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        Inspired by cicada wings, researchers study the insects' antimicrobial properties to develop antibacterial surfaces
        Trillions of periodical cicadas--several species of the genus Magicicada that emerge every 13 or 17 years--broke soil across the Eastern U.S. this summer. News outlets likened the event to Armageddon, an apocalypse or an invasion. But what about using words like mesmerizing? Mysterious? Magical?

      

      
        A laser-based method for measuring particle size distribution during the grinding process
        How pharmaceuticals act, how efficient catalysts are and how effective and accurate printing inks function all depend on the size of the nanoparticles they contain. However, there are as of yet no methods for monitoring the particle size distribution during grinding processes.
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                Scanning electron microscope image of a Pseudomonas aeruginosa bacterium, destroyed by nanopillars, on a cicada wing. Scale bar is 1 micrometer. Credit: Yutao Chen. Credit: Yutao Chen.
            
        

    


Trillions of periodical cicadas--several species of the genus Magicicada that emerge every 13 or 17 years--broke soil across the Eastern U.S. this summer. News outlets likened the event to Armageddon, an apocalypse or an invasion. But what about using words like mesmerizing? Mysterious? Magical?



										      
																																	The genus name Magicicada refers to the sheer magnitude of cicadas synchronously crawling up through the earth to reach sunlight. This year is a special one for the state of Illinois: both the 13-year cicadas of the Great Southern Brood XIX and the 17-year cicadas of the Great Northern Brood XIII emerged in massive numbers. This simultaneous emergence has not occurred since 1803 and will not occur again for another 221 years.

It was prime time for entomologists and researchers at the Beckman Institute for Advanced Science and Technology at the University of Illinois Urbana-Champaign.

"We use cicadas and other insects as inspiration for engineering new materials. As biologists, we also want to be able to use these materials to then go in the opposite design direction. So, the prototypes that we created, and which may result in marketable new surfaces for various industries, can also be used to help us explain fundamental biological questions about natural selection," said Marianne Alleyne, a professor of entomology and mechanical science and engineering at Illinois.

Her lab's work revolves around bioinspired design: the process of learning from nature to develop new materials and technologies.

Yutao Chen, a biologist and graduate student in Alleyne's ABC Lab, is studying the antibacterial properties of cicada wings to fabricate functional cicada-inspired surfaces.

"Cicada wings are superhydrophobic, meaning they're really waterproof, and they also have excellent antibacterial properties," Chen said.


																																						
    
     




																																			What is the secret behind these cicada wing superpowers?

To the naked eye, the translucent wings appear smooth and featureless. Operating the environmental scanning electron microscope in Beckman's Microscopy Suite, Chen magnifies a cicada wing 10,000 times. Zooming in, swirling patterns emerge, and microscopic features called nanopillars come into focus.

Each nanopillar is approximately 150 nanometers wide and 200 to 400 nanometers tall. In comparison, a human hair is about 1000 times thicker than a single nanopillar. The nanopillars are distributed uniformly across each wing but can vary in size depending on the species. They create a rough surface, giving the wings their hydrophobic, or water-repellant, and antibacterial functionalities.

When microbes land or move on the nanopillars, their outer membrane becomes damaged. Microbial contamination threatens cicadas and is a prevalent issue in human society: in shipping industries, underwater pipelines, medical implants and other devices and appliances, Chen said.



    
        
            [image: Inspired by cicada wings, researchers study the insects' antimicrobial properties to develop antibacterial surfaces]
             
                Bacteria comes into contact with nanopillars (A), which causes the nanopillars to bend and store elastic energy (B). Bacteria that attempt to move become damaged, stored elastic energy is released and the pillars return to their original position (C). Credit: Yutao Chen.
            
        

    



Efforts to deter microbes from materials are usually in the form of surface coatings which become damaged and lose efficacy over time. Antibiotics are commonly used to treat bacteria during an infection, but overuse eventually leads to microbial resistance.


																																			"It's imperative to develop durable surfaces that are mechanically antibacterial," Chen said.

The nanoscale protrusions on cicada wings are the perfect inspiration to develop these new materials.

Chen uses a flexible and versatile nanoscale replication method called nanoimprinting lithography to mimic the nanoscopic features of cicada wings. The replicates are made of polystyrene, a type of polymer material that is not inherently antibacterial. Once textured with the right sized nanopillars, the polystyrene becomes bactericidal, or able to destroy bacteria.

This replication method can be paired with pulse electroplating, a metal deposition technique, to create copper nanopillar replicates. Chen studies them for applications like air and water filtration or to develop more conductive electrodes.

Chen uses Beckman's environmental scanning electron microscope to observe Pseudomonas aeruginosa bacteria on natural and replicated nanopillars, and a confocal laser scanning microscope to evaluate how well biological and engineered nanopillar surfaces can destroy bacteria. In most cases, the nanopillars simply puncture or tear the outer membrane of the bacteria to repel or destroy it.

Chen's images show that the nanopillars bend when engaging with bacteria.

It's possible that the pillars are storing and releasing elastic energy when in contact with the bacteria, which would ultimately stretch and tear the membrane, Chen said.

Using the scanning electron microscope, it can be hard to visualize the membrane at the exact moment when it becomes punctured because fluids begin to leak from the bacteria cell and obstruct the view.


																																						
    
     




																																			To determine which bacteria have been punctured, Chen uses the confocal laser microscope and a special dye that stains the bacteria--living bacteria cells with intact membranes will stain green while nonviable cells will stain red.

The size and structure of Chen's replicated nanopillars closely match those of the natural nanopillars on cicada wings. By preserving the original dimensions and scale, Chen also preserves the functionality. The engineered nanopillars can destroy more than 95% of the bacteria within three hours.

There's still a lot of work to do, Chen said.

Future plans include experimenting with different fabrication techniques and observing more dynamic interactions between bacteria and the replicated surfaces using microfluidics techniques. The microfluidics project involves using tiny channels that will allow Chen to flow liquid mixtures of bacteria across different nanopillar surfaces.
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                After the measurement, the impeller starts moving again and exchanges the analyzed sample liquid and closes the measuring chamber to the outside again when it stops. Credit: Fraunhofer ILT, Aachen, Germany
            
        

    


How pharmaceuticals act, how efficient catalysts are and how effective and accurate printing inks function all depend on the size of the nanoparticles they contain. However, there are as of yet no methods for monitoring the particle size distribution during grinding processes.



										      
																																	In the PAT4Nano project, a consortium from industry and research has spent the last four years looking for practicable approaches for such inline measurements. The Fraunhofer Institute for Laser Technology ILT in Aachen has developed a promising laser-based method that could soon make such measurements possible.

Particles on a nanometer (nm) scale make all the difference in inkjet printing, vehicle catalytic converters and pharmaceutical production. "Their size distribution has a major influence on product properties in many applications," explains Dr. Christoph Janzen, who conducts research in the field of laser medical technology and bioanalytics at Fraunhofer ILT.

For example, the degree of particle grinding in printing inks influences the reliability, costs and color effect in digital printing. So-called oversized particles--i.e., particles that are too large--can clog the inkjet nozzles. If they are ground too finely, the energy and time required in production increase and the print quality can also suffer.

The situation is similar with nanoparticles for catalyst coatings. Both the catalytic effect and the raw material consumption of the precious metals platinum and iridium depend on the particle size distributions of the carrier materials aluminum and zirconium oxide: The optimum particle size achieves maximum catalytic efficiency with minimum precious metal input.

Particle size distribution is also important in the pharmaceutical industry because the size of the active ingredient particles determines how quickly they are dissolved in the body and how long their effect lasts. Some pain-relieving medicines have a drug-like effect when finely ground. Precision is, therefore, required in production.

"If the specified particle size distribution is not adhered to, there is a risk that the entire batch must be discarded, which means the company could incur high financial losses," explains Janzen. However, as great as the influence of nanoparticles is on the properties of many products, it is difficult to measure them using currently available measurement and microscopy methods.

This is especially true if the measurement is to be carried out inline during the grinding process. Because there are no practicable solutions for this, users have so far made do with in-process random sample measurements.


																																						
    
     




																																			Making inline measurements of nanoparticles possible

In order to close this gap, a consortium of industrial companies, manufacturers of measuring and analysis equipment and research partners has sought new approaches for inline particle measurement.

In the PAT4Nano (Process Analytical Technology Tools for Realtime Physical and Chemical Characterization of Nanosuspensions) project, they have spent four years advancing various analytical approaches to measure and analyze industrially relevant nanoparticles.

In addition to the Belgian companies Agfa-Gevaert and Janssen Pharmaceutica, the National University of Ireland in Galway and the Irish University of Limerick, Johnson Matthey and Malvern Panalytical from the UK and InProcess-LSP and TNO from the Netherlands, Fraunhofer ILT was also part of the consortium.

A team led by Janzen has developed a novel laser-based technology for particle analysis, which it has used to investigate particle size distributions of samples from applications in pharmaceutical, printing ink and catalyst production during the PAT4Nano project.

The new method is able to measure the size and size distribution of particles (particle size distribution; PSD) during the ongoing grinding process. This task is challenging for particles in the size range of less than 100 nm because microscopic image-based methods reach their limits here. The team, therefore, had to dig deep into their photonic bag of tricks when developing the laser-based inline analytics.


																																			Mathematical detours to precise inline particle measurement

"We developed our method on the basis of dynamic light scattering," explains Janzen. This measuring principle is based on Braun's molecular motion: In the liquid medium, the suspended nanoparticles are excited by collisions with molecules of the solvent and are in constant motion. The smaller the particles, the faster the movement. This is precisely where the laser measurement process comes in.

"We focus a laser on the solution and analyze the scattered light or its temporary fluctuation," Janzen explains. The particle size can be derived from the fluctuation using mathematical methods.

Two mathematical methods are commonly used: Fourier analysis leads to the actual particle size via the intensity distribution in defined frequency ranges. Alternatively, it is possible to use correlation analysis to draw conclusions about the particle sizes in the ground material based on the frequency of movement. If other parameters such as the viscosity or temperature of the liquid are included, the process can provide a very precise picture of the particle sizes and their distribution.

According to Janzen, an absolute value is not always required. It is often sufficient for users to track how the "hydrodynamic radius" of the particles changes during the grinding process. "By comparing this to a perfect run, they can easily track how their process is progressing and when the desired particle size has been reached," he reports.


																																						
    
     




																																			In addition to the mathematical approaches, the laser measurement process also involves imaginative engineering. This is because the inline measurement cannot take place in the ball mill, as the dynamic light scattering is based on the observation of undisturbed diffusion. However, it cannot be guaranteed that the particles diffuse freely in the liquid medium in a running ball mill, especially as the ground material is continuously mixed in it. Sampling by cuvette, on the other hand, does not fulfill the requirement of continuous process monitoring.

To solve the dilemma, the Fraunhofer team systematically analyzed the grinding process. This gave the researchers the brilliant idea: "In the ball mills typically used, the liquid medium is constantly pumped around," explains Janzen.

The team used the optical measuring method in this liquid cycle. To guarantee the measurements are precise despite the moving liquids, the ILT researchers constructed an inline probe. A rotating impeller moves the sample liquid in front of the optical probe. When it stops, a closed space is formed in one of its chambers, decoupled from any flow. The particles can diffuse freely here, and an undisturbed measurement can be made.

To analyze them, the team directs the laser through the probe onto the temporary measuring chamber. After the measurement, the impeller starts moving again, exchanges the analyzed sample liquid--and closes the measuring chamber against the outside again when it stops.


																																			A further step toward a stable measurement method for nanoparticles used in industry

According to Janzen, the light is introduced into the solution via an optical fiber, whereby the focus point is variable. A second optical system captures the scattered light and also guides it via fiber to the detector, which records the signals. "The advantage of this method is that the measurements are taken under the same conditions that prevail in the grinding process," he says.

One challenge that has not yet been fully resolved is that the particle concentration in the liquid is high, and it is not possible to dilute it from the outside. This increases the probability of multiple scattering, which can falsify the measurement results.

In order to extend the concentration range, the researchers experimented with a completely new approach: 3D cross-correlation. This uses a modified immersion probe, which can carry out two DLS measurements at the same location and compare fluctuating signal intensities with each other using cross-correlation. This way, the concentration range can be extended because the interfering multiple scattering can be filtered out when the signals are compared.

To ensure that both measurements capture exactly the same particles, the team has designed a special optics holder and manufactured it using selective laser etching (SLE). They aim to achieve high-precision focus superimposition by directing the light from two excitation lasers in two beam paths through one and the same aspherical lens at exactly the same particles and capturing the scattered light via two further beam paths.


																																						
    
     




																																			Through consistent miniaturization, they were able to integrate the optical system into the immersion probe. However, the approach proved to be very complex over the course of the project.

"It is not yet robust enough, but the results with the SLE-manufactured holder are promising," says Janzen. This is also because two different wavelengths (785 nm and 795 nm) were used for excitation in order to separate the scattered light signals from the two DLS experiments.

The detection quality of the cross-correlation approach still lags behind autocorrelation. To compensate for its disadvantages at high particle concentrations, the partners have positioned the focal point close to the glass pane of the probe: the lower the penetration depth of the laser into the liquid, the lower the probability of interfering multiple scattering.

Janzen concludes, "In the PAT4Nano project, we have succeeded in developing an inline measurement method by systematically testing various approaches; it enables us to conduct PSD analyses of particles around 100 nanometers in size directly in the ongoing grinding process."

The next step is now to bring the process to series production with partners from various user industries and measuring device manufacturers.
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        A swinging showerhead leads to discovery of a new mode of vibration in nature
        During the hot summer of 2020, confined to his Pasadena home during the COVID-19 pandemic, National Medal of Science-winning applied physicist Amnon Yariv took frequent and long showers to cool off. A surprising result, to go with his record-breaking water bill, was a proposal and theoretical model for a new class of vibrations that can convert a constant force, such as wind or water, to a mechanical oscillation.

      

      
        A step closer to optical computers: Researchers develop an all-optical universal gate
        A research team from Skoltech and Bergische Universitat Wuppertal in Germany has created a universal NOR logical element (from NOT--a negation operator and OR--a disjunction operator).

      

      
        Nonreciprocal interactions go nonlinear: Non-Hermitian dynamics observed in coupled nanoparticles
        Using two optically-trapped glass nanoparticles, researchers observed a novel collective Non-Hermitian and non-linear dynamic driven by non-reciprocal interactions. This contribution expands traditional optical levitation with tweezer arrays by incorporating non-conservative interactions.

      

      
        Escaping kinetic traps: How molecular interactions make it possible to overcome the energy barrier
        In a paper in Physical Review Letters scientists from the department Living Matter Physics at the Max Planck Institute for Dynamics and Self-Organization (MPI-DS) propose a mechanism on how energy barriers in complex systems can be overcome. These findings can help to engineer molecular machines and to understand the self-organization of active matter.

      

      
        Exciting the alpha particle: International team validates helium-4 transition calculations
        An important part of physics research is examining why theoretical calculations and experimental results sometimes don't match. A recent experiment in Germany studied the helium-4 nucleus, also known as an alpha particle. Helium-4 consists of only two protons and two neutrons, making it relatively easy to describe using theoretical calculations. This makes it useful for precise tests of nuclear physics.

      

      
        Save your data on printable magnetic devices? New laser technique's twist might make this reality
        The proliferation of all things digital doesn't mean that printing technology is no longer relevant. In fact, printing technology is required to make the semiconductors necessary for the digital world. And as an Osaka Metropolitan University-led team has shown using a new printing technique, printable magnetic devices for high-density data storage might soon be realized.

      

      
        Optimization algorithm successfully computes the ground state of interacting quantum matter
        Over the past decades, computer scientists have developed various computing tools that could help to solve challenges in quantum physics. These include large-scale deep neural networks that can be trained to predict the ground states of quantum systems. This method is now referred to as neural quantum states (NQSs).
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During the hot summer of 2020, confined to his Pasadena home during the COVID-19 pandemic, National Medal of Science-winning applied physicist Amnon Yariv took frequent and long showers to cool off. A surprising result, to go with his record-breaking water bill, was a proposal and theoretical model for a new class of vibrations that can convert a constant force, such as wind or water, to a mechanical oscillation.



										      
																																	It wasn't exactly a eureka moment. The thought did not come all at once in the bathtub, a la Archimedes. But it was in the shower that Yariv first noticed something unusual about the way the water-spraying showerhead behaved when left dangling by its hose. To Yariv--a scientist who has been studying waves and their properties for most of his 70-plus-year career--that showerhead was more than just a fixture on a flexible tether spraying water at the wall. It was part of an oscillating system.

Oscillations are the rhythmic, or periodic, variations in the world around us. The ebbing and flowing of the sea is an oscillation. The vibrations of a plucked guitar string are oscillations. Even light is an oscillation, according to quantum theory.

Yariv observed that as he increased the water flow in the shower, the system began to behave unexpectedly. In fact, he saw a bimodal, joint oscillation--two different oscillations synchronized with each other. While the shower head was swinging back and forth like a pendulum, it was also twisting in sync in one direction and then the other. It was clear that those two oscillatory modes were driving each other since a damping of one would immediately cause the other mode to cease oscillating.

