large amount of zinc and that was developed specifically for the conditions in Madagascar where it is grown, has recently been certified in the country.

      

      
        In a first, evolutionary biologists have identified a gene that influences visual preferences in tropical butterflies
        Tropical Heliconius butterflies are well known for the bright color patterns on their wings. These striking color patterns not only scare off predators--the butterflies are poisonous and are distasteful to birds--but are also important signals during mate selection.

      

      
        Parrots love playing tablet games, and it's helping researchers understand them
        Touchscreens have long been integral to our everyday life--humans use them to work, play, talk with loved ones and snag Lightning Deals on Prime Day. In recent years, they've shown potential for the animal kingdom as well, leading to a growing body of academic research and a proliferation of consumer products promising to leverage technology to enhance our relationships with our pets.

      

      
        How do halibut migrate? Clues are in their ear bones
        Rising temperatures, changes in major currents, oxygen depletion at great depths: the Gulf of St. Lawrence has undergone major changes in its environmental conditions in recent decades. That has put many species in danger and, as a consequence, made them more sensitive to the effects of fishing.

      

      
        'Courtship' gene shows different effects in two fruit fly species
        A gene associated with courtship behavior in fruit flies does not operate the same way in two different fruit fly species, a new study finds. The work demonstrates that conserved genes--the same genes found across species--do not necessarily have the same function across species.

      

      
        Examining the evolutionary history of the formation of forceps and maternal care in earwigs
        Researchers from the University of Tsukuba examined the developmental processes and reproduction-related behavior of 8 of the 11 families of Dermaptera (earwigs) in detail and compared with those reported in previous studies. The results confirmed that Dermaptera is a polyneopteran order, and features such as caudal forceps and elaborate maternal care for eggs and young larvae emerged in parallel within the order during evolution.

      

      
        Scientists collaborate to study the cause and development of liver abscesses in cattle
        To effectively prevent liver abscesses in cattle, it is crucial to gain a complete understanding of the development of this condition and the bacteria responsible for causing the infection.

      

      
        Bridging the lexical divide: Unified approach to combat plant invasions in Australia
        In a leap toward managing the ecological challenge posed by alien plant species, a recent study outlines a methodology for integrating and harmonizing data on plant invasions across Australia.

      

      
        Chance sighting reveals new species of fluffy beetle
        A researcher from The University of Queensland has discovered a remarkable new genus of fluffy longhorn beetle while camping within a rainforest in the Gold Coast hinterland.

      

      
        10 million animals die on our roads each year--here's what works (and what doesn't) to cut the toll
        There's almost no warning. A dark shape appears on the side of the road, then you feel a jolt as something goes under the car. Or worse, the shape rears up, hits the front of your vehicle, then slams into the windscreen. You have just experienced a wildlife-vehicle collision.

      

      
        The outpouring of grief in New York over Flaco the owl's death
        There has been an outpouring of grief in New York City ever since the beloved Eurasian eagle-owl Flaco died on Feb. 23, 2024, after striking a building. In 2023, after escaping from Central Park Zoo, Flaco survived for over a year on his own, captivating New Yorkers.
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New research shows unintended harms of organic farming
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                A new study published in Science finds that expanding organic cropland can lead to increased pesticide use in surrounding non-organic fields, offsetting some environmental benefits.
            
        

    


Organic farming is often touted as a more sustainable solution for food production, leveraging natural forms of pest control to promote eco-friendly cultivation.



										      
         
        
        
        

      

																																	But a new study published in Science on Thursday finds that expanding organic cropland can lead to increased pesticide use in surrounding non-organic fields, offsetting some environmental benefits.

These harmful "spillover effects" can be mitigated if organic farms are clustered together and geographically separated from conventional farms, the researchers found.

"Despite policy pushes to increase the amount of organic agriculture, there remain key knowledge gaps regarding how organic agriculture impacts the environment," said lead author Ashley Larsen, of the University of California, Santa Barbara.

Although organic agricultural practices generally improve environmental conditions such as soil and water quality, the trade-offs aren't very well understood.

For example, organic fields could harbor more beneficial species that prey on insects, such birds, spiders and predatory beetles and fewer pests. Or, the lack of chemical pesticides and genetically modified seeds could mean they harbor more pests.

To find out, Larsen and colleagues analyzed data on some 14,000 fields in Kern County, California, across seven years.

Kern County produces high-value crops including grapes, watermelons, citrus, tomatoes, potatoes and much more, making it one of the most valuable crop producing regions in the United States.


																																						
    
     




																																			The team paired digitized maps of fields and the crops grown on them with records of pesticide applications and whether a field had an organic certification.

"Surrounding organic agriculture leads to an increase in pesticide use on conventional fields, but also leads to a larger decrease on nearby organic fields," said Larsen, with the effect manifesting primarily in insecticides, which specifically target insects.

The level of pesticides in conventional fields decreased the further away they were from organic fields.

But the situation could be completely remedied if organic fields were grouped together, the researchers found, based on a less-detailed national level analysis they also carried out.

"Spatially clustering organic fields and spatially separating organic and conventional fields could reduce the environmental footprint of both organic and conventional cropland," the team concluded.

Writing in a related commentary, Erik Lichtenberg of the University of Maryland said that the authors had shown farmers' decisions about pesticide are influenced by the presence of nearby organic fields--but it's not fully clear why.

The value of the crops, their susceptibility to pests, and farmers' personal risk tolerances likely all play roles.

"Which mobile pests are involved, where they originate in the landscape, or how and why they move across the landscape are poorly understood," said Lichtenberg, calling for more research in this area.