What's more, Yariv saw that the joint oscillation was predictably unstable. Once a certain threshold of water pressure was reached, the oscillation kept increasing in amplitude even when the water flow remained constant.


																																						
    
     




																																			"This bimodal oscillation is like an Argentinian tango, where each dancer has to remain completely in sync with the other or else they stumble on each other," says Yariv, the Martin and Eileen Summerfield Professor of Applied Physics and Electrical Engineering. "The idea that a steady force can be used to excite this kind of entangled bimodal oscillation has never been proposed nor demonstrated."

Yariv spent the next few years working out the mathematical model explaining what he had observed during those hot summer months. The mathematics underlying Yariv's two-mode model, which he nicknamed "Yariv's groove," constitutes a sweeping extension to two modes of a model of a single mode oscillation proposed by the physicists Michael Faraday and Lord Rayleigh a century and a half ago.

Yariv's new paradigm could have implications in fields ranging from civil engineering to quantum electronics. For example, one possibility lies in harnessing the essentially limitless energy of wind. However, Yariv cautions that since the bimodal oscillations described in the new work become increasingly intense once the driving force (wind, here) reaches a threshold, a way to control that instability would be required.

That instability also points to factors that should be considered when constructing structures such as buildings and bridges, to prevent this type of oscillation from getting out of hand and damaging or completely destroying them.


    
    
    
        
        
    
         
             
         

        A hanging showerhead begins a joint entangled single-frequency oscillation of two modes: (1) a pendulum-like mode where the showerhead is swinging back and forth and (2) a torsional mode in which the shower head twists clockwise and then counterclockwise. In a theoretical model that predicts and describes the observations, the two oscillatory modes drive each other--one directly, the other parametrically. The model predicts that the new oscillation will become unstable above a threshold where the oscillation amplitude keeps increasing even though the water flow rate remains steady. This can be seen at the end of the video clip. Credit: California Institute of Technology
  



																																			Oscillations, an introduction

To understand the new paradigm that Yariv suggests, it is helpful to first consider a classic example of an oscillation mode, say a child on a swing. Described in physics terminology, the child and the swing are a system. If the child is young, another person is required to push them periodically, usually once per swing or once every few swings. Otherwise, the child will eventually stop swinging due to friction.

"It turns out that almost all oscillations in nature have a periodic force driving them," says Yariv.

As the child gets older, they might learn to keep the motion going without the pushing parent. They do that by pumping their legs forward and backward, or if standing, by pulling their weight up and down on the swing's chains. In both cases, the child is effectively modulating, or varying periodically, a parameter of the system (the moment of inertia in the first case and the weight of the child as experienced by the swing seat in the second). The modulation rate in both cases is twice that of the swinging frequency.

Such "parametric" pumping of oscillations was observed by Michael Faraday and explained mathematically some 50 years later, in 1883, by Lord Rayleigh.

"That work by Lord Rayleigh laid the foundation for parametric physics, which, in the field of nonlinear optics, has become one of the most exciting branches of modern physics and a major activity in the departments of applied physics and physics at Caltech over the last 50 years," says Yariv.


																																						
    
     




																																			Back to the shower

Yariv conjectured that such parametric oscillation was behind the bimodal oscillation he observed in the dangling showerhead's behavior. But here, rather than an external agent modulating a parameter--the mass, the gravitational constant, or the moment of inertia--at twice the resonance frequency, Yariv saw that it was the entangled collaboration of two oscillation modes due to a system nonlinearity that was powering the oscillation by a constant unchanging force.

"What we have here is a cycle of excitation," says Yariv.

Once the showerhead begins its twisting, or torsional oscillation, the steady force of water pushing back perpendicularly to the face of the showerhead generates the periodic force that drives the pendulum excursion conventionally, once per cycle. That pendulum motion in turn modulates nonlinearly the torsional spring constant--here, the parameter, twice per cycle--thus generating internally what is called the second harmonic, needed per Lord Rayleigh, to drive the torsional oscillation, completing the cycle.

"My study only follows the system through the onset of the bimodal oscillation and into the early stage of the unstable oscillation, and stops before the heavy showerhead craters the wall," says Yariv. "But the new entangled bimodal oscillation is unstable. It doesn't reach a steady state. It keeps getting larger."


																																			Implications far beyond the shower

The oscillation Yariv first took note of in the shower serves as a model system for a whole class of oscillations, and his mathematical analysis should apply to all members of that class, he says. Yariv points to other examples that very likely belong to the class. A stop sign fluttering on a windy day is one example. A more infamous example, he says, is very likely that of the 1940 collapse of a suspension bridge that spanned the Tacoma Narrows in Washington.

The bridge, nicknamed Galloping Gertie for the way it bucked and swayed in the wind, eventually collapsed during a windstorm in 1940. Videos of the bridge collapse show the roadbed undergoing vertical as well as transverse oscillations leading to the breakup. Some of the key features of the showerhead oscillation exist in both cases: bimodality, steady force threshold, and instability.

"The abundant occurrence of steady forces in nature will provide rich areas of investigation to identify bimodal oscillations which can be excited by these forces," says Yariv.

He notes that the mechanical motion generated by such bimodal oscillation could also be converted to rotary motion and, thus, to electric power generation. The finding could also have applications in optics, electronics, and cosmology, where Yariv says the bimodal oscillations could be related to the pre-merger dance between colliding black holes.

The paper describing Yariv's theory, "On a class of bimodal oscillations powered by a steady, zero-frequency force--Implications to energy conversion and structural stability," appeared in the September 11, 2023, issue of the journal Proceedings of the National Academy of Sciences. A commentary on the work by Demetrios Christodoulides of USC, appeared in the October 4, 2023, issue of the same journal.


																																																					
																				
																						More information:
												Amnon Zalman Yariv, On a class of bimodal oscillations powered by a steady, zero-frequency force--Implications to energy conversion and structural stability, Proceedings of the National Academy of Sciences (2023). DOI: 10.1073/pnas.2311412120

Demetrios Christodoulides, Dances of dual dynamics enable parametric oscillations under a steady force, Proceedings of the National Academy of Sciences (2023). DOI: 10.1073/pnas.2314442120
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A step closer to optical computers: Researchers develop an all-optical universal gate

										

    
        
            [image: A step closer to optical computers: Skoltech researchers developed an all-optical universal gate]
             
                Non-ground-state polariton amplification. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-49690-3
            
        

    


A research team from Skoltech and Bergische Universitat Wuppertal in Germany has created a universal NOR logical element (from NOT--a negation operator and OR--a disjunction operator).



										      
																																	It is based on polariton condensates, operates at room temperature, has multiple inputs, can work hundreds of times faster than electronic analogs, and is also completely optical--that is, it works without electric current. Importantly, such logic elements can be reproduced and connected on a circuit, that is, cascaded. The research results are presented in the journal Nature Communications.

According to the team, the new NOR gate can be used to create any types of logic elements necessary for optical chips to perform calculations without the participation of electric current. The results of this study bring scientists closer to the long-held dream of creating optical computers that can work hundreds of times faster than traditional computers based on electronic technologies.

"Our experiments have developed another piece of the missing puzzle towards fully optical computers by implementing a cascaded optical universal logic gate in practice for the first time. In fact, modern computers are limited in the frequency of electronic processor operation to several GHz," said Denis Sannikov, the first author of the work, the deputy head of the Hybrid Photonics Laboratory at the Skoltech Photonics.


																																						
    
     




																																			"Since the 80s, to increase the speed of calculations, manufacturers have constantly increased the clock frequency of the processor, but then faced a fundamental physical limitation--if you raise the processor frequency above several GHz, then the processor simply turns into an electric heater.

"In 2019, our laboratory developed the world's first ultrafast optical polariton transistor, which operates at room temperature and serves as the main building block of optical polariton logic circuits. Why is optics better? Most importantly, it is not limited to a few GHz clock frequency. We can work with polariton transistors with a frequency of up to 1 THz, which is about 300 times faster than electronic analogs.

"In our another work, we previously showed that one photon is enough to control an optical polariton transistor, which cannot be implemented in any other optical system."

Logic gates perform various logical operations in the device--conjunction, disjunction, negation, etc. The computer processor consists of billions of transistors combined into these logic elements, which, when some input signal is applied, perform internal calculations and eventually, for example, displays an image on the screen. The logic gate receives a signal with logical levels of "0" or "1" at each of its inputs, and returns a signal of "0" or "1" following the predefined rules.


																																			Usually electronic gates have 2-8 inputs and 1-2 outputs, but in the experiments of the Skoltech Hybrid Photonics Laboratory, the new optical universal gate successfully coped with 12 inputs--this is another competitive advantage.

"To create a universal gate, we used the special properties of 'liquid light'--that is what polariton condensates are called, capable of amplifying weak optical signals tens of thousands of times. To create such a 'liquid light,' first we need to condense the polaritons into the ground state. If we draw a parallel, it resembles water vapor in the air, that turns into the water droplets on a cold window.

"We went further and learned how to condense polaritons not only into the ground state, but also into a non-ground state at higher energy. This effect has allowed for solving the long-standing problem of all-optical, logical elements which consists in disabling the optical signal with the help of light, switching a logical unit to zero," Sannikov added.

"Photons, unlike electrons, do not interact with each other in some way, and therefore the creation of such an optical logic converter has long remained a physical and technological challenge. We achieved this task by using the unique properties of 'liquid light,' combining the properties of both photons and electrons and enabling the creation of an all-optical polariton universal gate."


																																																					
																				
																						More information:
												Denis A. Sannikov et al, Room temperature, cascadable, all-optical polariton universal gates, Nature Communications (2024). DOI: 10.1038/s41467-024-49690-3
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                Scientific illustration of the experiment where two particles in two laser beams are coupled nonreciprocally through light scattered between them. This interaction makes them move along specific orbits such that the particles follow each other (the yellow circles are the experimental records of the motion of each particle). Credit: Nature Physics. DOI: 10.1038/s41567-024-02589-8
            
        

    


Using two optically-trapped glass nanoparticles, researchers observed a novel collective Non-Hermitian and non-linear dynamic driven by non-reciprocal interactions. This contribution expands traditional optical levitation with tweezer arrays by incorporating non-conservative interactions.



										      
																																	Their findings, supported by an analytical model developed by collaborators from Ulm University and the University of Duisburg-Essen, were published in Nature Physics.

Fundamental forces like gravity and electromagnetism are reciprocal, meaning two objects either attract or repel each other. However, for some more complex interactions arising in nature, this symmetry is broken and some form of non-reciprocity exists. For example, the interaction between a predator and a prey is inherently non-reciprocal as the predator wants to catch (is attracted to) the prey and the latter wants to escape (is repelled).

Non-Hermitian dynamics describe similar non-reciprocal systems in quantum mechanics by incorporating dissipation, gain, and non-conservative interactions. These dynamics are observed in photonic, atomic, electrical, and optomechanical platforms and hold potential for sensing applications and exploring open quantum systems.

Now, a University of Vienna team has taken the first concrete steps in this direction by observing non-linear and Non-Hermitian dynamics with non-reciprocally coupled nanoparticles.


																																						
    
     




																																			Tabletop and glass

Led by Uros Delic of the Vienna Center for Quantum Science and Technology (VCQ), the researchers developed a tabletop experiment where two glass nanoparticles oscillate in distinct optical tweezers, interacting as if one were a predator and the other a prey.

Optical tweezers, a technique pioneered by 2018 Nobel Laureate Arthur Ashkin, isolate particle motion from the environment and make the system highly tunable. Previous experiments showed that closely spaced particles scatter the tweezer light toward each other, leading to interferences creating optical forces, which can be non-reciprocal.

In this study, the researchers tuned the laser beam phases and the distance between the particles in order to control the interactions. "What I like most about this is that we control the physical model with a computer, as simple as programming a computer game," says Manuel Reisenbauer, the Ph.D. researcher in the team.

As a result, they produced constructive interference around one particle and destructive interference around the other. This created a positive feedback loop resembling a chase-runaway dynamic. "A small displacement of one particle forces the other into motion, which in turn exerts an even stronger force," explains Delic, senior author of the paper.

The team described the particles' motion in their respective tweezers without interaction as analogous to a swing. When anti-reciprocal interactions were applied, the "swings" began to follow each other, breaking parity-time reversal symmetry. The simplest way to see it is simply to play the "film" backward: using the predator-prey analogy, the particles appear to reverse roles.


																																			Amplified amplitude

The positive feedback loop from anti-reciprocal interaction also amplified the swing amplitudes of both particles. When the interaction became stronger than the friction, the particles swung continuously, maintaining a constant oscillation amplitude, demonstrating non-linear dynamics.

"This system is special because it features non-reciprocal and non-linear forces, similar to many natural examples," says Benjamin Stickler from Ulm University, the lead theorist on the work.

"The dynamics resulted in a limit cycle phase, where particle motions resemble swings rotating fully around the top beam while still following each other." The limit cycle solution is a general concept found in many disciplines, including laser physics, drawing analogies between nanomechanical motion and laser dynamics.

"We were impressed by the good agreement between the theoretical model and experimental data," says Delic. "This suggests our system is ideal for observing even richer collective non-reciprocal dynamics when trapping larger ensembles of beads."

The authors believe non-reciprocal forces will have numerous applications in force and torque sensing. Additionally, combining these results with methods for bringing trapped bead motion to the quantum regime could open new research into non-reciprocally interacting quantum few-body systems.


																																																					
																				
																						More information:
												Manuel Reisenbauer et al, Non-Hermitian dynamics and non-reciprocity of optically coupled nanoparticles, Nature Physics (2024). DOI: 10.1038/s41567-024-02589-8
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Escaping kinetic traps: How molecular interactions make it possible to overcome the energy barrier

										

    
        
            [image: Escaping from traps - How molecular interactions make it possible to overcome the energy barrier]
             
                Non-reciprocal interactions can push systems out of trapped configurations to-wards a desired arrangement. Credit: MPI-DS, LMP
            
        

    


In a paper in Physical Review Letters scientists from the department Living Matter Physics at the Max Planck Institute for Dynamics and Self-Organization (MPI-DS) propose a mechanism on how energy barriers in complex systems can be overcome. These findings can help to engineer molecular machines and to understand the self-organization of active matter.



										      
																					In both physics and biology, systems aim to achieve a state of minimum energy: when a ball rolls down a ramp and over an uneven sandy surface, it eventually comes to a stop in a hollow. Without adding more energy from the outside, it will not start moving again, even if there is a slope or deeper hollow close by to lower the energy level even further.

In biology, this phenomenon is also known from protein folding. Especially in complex systems, proteins might fall into a local energy minimum before completing their assembly. This hampers their function and causes them to be trapped in a static equilibrium state from which they cannot escape.

Researchers from MPI-DS have now investigated how non-reciprocal interactions can help to overcome such states. These interactions commonly occur between molecular structures and resemble predator-prey behavior.

One molecule can be attracted by another one, whereas in turn the other one is repelled by the first. This leads to a dynamic interaction which can cause the formation of structures and patterns, as reported before.

"We found that non-reciprocal interactions in active matter can help to overcome energy barriers in these systems," reports Jakob Metson, who is a joint first author of the study, together with Saeed Osat.

In their paper, the scientists propose a generic mechanism using non-reciprocal dynamic interactions to counteract a static equilibrium trap. Their insights can also help to engineer more efficient molecular systems.

"At a conceptual level, our proposed mechanism can achieve what biological enzymes can do, after having been optimized over 3.5 billion years of evolution," says Ramin Golestanian, director of the department Living Matter Physics at MPI-DS.


																														
																				
																						More information:
												Saeed Osat et al, Escaping Kinetic Traps Using Nonreciprocal Interactions, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.028301
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Exciting the alpha particle: International team validates helium-4 transition calculations
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                A photon is absorbed by the ground state of helium-4. This excites the transition to the first excited state of helium-4, which sits just above the energy threshold for separation into a proton and a hydrogen-3 nucleus. Credit: Dean Lee Calculated monopole form factor of the 0+2-0+1 transition in 4He compared to the recent data from Mainz . Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.132.062501
            
        

    


An important part of physics research is examining why theoretical calculations and experimental results sometimes don't match. A recent experiment in Germany studied the helium-4 nucleus, also known as an alpha particle. Helium-4 consists of only two protons and two neutrons, making it relatively easy to describe using theoretical calculations. This makes it useful for precise tests of nuclear physics.



										      
																					The experiment used the scattering of electrons to examine how helium-4 transitions from its basic energy state to its first excited state. The experiment found evidence of a disagreement between theory and experiment and sparked concern about the accuracy of current theoretical calculations.

Now, an international team has performed new calculations of the observed transition. Their results agree well with the new experimental results. The study is published in the journal Physical Review Letters.

The first excited state of the helium-4 nucleus has an energy just above the threshold for the nucleus to separate into a proton and a hydrogen-3 nucleus. The properties of this state depend sensitively on the small gap between its energy and the threshold for separation.

The new calculations accurately reproduce this energy difference, and this may explain why they also reproduce the new experimental data from Germany. The findings will help physicists make accurate theoretical predictions of nuclear structure in the future.

Researchers from University of Bonn (Germany), Forschungszentrum Julich (Germany), Gaziantep Islam Science and Technology University (Turkey), and the Facility for Rare Isotope Beams at Michigan State University performed ab initio lattice calculations using an interaction that reproduces the overall properties of light and medium-mass nuclei.