																																																					
																				
																						More information:
												Ashley E. Larsen et al, Spillover effects of organic agriculture on pesticide use on nearby fields, Science (2024). DOI: 10.1126/science.adf2572

Erik Lichtenberg, Collateral impacts of organic farming, Science (2024). DOI: 10.1126/science.ado4083
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                Prof. Matthias Wissuwa in a field of the new rice variety Matrivika. Credit: Gabriel Schaaf
            
        

    


A new variety of rice that is adapted to life in low-phosphorus soils, that contains an exceptionally large amount of zinc and that was developed specifically for the conditions in Madagascar where it is grown, has recently been certified in the country.



										      
         
        
        
        

      

																																	The variety was created under the leadership of plant scientist Professor Matthias Wissuwa from the Japan International Research Center for Agricultural Sciences (JIRCAS) and the PhenoRob Cluster of Excellence at the University of Bonn which he joined as a visiting professor in spring 2023, together with the Africa Rice Center and the National Centre of Applied Research for Rural Development in Madagascar (FOFIFA)

Professor Wissuwa's research focuses on developing plant varieties with improved nutrient use efficiency and stress tolerance, specifically on abiotic stress factors such as phosphorus deficiency, iron toxicity, drought and salt stress. His research team makes targeted use of genetic resources from gene banks all over the world to harness the natural genetic variation present in old traditional cultivars for its stress tolerance research and to apply its findings to modern, high-yield varieties.

One property in particular was a priority when creating the new variety, known as Mavitrika. "The variety was developed specifically to strive in low-phosphorus conditions, because Malagasy soils contain very little of it," Wissuwa explains. "However, plants need this essential nutrient for growth and development."

The aim was for the new variety to be both better at absorbing phosphorus from the soil and to use it more efficiently. "The new rice variety we have developed is ideally suited to the conditions in Madagascar. Having larger and more efficient roots allows it to take up more phosphorus and that increases yield."

Wissuwa points out that the new variety also boasts improved nutritional value, most notably thanks to a higher content of the important micronutrient zinc in the grain.

Mavitrika is the first zinc-biofortified variety to be approved in Madagascar. "Zinc deficiency is common among the Malagasy people, and rice--which is their main staple--will be able to combat this deficiency if its zinc content is increased," says Professor Gabriel Schaaf from the department of Plant Nutrition at INRES and member of the PhenoRob Cluster of Excellence who was involved in the determination of zinc in the grain.


																																						
    
     




																																			Successful test under real-life conditions

"One unique feature of the experiments including cultivation and phenotyping was that, rather than taking place on the research institutes' test sites, they were actually grown and selected directly on the farmers' fields," says Professor Wissuwa.

With the new zinc-biofortified rice variety proving successful under these real-life conditions, it has now been officially released in Madagascar--specifically at a formal ceremony held on March 21, 2024 in the presence of the prime minister Christian Louis Ntsay and ministers of Agriculture, Ratohiarijaona Rakotoarisolo Suzelin, and higher education, Razafiharison Andriamanantena.

"Matthias Wissuwa is playing a significant role in studying nutrient acquisition, notably as part of the PhenoRob Cluster of Excellence," says its Speaker Professor Heiner Kuhlmann. "Our shared vision is to transform crop production and optimize it by developing and deploying new technologies, and the licensing of this rice variety will benefit society enormously."
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                Prof. Dr. Richard Merrill: How butterflies choose mates: gene controls preferences. Credit: Carolin Bleese / LMU
            
        

    


Tropical Heliconius butterflies are well known for the bright color patterns on their wings. These striking color patterns not only scare off predators--the butterflies are poisonous and are distasteful to birds--but are also important signals during mate selection.



										      
         
        
        
        

      

																																	
A team led by evolutionary biologist Richard Merrill from LMU Munich, in cooperation with researchers from the Universidad del Rosario in Bogota (Colombia) and the Smithsonian Tropical Research Institute (Panama), has now exploited the diversity of warning patterns of various Heliconius species to investigate the genetic foundations of these preferences.

In the process, the scientists identified a gene that is directly linked to evolutionary changes in a visually guided behavior, the first time such a connection has been demonstrated in an animal, as they report in the journal Science.

For their study, the researchers carried out hundreds of behavioral experiments to investigate the mating preferences of three Heliconius species in Colombia: Heliconius melpomene and Heliconius timareta, both of which have a bright red band on their forewing, and Heliconius cydno, which has a white forewing band. They discovered that males of all three species prefer partners that look like themselves, with no differences in the preferences of the two more distantly related red species.

Using genomic analyses, the researchers demonstrated that the preference for red females is associated with a genomic region where hybridization between these two red species has resulted in sharing of genetic material.

"We managed to identify regucalcin1 as a key gene controlling visual preference, in these butterflies," says Matteo Rossi, who carried out research on the butterflies in Merrill's lab alongside fellow Ph.D. candidate Alexander Hausmann. "If regucalcin1 is silenced, it impairs courtship toward conspecific females, proving a direct link between gene and behavior," explains Rossi.


																																						
    
     




																																			Genetic exchange through hybridization

Further analyses by the scientists showed that regucalcin1 was transferred from H. melpomene to H. timareta sometime in their evolutionary past.

"We've known for quite a while that the red color pattern gene was introduced from one species to the other through hybridization, and suspected that the same might be true for the corresponding preference. To finally show it, and identify the specific gene is really exciting," says Carolina Pardo-Diaz, Dean of Biology at the Universidad del Rosario, and one of the lead authors on the paper. Thanks to regucalcin1, the attractiveness of red females and thus the reproductive success of H. timareta was increased.

"We see differences in visual preferences all around us in nature when animals choose who to mate with. With our results, we were able to establish a direct link between a particular visual preference and a specific gene for the first time, and also demonstrate that hybridization can play an important role in the evolution of these behaviors," emphasizes Merrill.



																																																					
																				
																						More information:
												Matteo Rossi et al, Adaptive introgression of a visual preference gene, Science (2024). DOI: 10.1126/science.adj9201. www.science.org/doi/10.1126/science.adj9201
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Parrots love playing tablet games, and it's helping researchers understand them

										

    
        
            [image: Parrots love playing tablet games. That's helping researchers understand them.]
             
                Northeastern University researchers showed a group of parrots and their caregivers how to play a simple tablet game, then used it to collect data. Credit: Matthew Modoono/Northeastern University
            
        

    


Touchscreens have long been integral to our everyday life--humans use them to work, play, talk with loved ones and snag Lightning Deals on Prime Day. In recent years, they've shown potential for the animal kingdom as well, leading to a growing body of academic research and a proliferation of consumer products promising to leverage technology to enhance our relationships with our pets.



										      
         
        
        
        

      

																																	
Northeastern assistant professor Rebecca Kleinberger and her collaborators have been at the forefront of that exploration, using computer interaction to enrich and understand the lives of dogs, orcas and parrots. Their latest research begs the next logical question: If animals are going to use touchscreens, how should we design for them?

In a new study released Wednesday, Kleinberger; Megan McMahon, an undergraduate studying behavioral neuroscience; and collaborators Ilyena Hirskyj-Douglas at the University of Glasgow and Jennifer Cunha in Florida used a bare-bones, Balloon Pop-style tablet game to collect data on a group of 20 pet birds' tactile interactions with their touchscreens.

In doing so, they hoped to establish a framework to build tech intentionally designed for parrot use.

"Cognitive enrichment is a crucial component for parrot health and well-being, and tablet games are one method of providing this enrichment," McMahon says. "Designing apps specifically made for birds and their unique touchscreen tendencies makes this form of enrichment more accessible."



    
    
    
        
        
    
         
             
         

        Credit: Northeastern University
  

The parrot participants ranged from small species, like a green-cheeked parakeet, to a hyacinth macaw, the world's largest. All had prior experience using touchscreens and completed the study in their homes. With the help of their caregivers, they learned to use a basic app game on Samsung Galaxy tablets. Adapted by McMahon, the game challenged the birds to tap multi-colored target circles of different sizes on varying locations around their screens with their beaks and tongues.


																																						
    
     




																																			The birds engaged in short sessions (no longer than 30 minutes) each day, playing the game over the course of three months. Seventeen completed the study; three dropped out after showing slight signs of aggression or a lack of interest during the training period. The game collected information on the birds' accuracy, tap locations and frequency, as well as tactile elements like touch pressure and drag rate.

The team's data evaluated how well existing, human-based touchscreen design principles translated to parrots. Specifically, they honed in on Fitts' Law, a formula that predicts human pointing movement toward targets.

Some of the paper's findings are intuitive enough: Parrots primarily use their tongues to work tablets, for example, which means their eyes are much closer to the screen than a human's. As a result, they are quantifiably less accurate, and they fare better hitting larger targets. There was also a lot of variability in performance based on the birds' size--smaller birds tended to have more trouble.

But the data-based assessment revealed much about the parrots themselves, as well. Kleinberger was surprised "just how fast some parrot species can control their tongue," she says. "Some parrots could touch the tablet up to 41 times in a row, resulting in a touch every few milliseconds."

That led to a real-time ergonomic adjustment: the team added a "multi-tap threshold" to the app's interface during the study, making it less frustrating for the birds to use. "This ...is a good example of how studying animals' bodies can inform the design of new interfaces to empower animals," Kleinberger says.


																																			The findings, to be presented at the CHI conference on Human Factors in Computing Systems in May, signal a next step for Kleinberger and her collaborators. Their past research has shown that parrots--with their prodigious intelligence, high sociability and singular physical capabilities--are uniquely poised to benefit from touchscreen technology.

Last year, the team showed a group of parrots how to video call one another, finding that the birds both overwhelmingly enjoyed the activity and could make the calls themselves, when given the option.



    
    
    
        
        
    
            
              

The latest research further bolsters the case that touchscreens can enrich parrots' lives. In surveys after the study was completed, human handlers said the experience was positive for their birds, and that participating in the study together was a great bonding experience. Kleinberger says that is by design. She stresses that the systems her lab is developing are meant for humans and animals to use together, and as an enhancement to their interactions rather than as a replacement.

As with humans and touchscreens, there are potential drawbacks--some familiar ("Participants in our study often emphasized the risk of their birds' overuse, likening their screen time needs to those of children," the paper reads); others uniquely avian ("When asked what risks tablet applications could pose to parrots, the most common answer was 'potential damage to the tablet.'")

In the longer term, the researchers hope the findings will serve as a starting point in adapting screen technologies for parrots and, eventually, other species. Kleinberger thinks it can bring some academic rigor to the booming "pet tech" market, "with new products promising to improve animal welfare with often very little data and research to back up the claims," she says.

"My goal is for these insights not only to benefit the pet tech industry but also to offer valuable guidance to the wider research community, technology developers, [and] pet owners," Kleinberger says.



																																																					
																				
																						More information:
												No More Angry Birds: Investigating Touchscreen Ergonomics to Improve Tablet-Based Enrichment for Parrots. hdl.handle.net/2047/D20629623
																						
																					


                               											
																					
                              																					 
												  

This story is republished courtesy of Northeastern Global News news.northeastern.edu.
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Rising temperatures, changes in major currents, oxygen depletion at great depths: the Gulf of St. Lawrence has undergone major changes in its environmental conditions in recent decades. That has put many species in danger and, as a consequence, made them more sensitive to the effects of fishing.



										      
         
        
        
        

      

																																	
However, these changes are benefiting other species such as Atlantic halibut, which is beating records for its abundance and is presently seeing the highest stock in the Gulf of St. Lawrence in the last 60 years.

As a biology researcher, I'd like to shed some light on some of the mysteries that still surround this unusual species.

Atlantic halibut: champion of the Gulf of St. Lawrence

Atlantic halibut is a flatfish that lives at the bottom of the estuary and gulf of the St. Lawrence. It is prized for its fine, firm white flesh, which is highly appreciated by consumers.