The calculations of the transition from the 4He ground state to its first excited state are in good agreement with recent experimental results from Mainz.

A key feature of the new lattice calculations is that they accurately reproduce the difference between the excited state energy and the energy threshold for separation into a proton and a helium-3 nucleus.

Other recent theoretical work has explored the importance of accurately reproducing this energy difference. The new results give confidence that the nuclear force is well understood, but researchers must carefully consider sensitivities to nearby energy thresholds in future theoretical calculations.


																														
																				
																						More information:
												Ulf-G. Meissner et al, Ab Initio Calculation of the Alpha-Particle Monopole Transition Form Factor, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.132.062501
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Save your data on printable magnetic devices? New laser technique's twist might make this reality
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                A laser beam converted to an optical vortex can perform laser-induced forward transfer (LIFT) of ferrite nanoparticles resulting in twisted single crystals corresponding to the rotation of the vortex. Credit: Osaka Metropolitan University
            
        

    


The proliferation of all things digital doesn't mean that printing technology is no longer relevant. In fact, printing technology is required to make the semiconductors necessary for the digital world. And as an Osaka Metropolitan University-led team has shown using a new printing technique, printable magnetic devices for high-density data storage might soon be realized.



										    
																					Dr. Ken-ichi Yuyama, a lecturer at the Graduate School of Science, and his colleagues report in APL Materials on the development of a new type of laser-induced forward transfer (LIFT) for laser printing using an optical vortex, which has been dubbed OV-LIFT.

The team shined a laser beam on a spatial light modulator and through a quarter-wave plate to convert the beam into a circularly polarized optical vortex. This beam was then focused onto a plate with magnetic ferrite nanoparticles that were shown to successfully be printed on a surface at high precision.

The resulting printed crystals also have helix-like twisted structures, the direction of which could be controlled by changing the optical vortex's helicity to the opposite rotation.

"The results of this research have the potential to be used not only for fine particle patterning but also for single crystal synthesis, which can be expected to lead to the development of new materials," said Dr. Yuyama.

"We plan to apply this technology to various types of fine particles, as well as to shine a light on the formation mechanism and function of twisted crystals."


																														
																				
																						More information:
												Akihiko Kaneko et al, Using optical vortex laser induced forward transfer to fabricate a twisted ferrite microcrystal array, APL Materials (2024). DOI: 10.1063/5.0209114
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Optimization algorithm successfully computes the ground state of interacting quantum matter

										 by Ingrid Fadelli										 										 , Phys.org
										 									

									
										

    
        
            [image: An optimization algorithm to compute the ground state of interacting quantum matter]
             
                Image illustrating how the quantum state is controlled by the parameters in the neural network. By tuning the parameters, one can optimize the NQS to approach the target quantum state. Credit: Chen & Heyl.
            
        

    


Over the past decades, computer scientists have developed various computing tools that could help to solve challenges in quantum physics. These include large-scale deep neural networks that can be trained to predict the ground states of quantum systems. This method is now referred to as neural quantum states (NQSs).



										      
																																	These computational tools essentially encode the fundamental object of a quantum system--its wavefunction--into artificial neural networks. Despite their promise, the performance of these algorithms has been limited by a lack of powerful optimization algorithms that are well-suited to train them on quantum many-body problems.

Researchers at the University of Augsburg recently introduced a new stochastic-reconfiguration optimization algorithm that can be used to train deep neural quantum networks of unprecedented size with up to 106 parameters. This algorithm, presented in a paper published in Nature Physics, was successfully used to accurately compute the ground state of a quantum spin liquid (QSL) obtained by an NQS.

"Our paper focuses on the NQS method initially proposed in 2017," Ao Chen, co-author of the paper, told Phys.org. "The community of computational quantum physics was initially excited about the idea of representing quantum states with neural networks and hoped NQS could produce novel insights into quantum many-body problems. However, people gradually realized the difficulty of making NQS better than existing methods."

The key advantage of NQSs over conventional computing approaches is their large number of artificial neuron connections. To enhance the performance of these techniques, therefore, researchers often try to further increase their size.


																																						
    
     




																																			Past studies suggested that making NQS techniques bigger and deeper could allow them to outperform conventional approaches for conducting physics research, potentially leading to new important discoveries or insights. The recent study by Chen and his colleagues is rooted in this idea, thus the team utilized a deeper and larger NQS.

"A major bottleneck for utilizing large-scale NQS is the computational complexity in the training," Chen explained. "As one increases the number of parameters Np in the network, the computational cost scales as Np3, which is unaffordable for large networks.

"In this work, we simplify this training complexity through a surprisingly simple linear algebra identity without loss of accuracy and reduce the computational cost to proportional to Np."

The simplified training formula devised by the researchers allowed them to train an NQS with more than 1 million parameters, approximately 100 times more than those that previous approaches were trained on. The resulting NQS was found to attain remarkable results, allowing Chen and his colleagues to accurately compute a quantum spin liquid (QSL) ground state.

"In the square J1-J2 Heisenberg model, there have been many papers stating the existence of a QSL phase," Chen said. "Due to the difficulty of expressing QSL states, this system has also been viewed as the testing ground for numerical methods, where pure NQS methods didn't approach the accuracy of other methods. In this work, we show that deep NQS can greatly outperform all other methods and obtain accurate QSL states."

The recent study by Chen and his colleagues could greatly contribute to the study of interacting quantum many-body systems. Specifically, their findings highlight the promise of NQS techniques for accurately predicting the properties of these systems while also introducing an optimization algorithm that enhances NQS training.

"In the future, we want to extend our research in many different directions," Chen added. "As NQS has proved to be powerful in QSL systems, we plan to use it to study many systems that possibly reveal the features of QSL, and compare our numerical results to experiments. We also hope to apply our approach to fermionic systems and gain a deeper understanding of the behavior of electrons in condensed matter systems."


																																																					
																				
																						More information:
												Ao Chen et al, Empowering deep neural quantum states through efficient optimization, Nature Physics (2024). DOI: 10.1038/s41567-024-02566-1
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        'Self-healing' glass: Study shows microscopic defects are reversed when exposed to gamma radiation
        Self-healing glass may sound like a science fiction concept, but new research from the University of Central Florida demonstrates it's much closer to reality.

      

      
        Photocatalyst research uncovers better way to produce green hydrogen
        Researchers at Oregon State University have developed a material that shows a remarkable ability to convert sunlight and water into clean energy.

      

      
        Investigating arc erosion performance of Ag-Ta2AlC, a new electrical contact material
        Relays are extensively utilized in accelerators, satellites, rockets, and various advanced technology sectors. They play crucial roles in signal transmission, long-distance control implementation, and protection circuits, directly impacting the safety of aerospace and defense equipment systems. The selection of electrical contact material in a relay is crucial for its performance.

      

      
        A brittle interface with low modulus to improve the mechanical properties of multiphase ceramics
        Barium strontium aluminum silicate (BaxSr1[?]xAl2Si2O8, BSAS) ceramics possess both phase stability and resistance to water vapor corrosion, making them ideal materials for radome technology and electronic packaging. To address the low tolerance of BSAS ceramics to damage and defects, the introduction of nano-reinforcements is an effective approach to enhance their strength and toughness.

      

      
        Scientists investigate in-situ growth of crown ether@UiO-66 membranes under mild conditions
        Research groups led by Prof. Xu Tongwen and Prof. Li Xingya from the University of Science and Technology of China (USTC) have proposed the concept of total dehydration of ions, and prepared metal-organic framework (MOF) confined crown ether membranes, which solved the problem of precise separation of ions in complex systems. The research results were published in Science Advances.

      

      
        A 'volcano-type' relationship: Research reveals novel correlation between metal loading and acidic oxygen evolution
        In a study published in ACS Catalysis, a research team led by Prof. Yan Wensheng from the University of Science and Technology of China (USTC) has revealed the "volcano-type" relationship between metal loading and acidic oxygen evolution reaction (OER) activity in single-atom catalysts.

      

      
        Researchers propose doping strategy for efficient urea electrosynthesis
        A research team led by Prof. Yan Wensheng from the University of Science and Technology of China (USTC) has proposed a doping engineering strategy that breaks the scaling relationship of intermediate binding and minimizes the kinetic barrier of C-N coupling while realizing both high activity and high selectivity in urea electrosynthesis. The study is published in Angewandte Chemie International Edition.

      

      
        The origin of stoichiometric effects in nickel-tungsten alloy catalysts
        A research group led by Professor Gao Minrui from the University of Science and Technology of China (USTC) reports that nickel-tungsten (Ni-W) ratio in Ni-W alloys governs the performance of hydrogen oxidation reaction (HOR). Additionally, researchers tuned the unpaired electrons in Ni to adjust the potential of zero charge (PZC) and hydroxyl adsorption (OHad) capacity of the alloy in alkaline HODs. The results have been published in Angewandte Chemie International Edition.

      

      
        Unraveling how potassium bound to soil minerals is made bioavailable for uptake by plants
        A combination of X-ray absorption spectroscopy and computational methods has revealed the unique bonding environment of potassium associated with organic acids.

      

      
        Finding solutions to problem of clumping in potash-based products
        When powdered products like sugar, salt, or instant coffee are exposed to moisture, they form clumps and become much harder to use. The same thing happens to potash-based fertilizers and other potash products, where clumping can lead to industrial and agricultural waste. That's why Saskatchewan researchers are taking a closer look at studying why clumps form in powdered products and what can be done to avoid this.

      

      
        Research team overcomes heteroatom constraints via cobalt catalysis
        Professor Fu Yao and Associate Professor Lu Xi from the University of Science and Technology of China (USTC) have conducted a cobalt-hydride-catalyzed enantioselective hydroalkylation, enabling the efficient construction of chiral tertiary carbon centers at the benzyl position. The study has been published in Nature Synthesis.

      

      
        Researchers discover faster, more energy-efficient way to manufacture industrially important propylene
        Polypropylene is a common type of plastic found in many essential products used today, such as food containers and medical devices. Because polypropylene is so popular, demand is surging for a chemical used to make it. That chemical, propylene, can be produced from propane. Propane is a natural gas commonly used in barbeque grills.

      

      
        Chemists reveal how Rembrandt combined special pigments for golden details of 'The Night Watch'
        Chemists at the Rijksmuseum and the University of Amsterdam (UvA) have for the first time established how Rembrandt applied special arsenic sulfide pigments to create a "golden" paint.
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'Self-healing' glass: Study shows microscopic defects are reversed when exposed to gamma radiation
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                Some of the components of the chalcogenide glass stored in airtight vials where they are later processed at UCF's Glass Processing and Characterization Laboratory. Credit: Antoine Hart
            
        

    


Self-healing glass may sound like a science fiction concept, but new research from the University of Central Florida demonstrates it's much closer to reality.



										      
																																	In a new study published in the journal Materials Research Society Bulletin, UCF College of Optics and Photonics (CREOL) Pegasus Professor Kathleen Richardson and colleagues from Clemson University and the Massachusetts Institute of Technology studied the incredible self-healing capabilities of a specialized chalcogenide glass after it was exposed to gamma radiation.

Chalcogenide glasses are comprised of chalcogen elements--sulfur, selenium, and tellurium--alloyed with elements like germanium or arsenic to create optical glass materials that may be applied to sensors or infrared lenses.

As part of shared research between the universities, Richardson, who is director of UCF's Glass Processing and Characterization Laboratory (GPCL), and her co-investigators observed this unique transformation while testing a specific chalcogenide glass made of germanium, antimony and sulfur for use in a satellite's circuitry system. When exposed to gamma radiation similar to what may be encountered in space, the glass developed microscopic defects that later were repaired over time in a room temperature environment.

The self-healing glass could be useful in devices or instruments that may be exposed to extreme environments where gamma radiation may be prevalent, such as space or radioactive facilities. The research also provides foundational knowledge of the microscopic origins of the self-healing process for a wider variety of chalcogenide glasses.


																																						
    
     




																																			For the study, UCF researchers measured the quantities of the raw elemental material and fabricated the chalcogenide glass, says Richardson.

The process must be precise, and the UCF lab is highly specialized to ensure the glass isn't exposed to moisture, oxygen or other contaminants, she says.

"We put the materials in a furnace where we can melt them into a glassy state," Richardson says. "Once it's melted, the glass is then broken out of these tubes. This particular program sent the melted glasses to MIT where they made thin films out of these materials."

The desire to harness this specialized glass for use in infrared systems has risen as traditional materials have become scarce and prohibitively expensive, she says.

"People are increasingly looking at glasses that have similar optical transparency to crystals such as germanium that can be engineered for their composition and properties for use in applications where germanium may be used," Richardson says. "These glasses are seeing more and more use in systems where the community is looking for alternatives to some of the crystalline solutions that have historically been used before."

These glasses are distinct from conventional glasses, such as in windows or eyeglasses, she says.

"These glasses exclude oxygen, and that's what makes them special for the infrared," Richardson says. "These are made of elements on the far-right side of the periodic table. When they bond together, they make very infrared transparent materials but with very large atoms and weak bonds."
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                Graphical abstract. Credit: MRS Bulletin (2024). DOI: 10.1557/s43577-024-00693-x
            
        

    



The notion of "self-healing" is derived from the ability of these bonds to be distorted when exposed to radiation, she says.

"Because they're big atoms and weak bonds, over time, these bonds can relax back and reform from this distorted arrangement, and therefore heal," Richardson says. "So, the concept of self-healing glass is that when our experiments get exposed to high energy radiation, these bonds are distorted or broken. Over time, room temperature is enough to heal these bonds so that the structures can reform themselves."


																																			In addition to the vast network of collaborators, she worked with former UCF colleague and research scientist Myungkoo Kang, who analyzed the optical properties of the materials before and after radiation exposure.

Kang, who recently became an assistant professor of ceramic engineering at Alfred University's Inamori School of Engineering, was grateful for the experience he gained at UCF.

"Through the training, I became a PI, co-PI, or subcontractor of numerous federally and industrially funded multi-university research programs," he says. "Experiencing such upper-level scholarly activities eventually set me ready to become faculty, and I embarked on a new academic journey."

The knowledge gained from this self-healing glass experiment paves the way for future research opportunities to explore the properties and uses for other potentially self-healing chalcogenide glasses, Kang says.

"Moving forward, my new research group aims to develop irradiation-induced novel ceramics along with in-situ microstructural and optical metrology methods as a route toward the realization of ultra-fast lightweight optical platforms," he says. "My research under the unifying theme of irradiation effects in chalcogenide ceramics has yielded such an impactful takeaway."

Kang likens the materials of chalcogenide glasses he and Richardson study to a "soup" where sulfur, selenium and tellurium serves as a base. Germanium, arsenic and antimony are "spices" to be blended--or alloyed--to adjust the properties of the glass.


																																						
    
     




																																			The particular glass that Richardson, Kang and the other scientists had concocted and tested proved that its gamma-induced changes and post-gamma recovery are consistent and reproducible, Kang says.

"This finding strongly indicates that the material system can be deployed as a robust, reversible radiation sensor in extreme environments such as space and ground-based radioactive facilities where gamma ray is characteristically abundant," he says.

Kang says one of the most gratifying parts of the research--aside from the promising results--was the collaboration and coordination across universities.

"Samples were shipped back and forth between various locations, and it would not have been possible without our team members' commitment and passion," he says. "This work is a result of almost five-year-long team effort. I am happy to see that this work finally sees the light of day."


																																																					
																				
																						More information:
												Myungkoo Kang et al, Self-healing mechanisms for Ge-Sb-S chalcogenide glasses upon gamma irradiation, MRS Bulletin (2024). DOI: 10.1557/s43577-024-00693-x
																						
																					


                               											
																					
                              										                                        
										
										
											 
												Citation:
												'Self-healing' glass: Study shows microscopic defects are reversed when exposed to gamma radiation (2024, July 25)
												retrieved 25 July 2024
												from https://phys.org/news/2024-07-glass-microscopic-defects-reversed-exposed.html
											 

											 
											 This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
											 part may be reproduced without the written permission. The content is provided for information purposes only.
											 

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2024-07-glass-microscopic-defects-reversed-exposed.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Photocatalyst research uncovers better way to produce green hydrogen
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Researchers at Oregon State University have developed a material that shows a remarkable ability to convert sunlight and water into clean energy.



										      
																																	A collaboration led by Kyriakos Stylianou of the OSU College of Science created a photocatalyst that enables the high-speed, high-efficiency production of hydrogen, used in fuel cells for cars as well as in the manufacture of many chemicals including ammonia, in the refining of metals and in making plastics. The research was published in Angewandte Chemie.

The findings represent a potential new tool to use against greenhouse gas emissions and climate change, said Stylianou, whose research focuses on crystalline, porous materials known as metal organic frameworks, usually abbreviated as MOFs.

Made up of positively charged metal ions surrounded by organic "linker" molecules, MOFs have nanosized pores and tunable structural properties. They can be designed with a variety of components that determine the MOF's properties.

In this study, researchers used a MOF to derive a metal oxide heterojunction--a combination of two materials with complementary properties--to make a catalyst that, when exposed to sunlight, quickly and efficiently splits water into hydrogen.

The heterojunction, which they refer to as RTTA, features MOF-derived ruthenium oxide and titanium oxide doped with sulfur and nitrogen. They tested multiple RTTAs with different amounts of the oxides and found a clear winner.


																																						
    
     




																																			"Among various RTTA materials, RTTA-1, with the lowest ruthenium oxide content, exhibited the fastest hydrogen production rate and a high quantum yield," Stylianou said.

In just one hour, he noted, a gram of RTTA-1 was able to produce over 10,700 micromoles of hydrogen. This process utilized photons--light particles--at an impressive rate of 10%, meaning that for every 100 photons that struck RTTA-1, 10 contributed to hydrogen production.

"The remarkable activity of RTTA-1 is because of the synergistic effects of the metal oxides' properties and surface properties from the parent MOF that enhance electron transfer," Stylianou said. "This study highlights the potential of MOF-derived metal oxide heterojunctions as photocatalysts for practical hydrogen production, contributing to the development of sustainable and efficient energy solutions."

Producing hydrogen by splitting water through a catalytic process is cleaner than the conventional method of deriving hydrogen from natural gas via a carbon-dioxide-producing process known as methane-steam reforming.

Current catalytic processes for producing hydrogen from water involve electrocatalysis--running electricity through the catalyst. The sustainability of electrocatalysis depends on using renewable energy, and to be competitive in the market the energy has to be inexpensive.

Presently, methane-steam reforming produces hydrogen at a cost of about $1.50 per kilogram, compared to about $5 a kilogram for green hydrogen.

"Water is an abundant source of hydrogen, and photocatalysis offers a method to harness the Earth's abundant solar energy for hydrogen production," Stylianou said. "Ruthenium oxide is not cheap but the amount used in our photocatalyst is minimal. For industrial applications, if a catalyst shows good stability and reproducibility, the cost of this small amount of ruthenium oxide becomes less important."


																																																					
																				
																						More information:
												Emmanuel N. Musa et al, Boosting Photocatalytic Hydrogen Production by MOF-derived Metal Oxide Heterojunctions with a 10.0% Apparent Quantum Yield, Angewandte Chemie International Edition (2024). DOI: 10.1002/anie.202405681
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Investigating arc erosion performance of Ag-Ta2AlC, a new electrical contact material
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                Ag-Ta2AlC composite materials were prepared using the hot pressing sintering method, and the arc erosion properties of these materials with varying compositions were studied. The arc is dispersed over the surface of Ag-30%Ta2AlC, exhibiting the lowest arc energy and the shortest arcing time, suggesting that Ag-Ta2AlC has the potential to be a new silver-based electrical contact material. Credit: Journal of Advanced Ceramics (2024). DOI: 10.26599/JAC.2024.9220940
            
        

    


Relays are extensively utilized in accelerators, satellites, rockets, and various advanced technology sectors. They play crucial roles in signal transmission, long-distance control implementation, and protection circuits, directly impacting the safety of aerospace and defense equipment systems. The selection of electrical contact material in a relay is crucial for its performance.



										      
																																	Arc discharge, characterized by high temperature, heat, and energy, is a common occurrence during operation. Consequently, the arc erodes the electric contact material, causing craters, spattered particles, compositional changes, and a decrease in performance. Traditionally used silver-based electrical contact material, such as AgCdO and AgSnO2, suffer from chromium toxicity or poor wettability and severe temperature rise. Therefore, it is necessary to find a new reinforcement phase material to replace CdO and SnO2 materials.

MAX phase materials are a type of ceramic material known for their good electrical conductivity, and the arc erosion performance of MAX phase enhanced silver based electrical contact materials has recently been investigated.

Recently, a team of material scientists led by Xiaochen Huang from Bengbu University, China first reported the synthesis, microstructure, physical properties (relative density, hardness, and electrical conductivity) and arc erosion performance of Ag-Ta2AlC composite material. A comparative analysis of arc erosion properties was conducted of Ag-Ta2AlC composites with varying compositions. Additionally, the microstructural and chemical changes in Ag-Ta2AlC composites were observed and recorded experimentally. The mechanism of arc erosion and the formation of morphology was systematically explained.


																																						
    
     




																																			The team published their work in Journal of Advanced Ceramics.

"In this report, Ag-Ta2AlC composites with volume fractions of 10%, 20%, 30%, and 40% were fabricated by hot pressing sintering. The relative density of Ag- 10 vol.% Ta2AlC composite material was 98.2%.

"As the Ta2AlC content increased, the relative density of Ag-Ta2AlC composite material gradually decreased. The hardness initially increased and then decreased. The Ag- 30 vol.% Ta2AlC composite exhibited the highest hardness at 97.4 HV," said Xiaochen Huang, Associate Professor at Bengbu University (China), a researcher whose research interests focus on the field of Ag-based electrical contact material.

"The Ag- 30 vol.% Ta2AlC composite material exhibited the lowest arc energy (3.395 kJ) and shortest arcing time (33.26 ms). Additionally, the arc was dispersed on the surface of Ag- 30 vol.% Ta2AlC composite material, preventing concentrated arc erosion and demonstrating higher arc erosion resistance among the four components," said Huang.

"The surface atoms of the Ag-Ta2AlC composite absorbed energy, which exceeded the work function of Ag and Ta2AlC, resulting in their ionization. Ionized oxygen atoms combined with Ta and Al ions to form Ag2O, AgO, Ta2O5, and Al2O3," said Huang.

However, the transition boundary from the metallic to gaseous phase was found to be closely related to the arc voltage, air pressure, gas types, and materials. Considering the complexity of factors influencing the arc transition from the metallic to the gaseous phase, it was necessary to further explore the arc transition of Ag-Ta2AlC under air conditions.

Other contributors include Xiaochen Huang, Liang Li, Jinlong Ge from the School of Material and Chemical Engineering at Bengbu University in Bengbu, China; Hao Zhao from the School of chemical and materials engineering, Anhui Science and Technology University in Bengbu, China; Zijue Zhou from School of Chemistry and Materials Engineering at Huainan Normal University in Huainan, China.


																																																					
																				
																						More information:
												Xiaochen Huang et al, Investigation on the arc erosion performance of Ag-Ta2AlC composite under air conditions, Journal of Advanced Ceramics (2024). DOI: 10.26599/JAC.2024.9220940
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A brittle interface with low modulus to improve the mechanical properties of multiphase ceramics
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Barium strontium aluminum silicate (BaxSr1[?]xAl2Si2O8, BSAS) ceramics possess both phase stability and resistance to water vapor corrosion, making them ideal materials for radome technology and electronic packaging. To address the low tolerance of BSAS ceramics to damage and defects, the introduction of nano-reinforcements is an effective approach to enhance their strength and toughness.



										      
																																	SiC nanowires (SiCnws) exhibit high strength and hardness inherited from SiC ceramics, along with the excellent toughness and elasticity characteristic of nanomaterials, making them ideal candidates for toughening BSAS ceramics. The reinforcing and toughening effects of nano-reinforcements are primarily related to their dispersion and interfacial bonding. Poor dispersion can result in the formation of closed pores during densification, while strong interfacial bonding can prevent effective crack deflection, thereby limiting the reinforcement and toughening effects of the nanomaterials.

Finding a strategy to optimize the dispersion of SiCnws and achieve stable crack deflection is key to fully utilizing their reinforcing and toughening effects, and it is significant for enriching the theoretical framework of ceramic reinforcing and toughening mechanisms.

Recently, a team led by Xiaomeng Fan from Northwestern Polytechnical University, China reported a low-modulus brittle interface design method for reinforcing and toughening multiphase ceramics. By constructing an embedded SiO2 interface between SiCnws and BSAS, and through the tracking of microstructure and interface structure, they analyzed the reinforcing and toughening mechanisms, and optimized the mechanical performance of BSAS ceramics. This work provides a new design approach for interface structure in multiphase ceramics, as well as for their reinforcing and toughening.


																																						
    
     




																																			The team published their work in Journal of Advanced Ceramics.

"In this report, highly dense SiCnws/SiO2/BSAS multiphase ceramics were prepared using hot-press sintering, with clear phase boundaries between the three phases. Utilizing STEM-HAADF technique, it was confirmed that the amorphous SiO2 is embedded in an irregular shape between the cubic SiCnws and monoclinic BSAS, forming an interface-like structure," said Fan, Associate Professor from Science and Technology on Thermostructural Composite Materials Laboratory at Northwestern Polytechnical University, an expert in materials science whose research interests on ultra-high temperature ceramic matrix composites.

"During the densification process, ceramic powders with good flowability are crucial for improving the dispersion of nano-reinforcements. According to the He and Hutchinson criterion, constructing a low modulus interface is key to inducing crack deflection.

"Therefore, we proposed an innovative hypothesis to optimize the reinforcing and toughening effect of nano-reinforcements by constructing a brittle interface: introducing an embedded SiO2 interface with low softening temperature and low modulus between SiCnws and the BSAS ceramic matrix," said Fan.

"The results confirmed the hypothesis. First, molten SiO2 can cover ceramic particles under pressure, reducing contact stress during the sintering process and improving the flowability. Simultaneously, during sintering, molten SiO2 acts as an embedded interface between SiCnws and BSAS grains, weakening the interfacial bonding between them. This collectively optimizes the strengthening and toughening effects of SiCnws."


																																			This work optimizes the ceramic interface structure by adjusting the SiO2 content and systematically studies the reinforcing and toughening mechanism by predicting crack propagation behavior at the interface using the He and Hutchinson criterion. The optimized ceramics exhibit flexural strength and fracture toughness of 193+-16 MPa and 3.1+-0.5 MPa*m1/2, respectively, representing improvements of up to 52.6% and 94.0% compared to the non-optimized ceramics.

"This work is significant for the commercial application of BSAS ceramics and provides new design strategies for the interface structure design to reinforce and toughen the multiphase ceramics," said Fan.

However, more detailed research is needed to explore the suitability of BSAS for commercial applications and the feasibility of applying this strategy to optimize the mechanical properties of other multiphase ceramics. In this context, Professor Fan has proposed three potential directions for future work: enhancing the thermal stability, water vapor corrosion resistance, and their coordination with mechanical performance; optimizing related preparation processes; and investigating the applicability of this strategy to other multiphase ceramic systems.

Other research contributors include Xin Li, Haojie Luo, Jimei Xue, Fang Ye, Yongsheng Liu from Science and Technology on Thermostructural Composite Materials Laboratory at Northwestern Polytechnical University in Shaanxi, China; Xiaoke Lu from Frontier Institute of Science and Technology at Xi'an Jiaotong University in Shaanxi, China.


																																																					
																				
																						More information:
												Xin Li et al, The enhanced mechanical properties of SiC nanowires/Ba 0.75Sr 0.25Al 2Si 2O 8 ceramics with embedded SiO 2 interface, Journal of Advanced Ceramics (2024). DOI: 10.26599/JAC.2024.9220907
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Scientists investigate in-situ growth of crown ether@UiO-66 membranes under mild conditions
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Research groups led by Prof. Xu Tongwen and Prof. Li Xingya from the University of Science and Technology of China (USTC) have proposed the concept of total dehydration of ions, and prepared metal-organic framework (MOF) confined crown ether membranes, which solved the problem of precise separation of ions in complex systems. The research results were published in Science Advances.



										      
																																	The efficient and precise separation of ions involves important chemical processes such as lithium extraction from salt lakes, seawater refining, and high-salt wastewater resource utilization. The ions in these systems have complex compositions, and their sizes are all at the angstrom level, which is a technical challenge that needs to be solved in the current chemical separation industry.

According to the team's previous research results, the angstrom-scale membrane channels helped ions undergo partial dehydration and promoted ion transfer and sieving. In order to further enhance the flux and selectivity of monovalent ions, the researchers continued the work.

Researchers aimed to realize the in-situ growth of MOF confinement crown ether (CE@UiO-66) membranes under mild conditions (30 degC), where there was "perfect confinement" of crown ether molecules by utilizing the window-cavity structure of UiO-66.

The UiO-66 had a window of ~8 A and a cavity of ~12-15 A. Based on the size-matching effect, it was possible to restrict dibenzo-15-crown-5 (DB15C5) or dibenzo-18-crown-6 (DB18C6) with a molecular size of ~12 A. The UiO-66 membrane had a window of ~8 A and a cavity of ~12-15 A.

Compared to pristine UiO-66 membranes, CE@UiO-66 membranes exhibited higher monovalent ion permeation rates and selectivity due to the synergistic effect of UiO-66 window size screening and crown ether interaction screening that allowed complete dehydration of monovalent ions.

In the concentration-driven binary ion separation system, the flux of monovalent cations (e.g., K+) and the selectivity of monovalent/divalent cations (e.g., K+/Mg2+) were in the range of 0.9 ~ 1.2 mol m2h-1 and 30 ~ 60, respectively.

First-principles calculations and molecular dynamics simulations showed that the monovalent ions were completely dehydrated when passing through the DB18C6@UiO-66 cavity, which prompted the rapid transfer of monovalent ions with a lower energy barrier (transfer energy barrier: K+< Na+< Li+< Mg2+), and the final ionic transmembrane rate was: K+> Na+> Li+> Mg2+.

The study provides theoretical guidance for the construction of precise separation membranes for ions in complex systems.


																																																					
																				
																						More information:
												Tingting Xu et al, Perfect confinement of crown ethers in MOF membrane for complete dehydration and fast transport of monovalent ions, Science Advances (2024). DOI: 10.1126/sciadv.adn0944
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A 'volcano-type' relationship: Research reveals novel correlation between metal loading and acidic oxygen evolution
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In a study published in ACS Catalysis, a research team led by Prof. Yan Wensheng from the University of Science and Technology of China (USTC) has revealed the "volcano-type" relationship between metal loading and acidic oxygen evolution reaction (OER) activity in single-atom catalysts.



										      
																					Addressing the challenge of fabricating atomic-level dispersed metal catalysts with elevated metal loadings represents a formidable hurdle in single-atom catalysis. Moreover, elucidating the intricate interplay between the microscopic electronic interactions among metals at high loadings and their influence on the macroscopic catalytic behavior holds great importance for refining and optimizing the metal loading strategy.

The researchers adopted a simple P-anchoring strategy and successfully synthesized a series of Ir single-atom catalysts (x-IrPN3@C) with metal loadings ranging from 5% to 21wt%. Through synchrotron radiation XAS spectroscopy, the team clarified that the existence of the Ir-P coordination structure was the intrinsic reason for achieving high Ir atom loading.

This coordination structure stabilized the Ir atoms and prevented their aggregation at high loadings. Catalytic performance tests showed that the relationship between the metal loading of this catalyst and the catalytic activity of the acidic oxygen evolution reaction (OER) did not exhibit a simple "positive correlation," but rather a unique "volcano-type" relationship.

The research team clarified the underlying mechanism of the "volcano-type" relationship with the help of XAS (X-ray Absorption Spectra), X-ray photoelectron spectroscopy (XPS), and theoretical calculations. When the Ir loading went up within a certain range, the number of active sites increased, thereby enhancing the OER catalytic activity.

Yet when loading exceeded a certain threshold, the interaction between adjacent Ir atoms intensified, leading to a decrease in the valence state of Ir and subsequently reducing the intrinsic OER activity.

The competition between the increase in the number of active sites and the decrease in their intrinsic activity at high densities contributed to the "volcano-type" curve.

This research provides theoretical guidance for designing more efficient and economical single-atom catalysts for various catalytic reactions.


																														
																				
																						More information:
												Bing Tang et al, Investigation of the Relationship between Metal Loading and Acidic Oxygen Evolution Reaction Activity in Single-Atom Catalysts, ACS Catalysis (2024). DOI: 10.1021/acscatal.3c06263
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												A 'volcano-type' relationship: Research reveals novel correlation between metal loading and acidic oxygen evolution (2024, July 24)
												retrieved 25 July 2024
												from https://phys.org/news/2024-07-volcano-relationship-reveals-metal-acidic.html
											 

											 
											 This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
											 part may be reproduced without the written permission. The content is provided for information purposes only.
											 

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2024-07-volcano-relationship-reveals-metal-acidic.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Researchers propose doping strategy for efficient urea electrosynthesis
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                Structural Characterization of SrCoxRu1-xO3-d Catalyst. (Image by YAN et al.). Credit: ustc
            
        

    


A research team led by Prof. Yan Wensheng from the University of Science and Technology of China (USTC) has proposed a doping engineering strategy that breaks the scaling relationship of intermediate binding and minimizes the kinetic barrier of C-N coupling while realizing both high activity and high selectivity in urea electrosynthesis. The study is published in Angewandte Chemie International Edition.



										      
																					The research team has devised an innovative catalyst featuring two independent active sites. These active sites function as reaction centers for different functional groups, thereby facilitating multiple crucial steps in the urea synthesis reaction.

The design broke the limitation of traditional catalysts, which typically possessed only a single active site. In addition, it also opened up new avenues for enhancing the catalyst's activity and selectivity.

The researchers successfully synthesized a series of SrRuO3 catalysts with varying concentrations of Co in experiments. By adjusting the Co concentration, they aimed to optimize the catalyst's performance and identify the optimal catalytic effect. Among this series of catalysts, the SrCo0.39Ru0.61O3-d catalyst exhibited exceptional catalytic activity and selectivity.