Halibut can grow to impressive sizes of more than two meters. Because of the quality of its flesh and its popularity on dinner plates, it is currently the most commercially valuable fish in the Gulf of St. Lawrence.

But this has not always been the case. In the 1950s, the adult, harvestable portion of halibut populations, known as the stock, suffered a major decline due to overfishing.

If we want to continue to exploit this resource over the long term, we must not repeat the same mistakes we made in the past. To avoid these mistakes, it is vital to have a good understanding of the life cycle of halibut and the effects that fishing can have on the stock. So far, this has not been done to the fullest.


																																						
    
     




																																			The challenges for sustainable fishing

The basic biology of Atlantic halibut is fairly well known. However, both the habitats they use throughout their lives and their movement between these places are more difficult to characterize.

Recent studies have placed satellite tags on halibut to record data on the depth and temperature of the water in which they are found, making it possible to accurately calculate their movement. By using this method, the researchers were able to identify the trajectories of adult halibut over a one-year period and discover that they reproduce in winter in the deep channels of the Gulf.

In the halibut's different annual trajectories, the researchers observed that, in summer, some remain in the deep channels while others migrate to shallower areas.

Even with this new information, a number of questions remain, specifically about the youngest life stages, which are caught only anecdotally in the Gulf. Satellite tags also provide accurate information, but only over a one-year period, which doesn't tell the whole story for a fish that can live up to 50 years.

With this in mind, the use of a new tool to study the entire life of fish becomes highly relevant.

Ear bones to the rescue

All bony fish have small calcareous structures in their inner ear called otoliths, or ear bones, which perform balance and hearing functions.

Otoliths develop at the very beginning of a fish's life and grow at the same rate as the fish. Otoliths form annual growth rings that are comparable to those visible in tree trunks.

To grow, otoliths accumulate chemical elements that are found in the environment in which the fish swim. So, when the fish moves, the chemical elements accumulated in the otoliths will be different from one place to another. Each location is characterized by a unique combination of different concentrations of chemical elements. This is known as an elemental fingerprint. Identifying these fingerprints can provide us with crucial information about the movement of fish in different places throughout their lives.

I used this method of characterizing the chemical elements in otoliths to study the migratory patterns of Atlantic halibut in the Gulf of St. Lawrence.


																																			A wide range of migratory strategies

To find out what concentrations of a chemical element correspond to the place where the fish was caught, we use the fingerprint of the otolith margin, i.e. the material at the end of the outermost ring of the otolith, which was accumulated last.

The concentrations of the elements found there are considered to be characteristic of the place where the fish was caught. By analyzing the margins of nearly 200 halibut otoliths from all over the Gulf, I was able to distinguish two basic fingerprints: one representative of surface waters (less than 100 meters deep) and one characteristic of deeper waters (more than 100 meters deep).

Once these fingerprints had been identified, I observed the concentration of chemical elements throughout the life of the fish so that I could associate each moment of life with either the surface water fingerprint or the deep-water fingerprint.

By separating the life of each individual into time spent in surface and deep waters, I was able to identify recurring patterns and group them into three different migratory strategies: residents, annual migrants and irregular migrants.

In this way, I was able to observe that halibut caught in the southern part of the Gulf were mainly annual migrants, and therefore undertake migrations between deep and shallow waters every year. However, in the northern part of the Gulf the majority are residents. Residents are fish that may have migrated early in their lives, but have settled permanently in deep waters before reaching maturity. Irregular migrants, on the other hand, show migrations on a more sporadic frequency, and are found in similar proportions throughout the study area.

On the right track to optimal management

My study is the first to offer a global view of the movements made by halibut over their entire lifetime.

This new information provides a better understanding of the structure of the stock and the diversity of migratory strategies that can be found within it.

Given that these strategies are distributed differently in different areas of the Gulf, we can ensure that we do not disproportionately target halibut using the same migratory strategy and avoid overfishing a single component of the stock.

In this way, it is possible to conserve this diversity, which helps the stock's resilience in the face of the various changes that can occur.



																																																					
																					
																					
                              																					 
												  

This article is republished from The Conversation under a Creative Commons license. Read the original article.[image: The Conversation]
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'Courtship' gene shows different effects in two fruit fly species
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                CRISPR-Cas9 gene editing produces male-specific fru gene expression, with one copy (left) and two copies (right) shown in green, in the brains of female Drosophila virilis flies. Image: Christa Baker
            
        

    


A gene associated with courtship behavior in fruit flies does not operate the same way in two different fruit fly species, a new study finds. The work demonstrates that conserved genes--the same genes found across species--do not necessarily have the same function across species.



										      
         
        
        
        

      

																																	
Fruitless (fru) is a gene common to fruit flies and many other insect species. The gene is associated with male courtship behaviors. Scientists have studied the expression and function of the gene, specifically in Drosophila melanogaster (D. melanogaster), by either removing it from males or by giving it to females and observing the results. For example, males with fru removed lose some male-specific courtship behaviors, and females given fru gain some of those behaviors.

"The fruitless gene was first found in D. melanogaster, but it is conserved across species from grasshoppers to cockroaches and mosquitoes, and earlier experiments suggested that its function was also conserved across species," says Christa Baker, a former postdoctoral researcher at Princeton and now an assistant professor of biology at North Carolina State University.

"But researchers' genetic tools have advanced. With CRISPR-Cas9, we can now add fru to females of other species to see whether the gene functions the same way." Baker is a co-corresponding author of a paper describing the work.

Baker and the research team decided to look at the function of fru in a different fruit fly species, Drosophila virilis (D. virilis).

"D. virilis is quite divergent from D. melanogaster--the species split apart around 60 million years ago," Baker says. "So comparing these two fruit flies is like comparing a mouse to a rat. They're both fruit flies like mice and rats are both rodents, but they are very different."