X-ray absorption spectroscopy (XAS) and high angle annular dark-field scanning TEM (HAADF-STEM) image indicated that Co ions were in an occupied position, and the introduction of Co increased oxygen vacancies and the 4d electron state density of Ru. XAS and SR-FTIR revealed that Co and Ru sites were the active centers for the formation of *CO and *NH2 intermediates.

It was found that oxygen vacancies regulate the electronic structures of Co and Ru, weakening intermediate adsorption. While the strain of the Co-Ru dual site promoted C-N coupling and prevented the formation of by-products.

This research provides novel insights into the design of electrocatalysts for urea synthesis and the understanding of related electrocatalytic mechanisms.


																														
																				
																						More information:
												Liyang Lv et al, Breaking the Scaling Relationship in C[?]N Coupling via the Doping Effects for Efficient Urea Electrosynthesis, Angewandte Chemie International Edition (2024). DOI: 10.1002/anie.202401943
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The origin of stoichiometric effects in nickel-tungsten alloy catalysts
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                The mechanism of HOR catalyzed by Ni-W alloy. Credit: University of Science and Technology of China
            
        

    


A research group led by Professor Gao Minrui from the University of Science and Technology of China (USTC) reports that nickel-tungsten (Ni-W) ratio in Ni-W alloys governs the performance of hydrogen oxidation reaction (HOR). Additionally, researchers tuned the unpaired electrons in Ni to adjust the potential of zero charge (PZC) and hydroxyl adsorption (OHad) capacity of the alloy in alkaline HODs. The results have been published in Angewandte Chemie International Edition.



										      
																					Hydrogen-oxygen fuel cells are promising candidates in powering electronic vehicles due to their advantages like zero carbon emissions. Also, anion exchange membrane fuel cells excel others in allowing the use of non-platinum metal catalysts. However, in alkaline electrolytes, the kinetics of the anode HOR are reduced by about 100 times compared to those in acidic media. Currently, the activity and stability of Ni-based HOR catalysts still need further improvement.

Researchers prepared a Ni-W hydroxide precursor through a microwave thermal strategy, and then prepared a Ni-W alloy by annealing. The HOR activity of Ni-W alloys with different stoichiometric ratios was in the order of Ni19W < Ni9W < Ni3W < Ni4W < Ni17W3, among which the performance of Ni17W3 was the best, superior to commercial platinum carbon catalysts.

Researchers investigated the interfacial water structure by in situ Raman spectroscopy. The results showed that Ni17W3 had the highest proportion of "gap-H2O" molecules, indicating its hydrogen bond network had the best connectivity.

To further verify the role of Ni-W ratio in electronic structure modulation, researchers employed the electron paramagnetic resonance and temperature-dependent magnetization measurements. It was determined that the average number of unpaired Ni 3d electrons in Ni17W3 was 3.7, which was higher than other Ni-W alloys.

The increase in unpaired electrons changed the three-dimensional orbital electron configuration of Ni. In addition, it also reduced the surface work function and PZC and increased the adsorption energy of OH.

Researchers managed to make the PZC and surface electronic states favorable for OHad by alloying Ni with the electronegative W to fine-tune the unpaired electrons of Ni.

The new mechanism revealed in this work has significant implications for breaking through the performance limits of current non-precious metal alkaline HOR catalysts and creating a new generation of non-platinum catalysts.


																														
																				
																						More information:
												Ye-Hua Wang et al, Unraveling Stoichiometry Effect in Nickel-Tungsten Alloys for Efficient Hydrogen Oxidation Catalysis in Alkaline Electrolytes, Angewandte Chemie International Edition (2024). DOI: 10.1002/anie.202407613
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Unraveling how potassium bound to soil minerals is made bioavailable for uptake by plants
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A combination of X-ray absorption spectroscopy and computational methods has revealed the unique bonding environment of potassium associated with organic acids.



										      
																																	Potassium is an essential element for plant growth. However, soils generally have low amounts of potassium readily available to plants. Luckily, soils contain potassium in soil minerals, and there are many species of microbes that can weather mineral surfaces by secreting organic acids that dissolve the minerals, thereby releasing potassium.

A recent study published in The Journal of Chemical Physics shows that the bonding environment of potassium in different organic acids has different signatures that can be detected using X-ray techniques. The signature of the bonding environment can inform whether potassium is associated with carbon, nitrogen, or oxygen.

Microbial mineral weathering has been shown to be a promising pathway to sustainably increase the availability of potassium (K) to plants. However, the mechanisms underlying microbial K transformations are poorly resolved.

To better understand how microbes source K from minerals, a multi-institutional team of scientists performed X-ray absorption spectroscopy (XAS) at the Stanford Synchrotron Radiation Lightsource (SSRL) on K-organic salts, including acetate, citrate, nitrate, oxalate, and tartrate, which are frequently observed as acids secreted by soil microbes. The organic salts display XAS spectra, each of which demonstrates numerous unique features.


																																						
    
     




																																			To identify the electron moves that cause some unique spectral features in the organic salts, the team used computational tools and expertise from scientists at the Environmental Molecular Sciences Laboratory (EMSL), a Department of Energy, Office of Science user facility, and Pacific Northwest National Laboratory to simulate experimental spectra. The team analyzed the K-organic salt bonding in detail to explain why XAS spectral shapes differ.

Their results also indicated that XAS spectra were associated with the entire compound, despite similar bonding environments around the K ion of each organic salt. The improved understanding of K bonding environments with organic compounds provides an important toolkit to understand how K is transformed by microbial processes and made bioavailable for plant uptake.

Results from this research are some of the first of their kind--identifying the particular signature of potassium organic acids. This understanding will allow future researchers to fingerprint the type of organic compound that is bonded to potassium in complicated biological and environmental samples, something that was not previously known to be possible until now.

A further impact of this research is the characterization of these signatures; this will allow future studies to spatially distinguish between these potassium organic molecules in natural soil. Overall, this research is important to general understanding of how potassium is cycled between the soil matrix, microorganisms, and plants.


																																																					
																				
																						More information:
												Jocelyn A. Richardson et al, X-ray absorption spectroscopy and theoretical investigations of the effect of extended ligands in potassium organic matter interaction, The Journal of Chemical Physics (2024). DOI: 10.1063/5.0183603
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Finding solutions to problem of clumping in potash-based products
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When powdered products like sugar, salt, or instant coffee are exposed to moisture, they form clumps and become much harder to use. The same thing happens to potash-based fertilizers and other potash products, where clumping can lead to industrial and agricultural waste. That's why Saskatchewan researchers are taking a closer look at studying why clumps form in powdered products and what can be done to avoid this.



										      
																					Dr. Lifeng Zhang recently came to the Canadian Light Source (CLS) at the University of Saskatchewan (USask) with other members of USask's Particle Technology Research Lab, and used the BMIT-BM beamline to study in real time how clumps form in potash products.

"This research is the first one actually looking into the caking and clumping phenomena using X-ray imaging," says Zhang. "Previously, other methods or instruments have been used, but they cannot see this dynamic process."

The team used a technique called synchrotron-based X-ray tomography to take detailed 3D images of potash particles and the tiny bridges that form between them, which create the clumps.

"Something other methods cannot see," Zhang continues, "here we can see it using synchrotron-based X-ray imaging. I can see that small-scale spread or caking occurring within minutes--that's really exciting."

This research, done in collaboration with industry partner Mosaic, originally set out to study ways of improving the drying process for potash products, but the research evolved when they discovered that clumping was occurring not only after, but also during the drying process. The team's findings were published in the journal Particuology.



    
    
    
        
        
    
         
             
         

          

"This research is just the beginning of improving our understanding of how the clumping phenomena occurs," says Zhang. "We hope that the knowledge from this research will help industry reduce waste or even help, for example, our farmers when they apply this product in the field to reduce waste as well."

Zhang and the team hope to continue working with Mosaic to find ways to improve manufacturing/drying processes. The team also hopes to one day expand their research to study the clumping phenomena in other powdered products.


																														
																				
																						More information:
												Mojtaba Nabipoor Hassankiadeh et al, Synchrotron X-ray micro-computed tomography imaging of solid bridges between potash particles near contact points, Particuology (2024). DOI: 10.1016/j.partic.2024.04.012
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Research team overcomes heteroatom constraints via cobalt catalysis
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Professor Fu Yao and Associate Professor Lu Xi from the University of Science and Technology of China (USTC) have conducted a cobalt-hydride-catalyzed enantioselective hydroalkylation, enabling the efficient construction of chiral tertiary carbon centers at the benzyl position. The study has been published in Nature Synthesis.



										    
																					Alkyl carbon centers serve as scaffolds for 3D configuration in organic molecules and functional materials, endowing these molecules with unique properties and functions. Alkene hydroalkylation reactions make alkyl carbon centers by reacting metal hydride species with alkenes. However, controlling the stereochemical selectivity of this reaction has been challenging.

The researchers investigated the structure and reaction regularity of alkyl metal intermediates, establishing a new model that uses C-H***p non-covalent interactions to control reaction selectivity. The p-electron system of the styrene substrate was found to form C-H***p interactions with hydrogen atoms in the catalyst, which enabled precise control over the stereochemical selectivity of the reaction.

Researchers carried out the cobalt-catalyzed hydroalkylation of alkenes with precise construction of aryl vicinal chiral alkyl carbon centers. This experiment solved the problem of uncontrollable stereochemistry in heteroatom-free alkene hydroalkylation reactions.

The hydroalkylation of alkenes with alkyl halides was applicable to a wide range of substrates and features excellent functional group compatibility. Moreover, the catalytic system enabled deuterium-labeled hydroalkylation of alkenes, which showed potential applications in the synthesis and modification of pharmaceutical molecules and natural products.

The study reveals a new synthetic pathway for chiral functional molecules such as deuterated drugs.


																														
																				
																						More information:
												Yan Li et al, Enantioselective alkene hydroalkylation overcoming heteroatom constraints via cobalt catalysis, Nature Synthesis (2024). DOI: 10.1038/s44160-024-00581-x
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Researchers discover faster, more energy-efficient way to manufacture industrially important propylene
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                Zirconium (larger burnt orange atom), combined with silicon nitride (blue and gray atoms), enhances the transformation of propane into propylene in a way that's faster and uses less energy than more traditional means. Credit: David Kaphan, Max Delferro and Yu Lim Kim / Argonne National Laboratory
            
        

    


Polypropylene is a common type of plastic found in many essential products used today, such as food containers and medical devices. Because polypropylene is so popular, demand is surging for a chemical used to make it. That chemical, propylene, can be produced from propane. Propane is a natural gas commonly used in barbeque grills.



										      
																																	Scientists from the U.S. Department of Energy's (DOE) Argonne National Laboratory and Ames National Laboratory now report a faster, more energy-efficient way to manufacture propylene than the process currently used. The research is published in the Journal of the American Chemical Society.

Converting propane into propylene typically involves a metal catalyst like chromium or platinum on a support material, such as aluminum oxide or silicon dioxide. The catalyst speeds up the reaction. However, it also necessitates high operating temperatures and energy use.

In a collaborative project, scientists from Argonne and Ames found that zirconium combined with silicon nitride enhances the catalytic conversion of propane gas to propylene. It does so in a way that is faster-reacting and less toxic and uses less energy than other nonprecious metals, like chromium. It is also less expensive than precious metal catalysts like platinum.

This discovery also reveals a way to reduce the temperature of the catalytic process. In turn, this reduces the amount of carbon dioxide released. Carbon dioxide accounts for almost 80% of greenhouse gas emissions in the United States.


																																						
    
     




																																			Additionally, this research gives a glimpse into the reactivity achievable with other low-cost metals in the catalytic conversion of propane into propylene.

For some time, Argonne chemists David Kaphan and Max Delferro have been systematically studying how nontraditional surfaces influence and promote catalysis. As lead researchers on this study, they wanted to understand how a nontraditional metal catalyst on a nontraditional type of support compares with traditionally used materials during the catalytic conversion of propane.

Catalyst support materials typically have high surface areas and help to distribute catalysts. They can also play an important role in promoting catalysis, as shown in this study.

The research team found that a zirconium catalyst on a silicon nitride support yielded significantly more active catalysis for the conversion of propane into propylene. Conversely, this was not the case with the silica support.

They also found that the silicon nitride support enabled catalysis in a way that is faster and more energy-efficient than with traditional metals on silica. As a catalyst support, silicon nitride can enhance chemical reactions on the surface of metals relative to more traditionally used oxides.

The scientists achieved catalytic conversion of propane at a temperature of 842 degrees F. This is slightly lower than the 1,022 degrees F typically required for catalysis using traditional materials. Furthermore, when run at the same temperature as traditional catalysts for this transformation, the reaction rates were significantly faster than similar materials with oxide supports.


																																			This discovery also offers proof that this concept can be generalized for other important reactions.

"This provides a window into nitride-supported metal reactivity. We see promise with the use of other transition metals where we can leverage this difference in the local environment of the nitride surface to enhance catalysis," Kaphan said.

This research benefited from Argonne's Advanced Photon Source (APS), a DOE Office of Science user facility. At beamline 10-BM, researchers used X-ray absorption spectroscopy to understand how the zirconium catalyst interaction with the nitride material differs from the oxide material.

Argonne researchers also collaborated with Frederic Perras, a scientist at Ames National Laboratory, to gain a better understanding of the structure of the zirconium/silicon nitride catalyst. He used a dynamic nuclear polarization-enhanced nuclear magnetic resonance technique to analyze how silicon nitride reacts with metal sites.

"The composition on the surface of silicon nitride is largely unknown, which is what I found most exciting about this work," said Perras, who is also an adjunct associate professor at Iowa State University.

The combination of material characterization techniques available at Argonne and Ames and the expertise of the people who worked on this paper is what contributed to the success of this experiment, according to Delferro.

"One person cannot do everything. This is really a team effort, and everyone brought their expertise to the table to achieve this goal," he said.

In addition to Delferro, Kaphan and Perras, research authors include Joshua DeMuth, Yu Lim Kim, Jacklyn Hall, Zoha Syed, Kaixi Deng, Magali Ferrandon, A. Jeremy Kropf and Liu Cong.


																																																					
																				
																						More information:
												Joshua C. DeMuth et al, Silicon Nitride Surface Enabled Propane Dehydrogenation Catalyzed by Supported Organozirconium, Journal of the American Chemical Society (2024). DOI: 10.1021/jacs.4c02776
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                Cross section of paint sample SK-C-5_017 as seen through a light microscope. It shows various crystals of yellow, orange and red pigments of which the precise composition was established using a combination of electron microscopy, Raman spectroscopy, and X-ray powder diffraction. Credit: Rijksmuseum.
            
        

    


Chemists at the Rijksmuseum and the University of Amsterdam (UvA) have for the first time established how Rembrandt applied special arsenic sulfide pigments to create a "golden" paint.



										    
																																	Using sophisticated spectroscopic techniques, they were able to map the presence of pararealgar (yellow) and semi-amorphous pararealgar (orange/red) pigments in a striking detail of his famous work "The Night Watch." Corroborated by study of related historical sources, they conclude that Rembrandt intentionally combined these particular arsenic sulfide pigments with other pigments to create the golden luster.

The discovery was published in the journal Heritage Science by Frederique Broers and Nouchka de Keyser, Ph.D. candidates at the UvA's Van 't Hoff Institute for Molecular Sciences and researchers at the Rijksmuseum.

They conclude that Rembrandt used the rather unusual combination of pigments to depict the golden threading in the doublet sleeves and embroidered buff coat worn by Lieutenant Willem van Ruytenburch. He is on the right of the two central figures at the front of the shooting company tableau, accompanying Captain Frans Banninck Cocq.
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                Rembrandt's Night Watch (left), the clothing of Lieutenant Willem van Ruytenburch (right) and the location where paint sample SK-C-5_017 was taken. Credit: Rijksmuseum
            
        

    




Unusual pigments

The discovery of the arsenic sulfide pigments took place in the large-scale research project Operation Night Watch which started in 2019 and continues to deliver striking results. A full X-ray fluorescence (MA-XRF) scan of the painting had already revealed the presence of arsenic and sulfur in parts of Van Ruytenburch's clothing. It led the researchers to assume the presence of the well-known arsenic sulfide pigments orpiment (yellow) and realgar (red).

A detailed study of two tiny paint samples taken from the painting showed otherwise. High-tech analysis combining light microscopy with micro-Raman spectroscopy, electron microscopy and X-ray powder diffraction revealed the presence of the more unusual arsenic sulfide components pararealgar (yellow) and semi-amorphous pararealgar (orange-red).
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                Rembrandt's Night Watch. Credit: Rijksmuseum
            
        

    





																																						
    
     




																																			Deliberate use

The presence of pararealgar in historical paintings is often explained by the aging of realgar. However, because pararealgar is homogeneously distributed with the semi-amorphous pararealgar, and the paint looks unaltered, the researchers arrive at a different explanation.

They argue that Rembrandt deliberately chose to use these pigments in his effort to imitate the golden details of Van Ruytenburch's clothing. Heating yellow pararealgar pigment results in formation of the reddish semi-amorphous pararealgar. This was then combined with lead-tin yellow and vermilion (red mercury sulfide) pigments to create the golden luster.

This chemical explanation was supported by a comprehensive review of historical sources reporting on the use of arsenic sulfide pigments. It seems that in 17th-century Amsterdam a broader range of arsenic pigments were available than previously thought.

These probably arrived through known trade routes from Germany/Austria and Venice to Amsterdam. This is further supported by the reported use of a very similar mixture of pigments by Willem Kalf (1619-1693), a contemporary of Rembrandt in Amsterdam.

The researchers therefore conclude that Rembrandt intentionally used pararealgar and semi-amorphous pararealgar, together with lead-tin yellow and vermilion, to create the special orange-"golden" paint.


																																																					
																				
																						More information:
												Nouchka De Keyser et al, Discovery of pararealgar and semi-amorphous pararealgar in Rembrandt's The Night Watch: analytical study and historical contextualization, Heritage Science (2024). DOI: 10.1186/s40494-024-01350-x
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        Rare rodent prefers an invasive noxious weed over native vegetation, study finds
        In a twist to the native animal survival story, new research shows that a threatened rodent that only survives on offshore islands prefers one of Australia's most invasive weeds for food and shelter.

      

      
        Going deeper for healthy offshore reefs in Storm Bay
        Scientists have used high-tech underwater robots to take a closer look at the deep offshore reefs on the east coast of Bruny Island in Tasmania and have revealed the seabed biodiversity there for the first time.

      

      
        Deciphering the journey from stem cells to neurons: Study reveals continuous gene expression changes behind the switch
        RIKEN researchers have uncovered how gradual changes in gene-expression patterns drive a cell-fate switch in neural stem cells (NSCs) in mice.

      

      
        A soft needle in an oceanic haystack: Scientists discover a new species of chordate
        The Cambrian fossil record indicates that most animal phyla had diversified and inhabited the Earth's oceans approximately 518 million years ago. But even though chordates--the group that includes vertebrates like humans--were part of this early animal diversification, they make up a relatively small portion of fossils from more than 50 Cambrian sites worldwide.

      

      
        Tagging seals with sensors helps scientists track ocean currents and a changing climate
        A surprising technique has helped scientists observe how Earth's oceans are changing, and it's not using specialized robots or artificial intelligence. It's tagging seals.

      

      
        AI-assisted analysis suggests elephant-like species extinction rates grew when humans arrived
        A pair of paleobiologists at the University of Fribourg and Swiss Institute of Bioinformatics, in Switzerland, working with a colleague from Museo Nacional de Ciencias Naturales, in Spain, has found evidence suggesting that humans were responsible for proboscidean species extinction rates increasing over the past 1.8 million years.

      

      
        Your world is different from a pigeon's--but a new theory explains how we can still live in the same reality
        The human eye registers three colors of light: red, green and blue. But pigeons (and many other animal species) can also see a fourth color, ultraviolet.

      

      
        Fort Worth Zoo hits conservation milestone by hatching endangered crocodiles
        The Fort Worth Zoo made wildlife conservation history, marking the "first-ever repeated" breeding of endangered gharial crocodiles.

      

      
        New study confirms mammal-to-mammal avian flu spread
        A new study provides evidence that a spillover of avian influenza from birds to dairy cattle across several U.S. states has now led to mammal-to-mammal transmission--between cows and from cows to cats and a raccoon.

      

      
        Size doesn't matter for mammals with more complex brains, according to new study
        Mammals that have evolved more developed brains tend to have a smaller size difference between males and females of that species, according to new research led by the University of Bath and published in Nature Communications.

      

      
        Washington state nears a plan to remove key culverts for salmon--after spending $4 billion
        As the Washington State Department of Transportation spends billions of dollars removing concrete and metal pipes that block spawning salmon, another state agency is finally finishing a strategy to fix all the state's fish migration barriers.

      

      
        Sweden seeks to be winemaking's next frontier
        Far north of iconic wine regions like Bordeaux and Tuscany, Sweden is seeing a burgeoning industry of vineyards and a first generation of winemakers trying to carve out a niche.

      

      
        Does fertility affect a woman's body odor? Study finds no evidence
        Who we choose as a partner depends in part on who we find attractive on the outside. Scientists have long wondered whether potential partners can also sense a woman's fertility, for example through subtle changes in her body odor.

      

      
        Study reveals close host-symbiont interactions in deep-sea chemosynthetic tubeworm
        Vestimentiferan tubeworms, unique deep-sea dwellers lacking a digestive system, rely on a symbiotic partnership with sulfide-oxidizing endosymbiotic bacteria (endosymbionts) for nutrients. Living in chemosynthetic ecosystems like hydrothermal vents and cold-seeps, these worms house the endosymbionts in a specialized organ, facilitating gas exchange to fuel the microbes' organic matter production, leading to the tubeworms' remarkable growth and dense communities.

      

      
        New Zealand's flightless birds are retreating to moa refuges
        Researchers have found New Zealand's endangered flightless birds are seeking refuge in the locations where six species of moa last lived before going extinct.

      

      
        Isle of Skye discovery suggests ancient mammals had longer lifespans than modern counterparts
        A team of paleontologists and natural science specialists from the U.K., the U.S. and France reports that ancient fossil evidence uncovered on Scotland's Isle of Skye suggests small mammals living millions of years ago may have had longer developmental periods and lifespans than those alive today.

      

      
        Bat evolution study supports gliding-to-flying hypothesis
        In new research published in PeerJ, researchers from the University of Washington, University of Texas at Austin and Oregon Institute of Technology, led by undergraduate student Abby Burtner, have advanced our understanding of the evolutionary origins of flight in bats.

      

      
        Ancient marine animal had inventive past despite being represented by few species, new study finds
        Brachiopods were evolving in new directions but this did not become an evolutionary success in terms of the numbers of species, researchers at the University of Bristol, the Open University, and the China University of Geosciences have found.

      

      
        Scientists publish first experimental evidence for new groups of methane-producing organisms
        A team of scientists from Montana State University has provided the first experimental evidence that two new groups of microbes thriving in thermal features in Yellowstone National Park produce methane--a discovery that could one day contribute to the development of methods to mitigate climate change and provide insight into potential life elsewhere in our solar system.

      

      
        The aroma of tomato resistance--discovery of a new compound to protect from bacteria and drought
        In a recent study published on the cover of the Plant Physiology journal, the IBMCP team has identified a new volatile compound--alpha-terpineol--that effectively protects plants from Pseudomonas syringae. This pathogenic bacterium causes severe damage to various crops. This finding could improve crop protection treatments by providing natural and highly effective plant protection.

      

      
        Lab and field tests suggest snails like red and dislike garlic
        Pest snail species prefer the color red but dislike garlic, according to new research from CSIRO, Australia's national science agency.

      

      
        There's a new top fish of the Columbia River, and it doesn't mind the warm water
        There is a new king of the Columbia. Each spring, a chrome tide of fish native to the East Coast floods the Northwest's mightiest river by the millions. Shad, not salmon, are thriving in the warm, still water created by hydroelectric dams throughout the Columbia River Basin.

      

      
        Using AI, bird flu study shows greater antibody evasion in newer H5N1 strains
        In a new study led by UNC Charlotte researchers from the Center for Computational Intelligence to Predict Health and Environmental Risks (CIPHER) and the North Carolina Research Campus at Kannapolis, University scholars have found evidence that the latest variants of H5N1 influenza--commonly known as avian or bird flu--are better at evading antibodies, including those of humans, than previous iterations of the virus.

      

      
        Better management of the Australian seafood industry can create resilience to food shocks
        New research from the University of South Australia shows that the Australian seafood industry has become more resilient to food shocks--a good sign, with Australians eating more seafood now than ever before.

      

      
        Study shows chickens use flushed skin and feather fluffing to display different emotions, levels of excitement
        Hens fluff their head feathers and blush to express different emotions and levels of excitement, according to a study published July 24, 2024, in the open-access journal PLOS ONE by Cecile Arnould and colleagues from INRAE and CNRS, France.
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Rare rodent prefers an invasive noxious weed over native vegetation, study finds
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                An endangered Greater Stick-nest Rat feeds on native vegetation in the predator proof enclosure on Mount Gibson Wildlife Sanctuary, WA . Photo courtesy Wayne Lawler. Credit: Australian Wildlife Conservancy
            
        

    


In a twist to the native animal survival story, new research shows that a threatened rodent that only survives on offshore islands prefers one of Australia's most invasive weeds for food and shelter.



										      
																																	In a new article published in Wildlife Research, scientists from Flinders University and the University of Adelaide discovered that African boxthorn bushes are a top dining destination for the rare greater stick-nest rat on Reevesby Island, a small island off the coast of Port Lincoln, South Australia.

The secret was revealed in the small, timid animal's droppings, says lead author Annie Kraehe, a College of Science and Engineering Ph.D. candidate at Flinders University.

"I spent weeks poking through the fecal pellets (the droppings or poo) of stick-nest rats to identify microscopic plant remains. This gave us proof of what the stick-nest rats have been eating.

"We then compared the proportion of plants eaten with the availability of potential food plants in the area."

This showed that African boxthorn, a shrub in the nightshade family indigenous to South Africa, accounts for just over half of the stick-nest rat's diet, despite representing just over one-tenth of the available vegetation.

"We also observed that stick-nest rats are more present in areas with higher boxthorn abundance, using it for nesting and shelter," she says.

Co-author Flinders University Associate Professor Vera Weisbecker says invasive weeds of national significance such as boxthorn "are incredibly damaging to Australia's biodiversity, so our find is a bit of good news about a threatened mammal thriving in a habitat considered degraded by a weed of national significance."


																																						
    
     




																																			Greater stick-nest rats were declared extinct on the mainland by 1930, but their decline began much earlier with the introduction of cats and foxes. The guinea pig-sized native rodent builds a large communal home out of sticks and stones.

Today, the only existing wild populations are confined to offshore islands, beyond the reach of such invasive predators. However, birds of prey can still pose a big risk for the rabbit-sized rodent.

"African boxthorn offers excellent cover from these raptors, so we think that this makes boxthorn thickets a preferred nesting location for the stick-nest rats," says evolutionary ecologist Associate Professor Weisbecker.

"A similar effect has also been observed for little penguins in South Australia, where African boxthorn provides better protection against cats and foxes than native vegetation.

"There are a few cases of individual native animals benefitting from invasive weeds around the globe."

"For example, blackberry invasions have also been devastating to many Australian landscapes, but their dense, thorny growth has helped the southern brown bandicoot survive in the Mount Lofty ranges around Adelaide."

Another co-author on the article, University of Adelaide Professor of Botany Bob Hill, says the findings highlight the importance of assessing the degree to which Australia's unique fauna has adjusted to the tremendous changes in native ecosystems.


																																			"Of all the weeds in Australia, African boxthorn stands out as one of the worst offenders," says Professor Hill.

"It produces orange/red berries that birds and small mammals feed on. The seeds survive the digestive process and get deposited in new places through the animal's poo.

"Mature plants can grow up to 5 meters tall, forming impenetrable thickets armored with large, formidable thorns," says the fourth author of the journal article, University of Adelaide researcher Dr. Kathryn Hill, a director of Debill Environmental consultants.

"These characteristics make African boxthorn one of Australia's most hated weeds, disrupting wildlife and livestock movement and often blocking access to water sources.

"However, the same traits probably make it appealing to the greater stick-nest rat."

"This invader is by no means a good thing," she stresses, "probably not even for the stick-nest rats on Reevesby Island. If it continues to spread, it may displace too much of the native vegetation and lead to a collapse of the island's ecosystem, ultimately affecting the greater stick-nest rats themselves."

Overall, the researchers warn against any perceptions that invasive weeds aren't as bad as they seem.

"We merely show that African boxthorn is being used by stick-nest rats. Further research is needed to understand if the animal actually benefits from the weed, and how this potential benefit compares to the destructive effects on the rest of the ecosystem," says Kraehe.

"The fact that the stick-nest rat is flexible enough in its food choices to thrive on African boxthorn is encouraging for efforts to re-establish the species elsewhere.

"These islands lie on the fringe of the stick-nest rats' known historical range, so we don't know what the best habitat or food plants are for them. It is therefore great to know that they are not overly fussy with what they eat," Kraehe concludes.


																																																					
																				
																						More information:
												Annie A. Kraehe et al, Threatened stick-nest rats preferentially eat invasive boxthorn rather than native vegetation on Australia's Reevesby Island, Wildlife Research (2024). DOI: 10.1071/WR23140
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Going deeper for healthy offshore reefs in Storm Bay
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                Autonomous underwater vehicle being deployed. Credit: IMOS
            
        

    


Scientists have used high-tech underwater robots to take a closer look at the deep offshore reefs on the east coast of Bruny Island in Tasmania and have revealed the seabed biodiversity there for the first time.



										      
																																	In a new study, researchers at the University of Tasmania's Institute for Marine and Antarctic Studies (IMAS) collected more than 61,000 images of three reef systems in Storm Bay at depths of 30-60 meters. This was achieved using an advanced Autonomous Underwater Vehicle operated in partnership with the University of Sydney's Australian Center for Field Robotics, as part of Australia's Integrated Marine Observing System (IMOS).

"The imagery we captured has given us an initial understanding of the seabed biodiversity across these deep offshore reefs, and an inventory that provides an important baseline for tracking how that biodiversity changes over time," said IMAS marine ecologist Ashlee Bastiaansen, who is the lead author of the study published in Ecological Indicators.

"In addition to noting that seaweed cover dominates the shallower depths of these reefs, and sponges, corals, and other seabed animals are more prevalent below 40 meters, we observed a general decline in the overall diversity of organisms on these deep reefs between 2015 and 2020.

"We also found that the green macroalgae Caulerpa, which is a feature of reef tops at depths of 30 meters in this area, had become shallower and reduced in cover over this period.

"This is important because changes in the distribution and abundance of key species like Caulerpa can indicate shifts in ecosystem health and function, potentially affecting the broader reef community and its resilience to environmental changes," said Bastiaansen.


																																						
    
     




																																			IMAS Project Lead and co-author, Associate Professor Neville Barrett said these deep reefs were relatively inaccessible, so were not well studied. "Yet they host high levels of biodiversity and important commercial and recreational fishery values," he said.

"With the increasing human pressures on coastal regions, including nutrient inputs from cities and recent offshore aquaculture developments, baseline studies like this are vital for monitoring and managing the health of deep reef ecosystems."
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The images and annotations from the work are hosted on the IMOS SQUIDLE+ online platform which offers a permanent, publicly accessible baseline for monitoring the remarkable ecosystems in Storm Bay.

"This baseline data provides an essential foundation for evidence-based management plans for Storm Bay," Bastiaansen said.

"While the work described in this paper is based on two time points, the true value of these publicly accessible images and baseline annotations will become apparent over time."

SQUIDLE+ is an open software platform for the management, discovery and annotation of marine imagery developed as part of Australia's Integrated Marine Observing System's Understanding of Marine Imagery Facility. IMOS is enabled by the National Collaborative Research Infrastructure Strategy (NCRIS).


																																																					
																				
																						More information:
												Ashlee Bastiaansen et al, Taking a deeper look at the biodiversity on temperate mesophotic reefs to inform adaptive management of impacts in Storm Bay, Tasmania, Ecological Indicators (2024). DOI: 10.1016/j.ecolind.2024.112345
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Deciphering the journey from stem cells to neurons: Study reveals continuous gene expression changes behind the switch
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RIKEN researchers have uncovered how gradual changes in gene-expression patterns drive a cell-fate switch in neural stem cells (NSCs) in mice.



										      
																																	All the major neuronal types of cells in the central nervous system are created through the division of NSCs into intermediate progenitor cells (IPCs), which in turn divide into mature neurons.

The transition from NSCs to IPCs is considered to be a discrete event since IPCs lack the same multipotency and radial shape of NSCs and no cells exhibit intermediate features between NSCs and IPCs. However, RNA-sequencing analyses of single cells has shown that gene expression changes continuously from NSCs to IPCs.

Thus, while the conversion appears sudden, the underlying changes in gene expression proceed gradually during the differentiation process.

Ryoichiro Kageyama, director of the RIKEN Center for Brain Science, was intrigued by this apparent conflicting evidence. "We wanted to reconcile these contradictory observations," he says.

Transcription factors are proteins that control the expression of genes. Previously, Kageyama's team had shown that the transcription factors that regulate NSC differentiation are expressed in an oscillatory manner. In particular, oscillations in the expression of the transcription factor Hes1, which represses the expression of genes that promote neuronal cell fate such as Neurog2, keep NSCs alternating between an NSC state and an IPC-like state.

"NSCs with the IPC-like state differentiate into IPCs after cell division," notes Kageyama.


																																						
    
     




																																			Now, Kageyama and two colleagues have unmasked the mechanism by which Hes1 expression is suppressed to induce an IPC-like state in mouse NSCs during development of the cerebral cortex.

The trio found that Hes1-regulated Neurog2 oscillations result in the accumulation of T-box brain protein 2 (Tbr2), a transcription factor that binds to the Hes1 promoter to switch off Hes1 expression. The study is published in the journal Developmental Cell.

"When Tbr2 reaches a certain level, it effectively suppresses Hes1, which drives IPC differentiation," says Kageyama.

Temporarily eliminating Tbr2 expression caused an increase in Hes1 expression and reduced NSC differentiation, confirming that Tbr2 plays a key role in driving the gradual conversion of NSCs into IPCs.