																																						
    
     




																																			Fruit flies have two copies of every gene, just like humans do. The researchers began by giving the D. virilis females one copy of fru and found that while they were about 40% less likely to mate, D. virilis females who did mate remained fertile. In contrast, while D. melanogaster females with one copy of fru are also about 40% less likely to mate, those who do mate can no longer lay eggs.

These findings point to a similar role for fru in some female behaviors, like mating, but a different role in other behaviors, including laying eggs.

"D. virilis is especially interesting because both males and females have mating songs," Baker says. "In most fly species, only the male sings. In D. melanogaster, giving females fru results in their adopting male courtship behavior, such as singing. But D. virilis females with one copy of fru retained the ability to sing the female's song, although they sang much more than females without fru."

The researchers then added a second copy of fru to the D. virilis females and saw that they were now able also to produce male songs; however, they retained the ability to produce female songs. Additionally, females with two copies were completely unreceptive to mating and tended to express aggression toward courting males.

"The canonical idea had been that giving females fru endows her with male behaviors while disrupting female behaviors like receptivity and egg-laying," Baker says. "Our findings in D. virilis are exciting because they show that giving fru to female D. virilis does enable her to sing male songs, but it does not prevent her from singing female songs."

"We don't know why two copies of the gene were needed in D. virilis females to produce results similar to those from one copy in D. melanogaster, but it opens up exciting new avenues for exploration," Baker adds.

"What it does tell us, though, is that just because a gene is conserved across species doesn't mean its function is also conserved. If we want to understand how our genome impacts behavior and development, we need to study genes' impacts across diverse species and behaviors."

The findings are published in the journal Science Advances.



																																																					
																				
																						More information:
												Christa A. Baker et al, The role of fruitless in specifying courtship behaviors across divergent Drosophila species, Science Advances (2024). DOI: 10.1126/sciadv.adk1273
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Examining the evolutionary history of the formation of forceps and maternal care in earwigs
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                Researchers from the University of Tsukuba examined the developmental processes and reproduction-related behavior of 8 of the 11 families of Dermaptera (earwigs) in detail and compared with those reported in previous studies. The results confirmed that Dermaptera is a polyneopteran order, and the features such as caudal forceps and elaborate maternal care for eggs and young larvae emerged in parallel within the order during evolution. Credit: Arthropod Systematics & Phylogeny (2024). DOI: 10.3897/asp.82.e96452
            
        

    


Researchers from the University of Tsukuba examined the developmental processes and reproduction-related behavior of 8 of the 11 families of Dermaptera (earwigs) in detail and compared with those reported in previous studies. The results confirmed that Dermaptera is a polyneopteran order, and features such as caudal forceps and elaborate maternal care for eggs and young larvae emerged in parallel within the order during evolution.



										      
         
        
        
        

      

																					
Dermaptera (earwigs) are an order of common insects often found under stones that are characterized by a pair of forcep-like pincers on their dark abdominal ends. Systematically, they belong to Polyneoptera, a classification that is important for understanding the evolution of the insects. However, there is no consensus among researchers on assigning them to Polyneoptera, their position within the group, or the relationships between families within this order.

Recently, large-scale molecular phylogenetic analyses have begun to elucidate these phylogenetic aspects. However, the understanding of their evolution will be extremely superficial in the absence of biological information on development and reproduction.

Therefore, researchers examined the developmental and reproductive biology of almost all Dermaptera families (8 out of 11) and compared them from various perspectives. The results corroborated the systematic membership of Dermaptera to Polyneoptera and strongly supported the phylogeny within the order, which was inferred from the latest molecular phylogenetic analyses but was significantly different from the conventional understanding.

These findings indicated that the "caudal forceps," which are a major characteristic of Dermaptera, and the "elaborate maternal care for eggs and young larvae," which are an important behavioral trait in this order, have emerged in parallel.

The study is published in the journal Arthropod Systematics & Phylogeny.

Future studies will examine more basal families as well as families whose monophyly is dubious, including more genera into the analysis, to advance the phylogenetic understanding of Dermaptera and, ultimately of Polyneoptera and Insecta.



																														
																				
																						More information:
												Shota Shimizu et al, Development and reproductive biology of Dermaptera: a comparative study of thirteen species from eight families, Arthropod Systematics & Phylogeny (2024). DOI: 10.3897/asp.82.e96452
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Scientists collaborate to study the cause and development of liver abscesses in cattle
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                Daily feed disappearance over sampling days of Holstein steers fed a low-starch control diet (CON) or an acidotic diet (AD) with or without intraruminal inoculation with a mixture of Fusobacterium necrophorum subsp. necrophorum (9.8 x 108 CFU/mL), Trueperella pyogenes (3.91 x 109 CFU/mL), and Salmonella enterica serovar Lubbock (3.07 x 108 CFU/mL; ADB) to induce LA. Credit: Journal of Animal Science (2024). DOI: 10.1093/jas/skae046
            
        

    


To effectively prevent liver abscesses in cattle, it is crucial to gain a complete understanding of the development of this condition and the bacteria responsible for causing the infection.



										      
         
        
        
        

      

																																	
A collaborative effort between scientists from the USDA's Agricultural Research Service (ARS), Texas Tech University, Kansas State University, and West Texas A&M University is focused on reliable and repeatable liver abscess models to learn the triggers for this costly condition in cattle, which not only negatively impacts the animals' well-being but also causes liver condemnations and may lead to increased carcass trimming and an overall decrease in profitability.

The first successful model study, recently published in the Journal of Animal Science, is part of a series of studies conducted at the USDA-ARS Livestock Issues Research Unit in Lubbock, Texas, that aim to find solutions to a problem of concern for animal well-being that is costing the industry millions of dollars.

Cattle with liver abscesses can experience health problems and reduced growth and feed efficiency. However, cattle with liver abscesses don't show clinical signs and are generally identified too late--at harvest. The economic losses associated with this condition in cattle can be as high as $400 million annually. The knowledge gained from these models will help develop preventive interventions.