The discovery that NSCs exhibit differentiated-cell-like gene-expression patterns as well as those typical in stem cells was surprising. "The gene-expression patterns of NSCs are more diverse than previously thought," says Kageyama.

Since current data indicates that oscillating gene-expression states are important for multipotency and efficient proliferation of NSCs, Kageyama's team intends to explore how these oscillating gene-expression states promote cell-cycle progression in NSCs.


																																																					
																				
																						More information:
												Hiromi Shimojo et al, The Neurog2-Tbr2 axis forms a continuous transition to the neurogenic gene expression state in neural stem cells, Developmental Cell (2024). DOI: 10.1016/j.devcel.2024.04.019
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A soft needle in an oceanic haystack: Scientists discover a new species of chordate
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                Nuucichthys rhynchocephalus gen. et sp. nov. from the Drumian Marjum Formation of the House Range of Utah, USA. Credit: Royal Society Open Science (2024). DOI: 10.1098/rsos.240350
            
        

    


The Cambrian fossil record indicates that most animal phyla had diversified and inhabited the Earth's oceans approximately 518 million years ago. But even though chordates--the group that includes vertebrates like humans--were part of this early animal diversification, they make up a relatively small portion of fossils from more than 50 Cambrian sites worldwide.



										      
																																	In a new paper published in Royal Society Open Science, Harvard research scientist Rudy Lerosey-Aubril and associate professor Javier Ortega-Hernandez present their surprising finding of a new species of chordate, and the first soft-bodied vertebrate to be discovered in the Drumian Marjum Formation of the American Great Basin.

This new fossil was part of a collection of Cambrian soft-bodied fossils deposited in the Museum of Natural History of Utah, a long term collaborator with researchers at Harvard.

The discovery of this new species, dubbed Nuucichthys rhynchocephalus, is a valuable contribution to early vertebrate evolution and biodiversity because of the dearth of these types of organisms in Cambrian fossil sites--including South China, the Northeastern United States, and British Columbia.

Nuucichthys is also one of only four species documenting the early evolutionary stage of vertebrate lineage and, as such, is one of humanity's oldest relatives.

In their paper, Lerosey-Aubril and Ortega-Hernandez describe Nuucichthys as having a finless torpedo-shaped body that includes a number of markers characteristic of vertebrates.
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                Nuucichthys rhynchocephalus is the first soft-bodied vertebrate from the American Great Basin. Credit: Franz Anthony
            
        

    



"Early vertebrates start to have big eyes and a series of muscle blocks that we call myotomes, and this is something we recognize very well in our fossil," Lerosey-Aubril said.


																																						
    
     




																																			The new species also confirms that, despite their overall similarities to larval fish--having a cavity that is a sort of rudimentary gill system--they were devoid of fins and therefore had limited swimming capabilities.

"But all of these characteristics clearly point to some vertebrate affinities," Lerosey-Aubril said. "And because it's very early in the evolution of the vertebrates, they don't have bones yet--this is why these fossils are exceedingly rare."

Lerosey-Aubril and Ortega-Hernandez speculate that Nuucichthys likely lived high up in the water column of the ocean. Because of this, and because it possessed no biomineralized parts like bones or a shell, it was particularly prone to rapid post-mortem degradation and decay, which explains why they were fossilized so rarely.

"What's interesting with this new species is that understanding how the morphology evolved from the invertebrate type to the vertebrate type is difficult without fossils, and this new fossil tells us a little bit about that," Ortega-Hernandez said.

The Drumian Marjum site where the new fossil was found has been intensively investigated since 2022 by an international group of paleontologists led by Lerosey-Aubril and Ortega-Hernandez, and both believe that continuous collecting efforts at this site may result in the discovery of new specimens of Nuucichthys rhynchocephalus in the future.


																																																					
																				
																						More information:
												Rudy Lerosey-Aubril et al, A long-headed Cambrian soft-bodied vertebrate from the American Great Basin region, Royal Society Open Science (2024). DOI: 10.1098/rsos.240350
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A surprising technique has helped scientists observe how Earth's oceans are changing, and it's not using specialized robots or artificial intelligence. It's tagging seals.



										      
																																	Several species of seals live around and on Antarctica and regularly dive more than 100 meters in search of their next meal. These seals are experts at swimming through the vigorous ocean currents that make up the Southern Ocean. Their tolerance for deep waters and ability to navigate rough currents make these adventurous creatures the perfect research assistants to help oceanographers like my colleagues and me study the Southern Ocean.

Seal sensors

Researchers have been attaching tags to the foreheads of seals for the past two decades to collect data in remote and inaccessible regions. A researcher tags the seal during mating season, when the marine mammal comes to shore to rest, and the tag remains attached to the seal for a year.

A researcher glues the tag to the seal's head--tagging seals does not affect their behavior. The tag detaches after the seal molts and sheds its fur for a new coat each year.

The tag collects data while the seal dives and transmits its location and the scientific data back to researchers via satellite when the seal surfaces for air.

First proposed in 2003, seal tagging has grown into an international collaboration with rigorous sensor accuracy standards and broad data sharing. Advances in satellite technology now allow scientists to have near-instant access to the data collected by a seal.


																																						
    
     




																																			New scientific discoveries aided by seals

The tags attached to seals typically carry pressure, temperature and salinity sensors, all properties used to assess the ocean's rising temperatures and changing currents. The sensors also often contain chlorophyll fluorometers, which can provide data about the water's phytoplankton concentration.

Phytoplankton are tiny organisms that form the base of the oceanic food web. Their presence often means that animals such as fish and seals are around.

The seal sensors can also tell researchers about the effects of climate change around Antarctica. Approximately 150 billion tons of ice melts from Antarctica every year, contributing to global sea-level rise. This melting is driven by warm water carried to the ice shelves by oceanic currents.

With the data collected by seals, oceanographers have described some of the physical pathways this warm water travels to reach ice shelves and how currents transport the resulting melted ice away from glaciers.

Seals regularly dive under sea ice and near glacier ice shelves. These regions are challenging, and can even be dangerous, to sample with traditional oceanographic methods.

Across the open Southern Ocean, away from the Antarctic coast, seal data has also shed light on another pathway causing ocean warming. Excess heat from the atmosphere moves from the ocean surface, which is in contact with the atmosphere, down to the interior ocean in highly localized regions. In these areas, heat moves into the deep ocean, where it can't be dissipated out through the atmosphere.

The ocean stores most of the heat energy put into the atmosphere from human activity. So, understanding how this heat moves around helps researchers monitor oceans around the globe.


																																			Seal behavior shaped by ocean physics

The seal data also provides marine biologists with information about the seals themselves. Scientists can determine where seals look for food. Some regions, called fronts, are hot spots for elephant seals to hunt for food.

In fronts, the ocean's circulation creates turbulence and mixes water in a way that brings nutrients up to the ocean's surface, where phytoplankton can use them. As a result, fronts can have phytoplankton blooms, which attract fish and seals.

Scientists use the tag data to see how seals are adapting to a changing climate and warming ocean. In the short term, seals may benefit from more ice melt around the Antarctic continent, as they tend to find more food in coastal areas with holes in the ice. Rising subsurface ocean temperatures, however, may change where their prey is and ultimately threaten seals' ability to thrive.

Seals have helped scientists understand and observe some of the most remote regions on Earth. On a changing planet, seal tag data will continue to provide observations of their ocean environment, which has vital implications for the rest of Earth's climate system.
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AI-assisted analysis suggests elephant-like species extinction rates grew when humans arrived
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                Analysis of the proboscidean fossil record using the BDNN model. Credit: Science Advances (2024). DOI: 10.1126/sciadv.adl2643
            
        

    


A pair of paleobiologists at the University of Fribourg and Swiss Institute of Bioinformatics, in Switzerland, working with a colleague from Museo Nacional de Ciencias Naturales, in Spain, has found evidence suggesting that humans were responsible for proboscidean species extinction rates increasing over the past 1.8 million years.



										      
																					In their paper, published in the journal Science Advances, Torsten Hauffe, Daniele Silvestro and Juan Cantalapiedra, describe how they used an AI application to provide insight into extinction rates for proboscidean species over a nearly 2-million-year span.

Prior research has suggested that hunting by early modern humans and climate change were responsible for the demise of several species of proboscideans, which included wooly mammoths and mastodons. In this new study, the researchers found evidence suggesting that the evolution of humans led to the extinction of nearly 30 species of trunked animals over millions of years.

Understanding the factors that cause an animal to go extinct, especially in the distant past, can be challenging to say the least. In most cases there were multiple factors, such as changes to an environment or ecosystem, changes in physiology, or the introduction of a new predator.

Because of this, most studies on the extinction of a given creature from the distant past have focused on a single factor. To overcome this problem, the researchers used a neural network-based AI system that allowed extinction assessments using large numbers of factors.

To use the system, the research team input fossil and other data for 2,118 proboscidean species going back 35 million years. They also fed the system 17 physiological and environmental factors that could have impacted the chances of a species' survival. This included the arrival of the first humans on the scene approximately 1.8 million years ago, and the ascent of modern humans 129,000 years ago.

When the team ran the system, it showed the largest single factor involved in raising extinction rates for up to 30 species of proboscideans, was the presence of humans--and it began shortly after humans arrived on the scene. The system also showed that rates of extinction grew even faster after modern humans arrived. Today, just three elephant species survive.


																														
																				
																						More information:
												Torsten Hauffe et al, Trait-mediated speciation and human-driven extinctions in proboscideans revealed by unsupervised Bayesian neural networks, Science Advances (2024). DOI: 10.1126/sciadv.adl2643
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The human eye registers three colors of light: red, green and blue. But pigeons (and many other animal species) can also see a fourth color, ultraviolet.



										      
																																	The "four-dimensional" color space pigeons see may contain millions more colors than ours. To a pigeon, for example, many flowers show patterns that are invisible to us.

Despite the long history of close association between our species, we might say humans and pigeons live in quite different worlds. If different species effectively live in different worlds, does that mean our biology constructs reality?

The question of whether reality exists outside or inside our heads has troubled philosophers for millennia. In a recent paper published in Phenomenology and the Cognitive Sciences, my colleague Andre Sant'Anna and I propose a pragmatic way to resolve this dilemma, based on inquiry and action.

How many worlds are there?

There is a long tradition in philosophy called "realism." In the realist view, there is just one world with pre-given features that are independent of the mind observing them--and discovering these features is the job of science.

But if something is entirely independent of our minds, how can we know it with our minds? Isn't this a contradiction in terms?

So there is an equally long history of philosophical argument that the features of reality somehow depend on experience. These thinkers claim that reality does not come pre-carved (at what Plato famously described as a natural set of "joints"). There are as many worlds as there are sets of experiences, and each set of experiences creates a unique perspective (or what Edmund Husserl called a "life-world").

This deep dispute over the nature of reality and worlds has arisen in almost every generation of philosophers.


																																						
    
     




																																			How do our bodies shape our experience of the world?

There is an increasingly popular alternative to traditional realism called "enactivism," which draws inspiration from cognitive science.

Enactivism made its debut in 1990, in a book by Francisco J. Varela, Eleanor Rosch and Evan Thompson called The Embodied Mind. Bringing together scientific biology, Husserl's life-worlds and Buddhist philosophy, the authors theorized that just as a living creature grows and repairs its own body, it "enacts" its own environment as having features of importance to itself, such as food or danger.

As Thompson later wrote, "a cognitive being's world--whatever that being is able to experience, know, and practically handle--is conditioned by that being's form or structure."

The limits of the life-world

On the face of it, though, enactivism leaves certain important questions unanswered.

First, how do species successfully interact with each other when their perceptual capacities seem to put them in quite different life-worlds? For instance, during the first world war, a pigeon named Cher Ami heroically carried a message that saved the lives of 200 British soldiers despite being shot down by enemy fire, for which he was awarded a gold medal.

Second, it seems scientists should be able to investigate how different species' different bodies create different perceptual experiences. But if all species--including ourselves--are "locked up" in their own life-worlds, such inquiry is impossible.

These two issues are what we set out to resolve in our recent paper.


																																			Do shared experiences and actions create reality?

We propose a new alternative to the dilemma of understanding reality as either pre-given or located in subjective individual experiences, drawing on the ideas of pragmatist philosopher Charles Peirce. We argue for an inquiry-based realism, whereby reality depends on our minds but is still public and objective.

As we explain it, reality is grasped through pragmatic agreement. This means individuals align their expectations about what others will do in similar lived situations.

So, for instance, although a WWI soldier and a pigeon with their different eye structures perceive a shooting enemy quite differently, they pragmatically agree that he is dangerous when they both move away. As we saw with Cher Ami, humans and pigeons can also agree on the supreme importance of reaching "home base" with a delivery.

This highlights a key characteristic of pragmatist philosophy. It does not define cognition as a kind of consciousness, an idea that has led to apparently insoluble philosophical problems.

Rather, pragmatists view knowledge of reality as implicit in what we can do, most especially what we can do with others.


																																						
    
     




																																			Pragmatic agreement with other species

Of course, there will be many matters on which different species do not currently have pragmatic agreement. For instance, while humans and pigeons both understand the danger of an enemy firing a gun, it would be lost on a dung beetle happily feeding in the same WWI trench.

But we should not hastily conclude from this that reality must always be plural. Peirce's inquiry-based account of reality expresses an optimistic hope that over time we can find ways to bring species into ever greater pragmatic agreement.

What is required is that we put ourselves into the same environments, do similar things, and develop shared goals. Thus Peirce defined truth as "the opinion which is fated to be ultimately agreed to by all who investigate."

We believe our account provides a nuanced and original vision of reality for enactivism. It allows creatures' unique perceptual powers a role in shaping their own reality, but it also allows that reality is objective, in a different way than traditional realism.

We are arguably only beginning to understand how to understand the realities in which non-human animals live. Peirce's philosophy shows us how such understanding can be achieved over time. And if we can manage to increase our pragmatic agreement with other species, we stand to receive many gifts in widening the reality in which we ourselves live.


																																																					
																				
																						More information:
												Catherine Legg et al, Pragmatic realism: towards a reconciliation of enactivism and realism, Phenomenology and the Cognitive Sciences (2024). DOI: 10.1007/s11097-024-09959-w
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Fort Worth Zoo hits conservation milestone by hatching endangered crocodiles

										 by Maria Salette Ontiveros, The Dallas Morning News										 										 									
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The Fort Worth Zoo made wildlife conservation history, marking the "first-ever repeated" breeding of endangered gharial crocodiles.



										      
																																	"With two new hatchlings of gharial crocodiles this summer, the Zoo remains the only institution in North America to have produced multiple offspring of this species and is now the only North American institution to have repeated this process," reads a July 24 news release from Fort Worth Zoo.

According to the International Union for the Conservative Nature, gharials are classified as critically endangered.

The babies came from eggs laid by two different females within the zoo's gharial group, according to the news release.

"Everyone here at the Fort Worth Zoo is ecstatic to have repeated success with our gharial hatching for the second year in a row," said Vicky Poole, associate curator of ectotherms. "Having two additional hatchlings is a big win for growing the gharial population in zoos and expanding knowledge to help this critically endangered species survive."

Gharials are notable for their long, slender snouts adapted for fishing, and are among the largest crocodilian species, according to Fort Worth Zoo. They are great swimmers that prefer to live in aquatic environments.

Although the hatchlings currently measure about 12 inches, they will grow quickly. Male gharials can reach lengths of up to 16 feet and weigh nearly 1,500 pounds, while females tend to be smaller.


																																						
    
     




																																			Gharial crocodiles face critical endangerment due to habitat destruction, pollution and river fragmentation, according to the zoo.

The zoo built a specialized habitat in 2010 within its Museum of Living Art to combat these challenges. The environment features regulated water temperatures and direct access to wet and dry areas to maintain ideal conditions for the gharials.

The offspring were conceived on June 16 and 22, dates that coincided with the zoo receiving an important award. On June 22, Poole accepted the 2024 Joseph Laszlo Memorial Award from the International Herpetological Symposium, recognizing the Zoo's outstanding work in gharial husbandry and breeding.

The achievement comes after a decade of work by Poole and Fort Worth Zoo's team, according to the zoo, to enhance the species' genetic diversity.

Currently, the hatchlings remain out of public view, where their growth and development are closely monitored. However, the Fort Worth Zoo is offering a chance to see the 2023 hatchlings up close on July 27 and 28 in the Museum of Living Art at the Discovery Hub from 10 a.m. to 2 p.m.
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New study confirms mammal-to-mammal avian flu spread
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A new study provides evidence that a spillover of avian influenza from birds to dairy cattle across several U.S. states has now led to mammal-to-mammal transmission--between cows and from cows to cats and a raccoon.



										      
																																	"This is one of the first times that we are seeing evidence of efficient and sustained mammalian-to-mammalian transmission of highly pathogenic avian influenza H5N1," said Diego Diel, associate professor of virology in the Department of Population Medicine and Diagnostic Sciences and director of the Virology Laboratory at the Animal Health Diagnostic Center (AHDC) in the College of Veterinary Medicine.

Diel is co-corresponding author of the study titled "Spillover of Highly Pathogenic Avian Influenza H5N1 Virus to Dairy Cattle," published in Nature.