																																						
    
     




																																			"After decades of studies, researchers haven't found an accurate way to predict nor diagnose liver abscesses, because of the complexity of the disease," said Rand Broadway, a research scientist with the Livestock Issues Research Unit. "Our study is a huge collaborative effort between USDA and academic partners to develop a liver abscess model in cattle that can help us better understand how liver abscess formation begins. We are constantly learning about the causes and development of these abscesses."

This model consistently showed a 50% prevalence, which is important for researchers to study liver abscess development and prevention strategies, particularly in calves entering the beef supply chain from dairy origin. In addition, the model continues to be improved in an effort to mimic "real-world" disease etiology while examining the physiological changes in the animal to better understand root causes of the disease.

Currently, the primary treatment to prevent liver abscesses in cattle has been in-feed antibiotics. However, antibiotics have come under more scrutiny by the general public, and alternatives to antibiotics are being sought.

"We are trying to ensure this model is effective and applicable to test non-antibiotic interventions in the future," added Broadway. "We seek to use the knowledge gained from these models to develop different alternative interventions, such as nutrition management strategies."

In the study, scientists work with dairy and "beef-dairy" cross steers, the population of cattle that most commonly suffer from this infection. They tested two diets (a high grain-based and forage-based) and three bacteria commonly found in liver abscesses (Fusobacterium necrophorum subsp. necrophorum, Trueperella pyogenes, and Salmonella enterica serovar Lubbock). The results from the high-grain diet model were found to be more reliable, leading scientists to focus more on this model.


																																			Most people associate liver abscesses in cattle with a high-energy diet. The theory is that when cattle are fed elevated grain levels, highly fermentable starch in the rumen is rapidly fermented by bacteria, causing a drop in rumen pH. This acidity causes damage to the rumen lining, allowing bacteria to travel into the blood, reaching the liver and other organs where they can cause infection. However, it is still unknown with accuracy the exact route that these bacteria take to cause infection or injury to the liver.

Scientists discovered that the bacteria associated with liver abscesses in cattle may not always originate from the rumen. An alternative route may be bacterial travel from the lower gastrointestinal tract. The research showed that in some cases, when these bacteria were not detected in the acidic rumen environment caused by a high-grain diet, no liver abscesses were detected. However, when scientists introduced bacteria directly to the rumen, they observed the formation of liver abscesses and were able to isolate the bacteria from the infected sites.

The study confirms that an acidotic diet, combined with bacterial inoculation in the rumen, can be used as a model to induce liver abscesses. However, further research is being conducted at USDA to determine the consistency of the model before it can be used to evaluate new interventions to prevent this complex infection.
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												Zach S McDaniel et al, Development of an experimental model for liver abscess induction in Holstein steers using an acidotic diet challenge and bacterial inoculation, Journal of Animal Science (2024). DOI: 10.1093/jas/skae046
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Bridging the lexical divide: Unified approach to combat plant invasions in Australia
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                Harmonized workflow to unify terminology on biological invasions across Australian data sources. Credit: NeoBiota (2024). DOI: 10.3897/neobiota.92.113013
            
        

    


In a leap toward managing the ecological challenge posed by alien plant species, a recent study outlines a methodology for integrating and harmonizing data on plant invasions across Australia.



										      
         
        
        
        

      

																																	
Dr. Irene Martin-Fores, from the Terrestrial Ecosystem Research Network and The University of Adelaide, Australia, and collaborators delved into the heart of the linguistic challenge of harmonizing different frameworks on the invasion ecology language.

Published in NeoBiota, the study used a standardized and unified database at the Australian national level, known as the Alien Flora of Australia, which will help monitoring and early-warning of alien flora, prevent species introduction, streamline decision-making, and bolster biosecurity efforts.

They focused on Australia, a federally managed country, where they identified mismatches in definitions and records of invasion status for vascular plant taxa across different jurisdictions and proposed prioritization procedures to tackle those mismatches and to integrate information from ten data sources into a harmonized workflow at the national scale.

"The importance of harmonizing terminology on biological invasions cannot be overstated. It is not merely an academic pursuit but a practical necessity, essential for realizing meaningful advancements in invasion ecology," says Dr. Irene Martin-Fores.

The authors recognize that the words used to describe alien species profoundly influence how humans perceive, study, and manage biological invasions. In federally managed countries, the problem is worse, as fragmented terminologies across different jurisdictions create confusion and inconsistencies in species classification and invasion statuses, therefore hindering effective communication among researchers, policymakers, and stakeholders.

The benefits of harmonizing terminology on invasion ecology and combining contrasting data sources into a unified dataset at the Australian national scale extend far beyond semantic clarity. It enhances the accuracy of available datasets, and subsequently, the reliability of scientific research focused on plant invasion. It also streamlines communication across jurisdictional borders and disciplines and empowers evidence-based decision-making in biosecurity management.

The workflow developed and its associated R script can be easily adapted to be used in any federally managed country, saving future efforts in trying to deal with inconsistencies in species' invasion statuses.
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												Irene Martin-Fores et al, Towards integrating and harmonising information on plant invasions across Australia, NeoBiota (2024). DOI: 10.3897/neobiota.92.113013
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Chance sighting reveals new species of fluffy beetle
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                The UQ researcher discovered the fluffy beetle on a leaf in the Gold Coast hinterland. Credit: James Tweed
            
        

    


A researcher from The University of Queensland has discovered a remarkable new genus of fluffy longhorn beetle while camping within a rainforest in the Gold Coast hinterland.



										      
         
        
        
        

      

																																	
The freshly named Excastra albopilosa was found by School of the Environment Ph.D. candidate James Tweed, who nearly mistook the beetle for bird droppings. A paper on the discovery has been published in the Australian Journal of Taxonomy.

"I was walking through the campsite at Binna Burra Lodge one morning and something on a Lomandra leaf caught my eye," Tweed said.

"To my amazement, I saw the most extraordinary and fluffiest longhorn beetle I had ever seen.

"Measuring 9.7 millimeters, it was a striking red and black beauty covered in long white hairs."

After the trip, Tweed searched through books, scientific papers and online to find a match for the species but nothing looked remotely similar.

Photos posted to an Australasian beetles Facebook group sparked plenty of interest but no answers from even the most seasoned identifiers.

An email to experts at the Australian National Insect Collection (ANIC) in Canberra confirmed the beetle was a completely new species.

It wasn't until Tweed visited ANIC to compare his discovery to their extensive collection that everyone realized it was not just a new species, but a new genus--or family of species--as well.


																																						
    
     




																																			"We chose the name Excastra for the genus, which is Latin for 'from the camp,' and for the species name, we decided on albopilosa which translates to 'white and hairy,'" Tweed said.

"We don't yet know what these hairs are for, but our primary theory is that they make the insect look like it's been killed by an insect-killing fungus.

"This would possibly deter predators such as birds from eating it, but until someone can find more specimens and study this species further, we won't be able to say for sure why this beetle is so hairy.

"The area near Lamington National Park has been popular with entomologists for more than 100 years so it's puzzling that it hasn't been found until now.

"I've been back several times to look for more of them but haven't had any luck."

Tweed said chance discoveries like these highlight how many unknown species could be out there and how many of those could be under threat from extinction.

"We're experiencing rapid declines in biodiversity globally, and it's difficult to conserve species if we don't even know they exist," Tweed said.

"Insects are the most diverse group of animals on the planet but are also the most underappreciated and understudied.

"Best estimates suggest there may be 5.5 million insect species worldwide and only one-fifth of these have been named and described."



																																																					
																				
																						More information:
												James Tweed et al, Excastra albopilosa, a remarkable new genus and species of Lamiinae (Insecta: Coleoptera: Cerambycidae) from southeastern Queensland, Australia, Australian Journal of Taxonomy (2024). DOI: 10.54102/ajt.iv1x5
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There's almost no warning. A dark shape appears on the side of the road, then you feel a jolt as something goes under the car. Or worse, the shape rears up, hits the front of your vehicle, then slams into the windscreen. You have just experienced a wildlife-vehicle collision.



										      
         
        
        
        

      

																																	
This gruesome scene plays out every night across Australia. When these collisions happen, many animals become instant roadkill. An estimated 10 million native mammals, reptiles, birds and other species are killed each year.

Others are injured and die away from the road. Some survive with terrible injuries and have to be euthanised. The lucky ones might be rescued by groups such as Wildlife Rescue, Wildlife Victoria and WIRES.

Wildlife-vehicle collisions also increase the risk to whole populations of some threatened species, such as Lumholtz's tree-kangaroo on the Atherton Tablelands in Queensland.

People are affected, too. Human deaths and injuries from these collisions are rising, with motorcyclists at greatest risk. Vehicle repairs are inconvenient and costly. Added to this is the distress for people when dealing with a dead or dying animal on the roadside.

How can we reduce the wildlife toll on our roads? Many measures have been tried and proven largely ineffective. However, other evidence-based approaches can help avoid collisions.


																																						
    
     




																																			Evidence for what works is limited

Many communities are worried about the growing impacts of wildlife-vehicle collisions and are desperate for solutions. Recent reports from Europe and North America review the many methods to reduce such collisions.

Do these findings apply to Australia's unique fauna? Unfortunately, we don't have a detailed analysis of options for our wildlife, but here's what we know now.

Well-designed fences keep wildlife off our highways but also fragment the landscape. Happily, animals will use crossing structures--overpasses and underpasses--to get to food and mates on the other side of the road. Fences and crossings do work, but are regarded as too costly over Australia's vast road network.

As for standard wildlife warning signs, drivers ignore most of them after a while, making them ineffective. Signs with graphic images and variable messages get more attention, but we need road trials to assess their effect on drivers and collision rates.


																																			Whistling in the dark

Some drivers install cheap, wind-driven, high-pitched wildlife whistles on their vehicles. Tests in the United States 20 years ago found humans and deer could not hear any whistling sound above the road noise of the test vehicle. Yet these devices are still sold in Australia as kangaroo deterrents.

The Shu-Roo, an Australian invention, is an active wildlife whistle. It is fitted to the bumper bar, producing a high-pitched electronic sound, which is claimed to scare wildlife away from the road. Sadly, our tests show the Shu-Roo signal can't be heard above road noise 50 meters away and has no effect on captive kangaroo behavior.

We also recruited fleets of trucks, buses, vans, utes and cars to field test the Shu-Roo. Nearly 100 vehicles covered more than 4 million kilometers across Australia over 15,500 days. The drivers reported just over one wildlife-vehicle collision per 100,000km traveled, but there was no difference in the rate for vehicles fitted with a Shu-Roo versus those without one.

The virtual fence is the latest attempt to reduce wildlife-vehicle collisions. It uses a line of posts spaced along the roadside, each with a unit producing loud sounds and flashing lights aimed away from the road. Vehicle headlights activate the units, which are claimed to alert animals and reduce the risk of collision.


																																						
    
     




																																			Early results from Tasmania were encouraging. A 50% drop in possum and wallaby deaths was reported, but this trial had many design flaws. Recent trials in Tasmania, New South Wales and Queensland show no effect of virtual fencing on collisions with possums, wallabies or wombats.

Our concern is that this system is being rolled out in many parts of Australia. It gives the impression of action to reduce collisions with wildlife, but without an evidence base, solid study design or adequate monitoring.


																																			A very messy problem

The problem has many dimensions. We need to consider all of them to achieve safe travel for people and animals on our roads.

At a landscape level, collision hotspots occur where wildlife frequently cross roads, which can help us predict the collision risk for species such as koalas. But the risk differs between species. For example, on Phillip Island most wallaby collisions happen on rural roads, while most involving possums and birds are in urban streets.

Traffic volume and speed are key factors for many species, including kangaroos.

Driver training and experience are also important. In the Royal National Park in New South Wales, half the drivers surveyed had struck animals, including wallabies and deer. Yet most still weren't keen to slow down or avoid driving at dawn and dusk.

Road design has a major influence on wildlife-vehicle collions too, but the planning process too often neglects wildlife studies.

Smarter cars are being developed. One day these will use AI to spot animal hazards, apply automatic emergency braking and alert other drivers of real-time risk.

To explore potential technological solutions, Transport for NSW is running a symposium at the University of Technology Sydney on May 21. The symposium will cover wildlife ecology and the evidence base for options to reduce wildlife-vehicle collisions in Australia.
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                Moments before Flaco briefly got a talon stuck in a rat-baited bal-chatri trap zoo staff had used to try to recapture the owl, February 2023. Credit: David Barrett, CC BY-SA 4.0
            
        

    


There has been an outpouring of grief in New York City ever since the beloved Eurasian eagle-owl Flaco died on Feb. 23, 2024, after striking a building. In 2023, after escaping from Central Park Zoo, Flaco survived for over a year on his own, captivating New Yorkers.




										      
         
        
        
        

      

																																	
Mourners are leaving notes and flowers at the base of an old oak tree in Central Park, reportedly a favorite roost of his. Thousands have signed a petition for a statue in his honor. Figure skaters honored him with a show called "Fly. Be Free."

This reaction to Flaco's death would be mystifying for many people around the world. I have spent a decade studying the history of ornithology in Sri Lanka, including local beliefs in the owl as a bird that foretells deaths. Meanwhile, in some societies, owls were (and are) seen as a symbol of wisdom or even a sign of good luck.

But, by far, the most widespread belief about owls is that they are associated with witchcraft and death.

In much of the world--in African societies, among African Americans in the U.S. South and the Indigenous people of the Americas, and throughout South and Southeast Asia as well as in Europe--owls are seen as harbingers of death. The Cajuns, French-speaking refugees who settled in Louisiana's bayou country after being driven out of Nova Scotia by the British, feared the screech of an owl.

The American philosopher Henry David Thoreau wrote in his book "Walden" that owls "represent the stark twilight and unsatisfied thoughts which all have." Nineteenth and early 20th century Americans were more likely to shoot an owl as an undesirable predator than leave flowers at a memorial for one. But Flaco's year of fame shows the sea change in the way Western cultures have come to regard owls since Thoreau's time.


																																						
    
     




																																			Birds of ill-omen

During the Tang dynasty, which ruled China from the seventh to the 10th century, owls were thought to bring bad luck; they were despised for supposedly eating their mothers. The Aztec god of death, Mictlantecuhtli, is accompanied by an owl. Jahangir, one of the Mughal emperors of India, sought to control the sale of owl meat in his empire because it was believed to be an ingredient for sorcery.

Such beliefs also prevailed in Europe. The Roman philosopher Pliny the Elder, who died in the eruption of Mount Vesuvius, said the owl was a "monster of the night ... [and] a direful omen." In the European Middle Ages, owls were thought to accompany witches. No wonder, then, that J.K. Rowling has Harry Potter's mail delivered by an owl.

The French call the barn owl "chouette effraie des clochers," literally, "the scary owl of the bell towers." Shakespeare made use of the idea that owls foretold death in many of his plays. For instance, Lady Macbeth says, "It was the owl that shrieked," foretelling the murder of Duncan by her husband.



    
    
    
        
        
    
         
             
         

        The sound of the ulama.
  

These beliefs lingered in England until World War II, when they began to disappear.


																																			The legend from Sri Lanka

For centuries, people living in rural areas in Sri Lanka have believed in a "devil bird," or "ulama" in the local Sinhala language, that foretold a death.

The basis of this belief was a legend that told of a man who, to punish his wife, gave her the flesh of her murdered child to cook. On discovering the truth, she fled screaming into the jungle. As the legend goes, she was turned into the ulama by the gods. In some versions of the tale, she was reborn as the devil bird.

Ever since, she is believed to haunt the jungle, her terrible cries foretelling a death in the community of whoever happens to hear them.

Such beliefs made sense to British colonizers, including planters carving out coffee estates in remote, forested areas during the 19th century. They would have heard strange, blood-curdling cries from the forests that surrounded their houses. The local villagers' explanations for these cries would have made sense to them. The British, after all, also came from a society where superstitions concerning owls--the definitive birds of the night--were a part of folk belief.

The identity of the ulama was extensively debated throughout the 19th and early 20th century by ornithologists, who attributed these night sounds to some species of owl. Colonial British ornithologists eventually determined that the ulama was a species of large owl, probably the spot-bellied eagle-owl. The identification is said to have been clinched when an eagle-owl was shot one moonlit night by a planter while it was making the ulama's cry.


																																						
    
     




																																			Celebration of owls today

The development of both scientific knowledge of birds and the popular hobby of birding has given people who live in the U.S. and Britain a decidedly different take on owls. Urbanization may also have something to do with it. Sri Lankan beliefs in the ulama, for example, are much less prevalent in urban areas than in the countryside.

In popular literature and culture in North America and Britain, owls have had their reputations rehabilitated. In A.A. Milne's "Winnie-the-Pooh," Owl is a likable bird who does his best to be intelligent and erudite. The National Audubon Society, one of the oldest bird conservation organizations in the U.S., sells cuddly owl toys that will hoot when squeezed. There's even an annual International Festival of Owls in Houston, Minnesota, where owls are celebrated.

That New Yorkers want to erect a memorial to Flaco is a remarkable instance of the ongoing rehabilitation of a group of birds that are charismatic, fascinating and quite undeserving of the bad rap they've been given over thousands of years.
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