Whole genome sequencing of the virus did not reveal any mutations in the virus that would lead to enhanced transmissibility of H5N1 in humans, although the data clearly shows mammal-to-mammal transmission, which is concerning as the virus may adapt in mammals, Diel said.

So far, 11 human cases have been reported in the U.S., with the first dating back to April 2022, each with mild symptoms: four were linked to cattle farms and seven have been linked to poultry farms, including an outbreak of four cases reported in the last few weeks in Colorado. These recent patients fell ill with the same strain identified in the study as circulating in dairy cows, leading the researchers to suspect that the virus likely originated from dairy farms in the same county.

While the virus does have the ability to infect and replicate in people, the efficiency of those infections is low.


																																						
    
     




																																			"The concern is that potential mutations could arise that could lead adaptation to mammals, spillover into humans and potential efficient transmission in humans in the future," Diel said.

It is therefore critical to continue to monitor the virus in affected animals and also in any potential infected humans, Diel said. The U.S. Department of Agriculture has funded programs for H5N1 testing, at no cost to producers. Early testing, enhanced biosecurity and quarantines in the event of positive results, would be necessary to contain any further spread of the virus, according to Diel.

Infections from H5N1 were first detected in January 2022, and have resulted in the deaths of more than 100 million domestic birds and thousands of wild birds in the U.S. The Cornell AHDC's and Texas A&M Veterinary Medical Diagnostic Laboratory scientists were among the first to report detection of the virus to dairy cattle herds. The cows were likely infected by wild birds, leading to symptoms of reduced appetite, changes in fecal matter consistency, respiratory distress and abnormal milk with pronounced decreased in milk production.

The study shows a high tropism of the virus (capability to infect particular cells) for the mammary gland and high infectious viral loads shed in milk from affected animals. The virus is killed by pasteurization, which has insured a safe milk supply.


																																			Using whole genome sequencing of characterized viral strains, modeling and epidemiological information the researchers determined cases of cow to cow transmission when infected cows from Texas were moved to a farm with healthy cows in Ohio. Sequencing also showed that the virus was transmitted to cats, a raccoon and wild birds that were found dead on affected farms. The cats and raccoon most likely became ill from drinking raw milk from infected cows. Though it isn't known how the wild birds became infected, the researchers suspect it may have resulted from environmental contamination or aerosols kicked up during milking or cleaning of the milking parlors.

Kiril Dimitrov, assistant agency director for microbiology and research and development at the Texas A&M Veterinary Medical Diagnostic Laboratory, is also a co-corresponding author.

Co-first authors include Leonardo Caserta, assistant research professor and interim associate director of the Virology Laboratory at AHDC, and Elisha Frye, assistant professor of practice, both in the Department of Population Medicine and Diagnostic Sciences; and Salman Butt, a postdoctoral researcher in Diel's lab. Cornell co-authors include Melissa Laverack, Mohammed Nooruzzaman, Lina Covaleda, Brittany Cronk, Gavin Hitchener, John Beeby, Manigandan Lejeune and Francois Elvinger.


																																																					
																				
																						More information:
												Diego Diel, Spillover of highly pathogenic avian influenza H5N1 virus to dairy cattle, Nature (2024). DOI: 10.1038/s41586-024-07849-4. www.nature.com/articles/s41586-024-07849-4
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Size doesn't matter for mammals with more complex brains, according to new study
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Mammals that have evolved more developed brains tend to have a smaller size difference between males and females of that species, according to new research led by the University of Bath and published in Nature Communications.



										      
																																	In many mammal species, the males can be bigger than the females (or vice versa), a trait called sexual size dimorphism (SSD). For example, male elephant seals are around three times bigger than females. In contrast, dolphins have no difference in sizes between the sexes. Humans are somewhere in between, with the average male being larger than the average female, but across the population there is an overlap.

To understand how this trait is associated with genome evolution, scientists from the Milner Center for Evolution at the University of Bath looked at similarities between the genomes of 124 species of mammals.

They grouped the genes into families of similar functions and measured the size of these gene families. They found that those species with a big difference in size between the sexes had bigger gene families linked to olfactory functions (sense of smell) and smaller gene families associated with brain development.

Therefore, this could also mean that those species with very little difference in sizes between males and females (termed monomorphic) had bigger gene families associated with brain development.

The authors suggest that in species with a large SSD, traits such as the sense of smell could be important for identifying mates and territories. In contrast, mammals with a smaller SSD are potentially investing in their brain development and tend to have more complex social structures. This means they compete for mates using other means than simply using size to select who to breed with.



    
    
    
        
        
    
         
             
         

        Credit: University of Bath
  

Dr. Benjamin Padilla-Morales, from the Milner Center for Evolution at the University of Bath led the research. He said, "We were surprised to see such a strong statistical link between a large SSD and expanded gene families for olfactory function. Even more interestingly, the gene families under contraction were linked with brain development.

"This could mean that those species with a small SSD have bigger gene families associated with brain function and tend to show more complex behaviors such as biparental care and monogamous breeding systems.

"It shows that while size in some species is an important sexual selection pressure for evolution, for others it doesn't matter so much.

"It makes us ask the question how traits like SSD are shaping the evolution of our brains and genomes."

In future work, the researchers want to investigate how testes size impacts the evolution of mammals' genomes.


																																																					
																				
																						More information:
												Benjamin Padilla-Morales et al, Sexual size dimorphism in mammals is associated with changes in the size of gene families related to brain development, Nature Communications (2024). DOI: 10.1038/s41467-024-50386-x
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Washington state nears a plan to remove key culverts for salmon-after spending $4 billion
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As the Washington State Department of Transportation spends billions of dollars removing concrete and metal pipes that block spawning salmon, another state agency is finally finishing a strategy to fix all the state's fish migration barriers.



										      
																																	Department of Fish and Wildlife officials have revealed key parts of a plan to prioritize which of tens of thousands of these man-made blockages would, if replaced, bring back the salmon.

Without the strategy--which has taken more than four years to produce--the administration of Gov. Jay Inslee has been sinking billions into stream restorations that, in many cases, are ineffective or useless today.

Construction crews have ripped out the pipes, known as culverts, which run under state highways and replaced them with natural streambeds, but a Seattle Times investigation in March found the state was investing tens, even hundreds of millions of dollars, in so-called "orphan" culverts.

In many cases, The Times found that, even after the state removed a fish-blocking culvert, there were still barriers on those streams owned by other entities, effectively preventing salmon from swimming up to or far past the state's expensive project.

Overall, the Washington State Department of Transportation has spent or committed nearly $4 billion to removing barriers as part of a federal court order, and asked the Legislature last year for an additional $3.5 billion to $4 billion more to finish its list.

"I think there have been dollars spent at the state level on removing culverts that maybe weren't as strategic as they could have been," said Rep. Steve Tharinger, D-Port Townsend, chair of the House Capital Budget Committee. "And to be honest, I think it's eroding a little bit of public support for salmon recovery."


																																						
    
     




																																			The newly-released prioritization system would begin with a statewide "mathematical optimization"--an algorithm--to determine which construction projects to begin first, in order to maximize public investment in salmon and orca recovery.

"Optimization tends to work very well across a very broad area where you have a large number of barriers," said Phil Roni, a fisheries scientist contracted by the state to help lead the prioritization. He presented aspects of the plan to the state's Brian Abbott Fish Barrier Removal Board, which awards grants for local restoration projects.

The formula would consider the length of habitat upstream, whether a replacement would benefit Chinook salmon (which are food for endangered orca), and whether the project would help other threatened or endangered species. Also, it would prioritize culverts that are downstream of other barriers--to avoid "orphan" projects.

A federal judge ordered the state in 2013 to repair or replace its culverts blocking salmon and steelhead in Western Washington, whether or not there were other barriers on the same stream. A group of 21 tribal nations had sued the state because culverts cut off habitat for spawning salmon, and the judge, Ricardo Martinez, found the state violated the tribes' treaty-based fishing rights.

But the court order only applied to state-owned culverts, not the thousands of others blocking salmon across the state. They might be owned by cities, counties, railroads and other private parties. Any landowner with a culvert that blocks migrating salmon is technically violating state law, but today the state doesn't force people to replace them, although the state is developing rules to encourage or force compliance.


																																			In 2020, leaders in the state Legislature spotted the need to coordinate spending with the culvert removal projects under the federal court order, and called for the prioritization strategy.

"We really need to be comprehensive if we want to successfully recover salmon," said Carl Schroeder, a fish barrier board member representing the Association of Washington Cities. "Hopefully (the strategy) will provide opportunities for some of our communities that just aren't going to be able to do this without grant support or state support."

After the Legislature asked for the strategy in early 2020, the COVID pandemic delayed planning. A state hiring freeze slowed the hiring of a fish passage strategist.

Still, some observers are frustrated it has taken more than four years to finish a report, while a gusher of government funds were available for culvert replacements.

In the intervening years, the federal government earmarked more than a billion dollars for culvert replacements under the Bipartisan Infrastructure Law, and WSDOT spent billions of mostly state dollars replacing its own culverts. Many projects in Washington won federal grants, but they weren't necessarily the state's highest priorities for salmon recovery or complementary to WSDOT projects.

Meanwhile, salmon populations have continued to decline.


																																						
    
     




																																			Last summer, the state convened a panel of scientists to determine the best criteria and method to prioritize fish passage barriers. The science panel met eight times and came up with its draft recommendations this summer.

The state is spending about $418,000 on consultants, state fish passage strategist Jane Atha said.

The team, which includes consultants Triangle Associates and Cramer Fish Sciences, is also recommending regional salmon recovery groups score barriers based on specific criteria.

That local scoring, coupled with the statewide prioritization, would allow grantmakers to pick the best culverts and streams.

Atha and Roni acknowledged one key concern: data. Because culverts are so ubiquitous--think of the thousands of places in Washington where streams and roads cross--the state doesn't have a complete inventory of all barriers on salmon streams.

Cities have surveyed their barriers in Western Washington, but counties, which have the most extensive road networks and thus more barriers, have not finished their inventories. Much work remains east of the Cascades.

"A prioritization strategy is really only as good as the data that it draws upon," said Steve Manlow, who represents regional salmon recovery groups on the board.

There also isn't a complete inventory of privately owned barriers, such as small dams used for irrigation.

What's more, culvert assessments should be redone every 10 years to account for changing stream conditions and other factors, said Tom Jameson, fish passage manager at the Washington Department of Fish and Wildlife.

The department has nine crews for surveying barriers, with two people per crew, Jameson said. He added that funding is limited for hiring new crews.

This month, the Department of Fish and Wildlife circulated a draft of the prioritization strategy among tribes, seeking feedback. Atha expects to have a final strategy by December, after public input.

It's around that time the Department of Transportation will be back in front of the Legislature, revisiting its request for up to $4 billion more to fix the court-ordered culverts.
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Far north of iconic wine regions like Bordeaux and Tuscany, Sweden is seeing a burgeoning industry of vineyards and a first generation of winemakers trying to carve out a niche.



										      
																																	"There are millions of techniques, and I don't have a grandfather or grandmother to ask. So we need to figure it out ourselves," Lena Magnergard, 64, told AFP as she walked through the short rows of grapevines at the Selaon vineyard an hour west of Stockholm.

The former communications professional started the vineyard, the most northern Swedish site to have produced its own wine according to Magnergard, together with her farmer husband Erik Bjorkman in 2019 on the family farm.

They produced their first wine in 2021 but Magnegard, a trained sommelier, is quick to admit that as keepers of some 1,000 vines they are still learning.

"Of course you can read up in books, but that is nothing like generational knowledge," she said, adding that they mostly look to France and its centuries of winemaking tradition as the gold standard.

According to Magnergard, the emergence of wineries this far north is largely thanks to the development of new breeds of grapes in the 1960s and 70s, such as Solaris--which was developed to be resistant to disease and is the main grape grown at Selaon.

Resistance to cold

"What they then discovered about these grapes, by pure chance, was two things--they need less time between blooming and harvesting and they can handle cold very well," Magnergard said.

That combination was perfect for the Nordic region, where summers are both shorter and colder.


																																						
    
     




																																			In the south of Sweden, on the Bjare peninsula, Solaris also dominates the 11-hectare Thora Vineyard--started in 2015 by a Swedish-American couple.

But it also features more well-known grapes such as Pinot noir--which is less expected so far north due to it requiring more heat.

For French-born winemaker Romain Chichery, who started working on the vineyard together with colleague Emma Berto three years ago, Sweden is "a new playground".

The 27-year-old wine specialist admitted to AFP that they "didn't expect so many varieties to take.

"Once we had analyzed the climatic data, we realized that there was potential for many varieties and not just hybrid varieties, which are interesting but not the only solution" for Swedish soils, he added.

As a warmer climate is disrupting harvests in traditional wine-growing areas, professional wine growers have begun to look further north.

However, the Scandinavian country is not exempt from the variations of the climate.

"We have extremes, just like everywhere else in Europe," Chichery noted.

At the same time, exploring a new frontier of wine also frees winemakers from old established rules.

"We're free to do what we want. If I want to make a red with a little residual sugar, so a slightly sweet red, I can do that," he said.

In Sweden, the industry has picked up speed in recent years and the country is now home to some 50 commercial vineyards of varying sizes.

According to industry group Svenskt Vin, 200 hectares are now being cultivated, which while twice as many as five years ago is little compared to the 800,000 hectares devoted to viticulture in France.

For Murat "Murre" Sofrakis, the figure is still unimpressive, and the 56-year-old foresees much greater things in the future.

Sofrakis runs a small vineyard in the far south of Sweden but is a champion of Swedish winemaking.


																																			Equal terms

"There are two kinds of people. One is the entrepreneur that sees opportunity here... and for the other people, it's like a lifestyle," he told AFP.

For him, the aim is to invigorate the industry, and he believes a recent liberalization of the Swedish strict alcohol monopoly should help.

In June, Sweden's government announced it wanted to allow breweries, distilleries and winemakers to sell alcoholic beverages directly to customers visiting their operations.

Apart from bars and restaurants, Swedes can only buy beverages with an alcohol content above 3.5 percent at state-run outlets called Systembolaget, and some authorized retailers in rural areas.

The proposal to allow winemakers to sell three liters of wine to visitors is currently being reviewed but the government said it hopes to see it implemented in the first half of 2025.

"It's the first time we've been able to compete on equal terms with the rest of the wine world, and that's very important," Sofrakis said.

He started in 2001, just two years after the European Union gave permission for vines to be grown commercially in Sweden.

"If we'd had this 20 years ago, Swedish winegrowing would be much bigger," he said.
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                Timing of sample collection across an exemplary ovulatory cycle of 28 days. Patterns of conception risk, ovarian hormones, cycle length and timing of ovulation are idealized for illustration. Depicted are the three ovarian hormones relevant to our study with luteinizing hormone abbreviated as LH. Credit: Proceedings of the Royal Society B: Biological Sciences (2024). DOI: 10.1098/rspb.2023.2712
            
        

    


Who we choose as a partner depends in part on who we find attractive on the outside. Scientists have long wondered whether potential partners can also sense a woman's fertility, for example through subtle changes in her body odor.



										      
																																	Researchers from Leipzig University, the Max Planck Institute for Evolutionary Anthropology and the University of Gottingen have now turned their attention to this question. In a new study, published in Proceedings of the Royal Society B: Biological Sciences, they not only looked at how men rated women's odors on different days, but also, for the first time, carried out a chemical analysis of the odor samples. Using both methods, they found no evidence that women smell more attractive to men on their fertile days.

The researchers combined two methods to test whether and how body odor changes during the female cycle and whether men perceive it differently depending on the day of the cycle. They took samples of underarm odor from 29 women on 10 days spread over a menstrual cycle, with more samples taken during the fertile period. A group of 91 men were then asked to rate the odor samples. In 16 of the women, the research team also looked at whether the chemical composition of the odor samples differed between the women's fertile and infertile days.

The results of both tests pointed in the same direction: there was no evidence from the odor ratings that men found a woman's odor more attractive--and therefore that they preferred her--on her fertile days than on her infertile days. Chemical analysis of the odor samples also showed no correlation between the composition of the underarm odor and the women's current fertility status.
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                Ratings for axillary attractiveness predicted by conception risk. Ratings on the y-axis range from extremely unattractive ([?]5) to extremely attractive (+5). Credit: Proceedings of the Royal Society B: Biological Sciences (2024). DOI: 10.1098/rspb.2023.2712
            
        

    





																																						
    
     




																																			New results from combined and more stringent methods

There is some controversy in the research literature about the theory that a woman's body odor smells better to men around ovulation than on infertile days. The findings from Leipzig and Gottingen now add to our understanding of body odor and hormonal influences.

Madita Zetzsche, biologist and first author of the study, explains that the results of her research differ from some previous studies because of the combined and more robust methodology.

"The female cycle is an incredibly complex process. This makes research into the effects associated with the cycle very challenging, especially when it comes to finding the right methodology," explains Zetzsche.

For example, in most previous studies, women's fertile days were determined based only on the length of their cycle, whereas the new analysis also confirmed the day of ovulation using hormones, which is much more accurate.

"We now have more robust methods at our disposal. This means that it is possible that newer and more methodologically rigorous studies will come to different conclusions than those of 10 years ago."

Zetzsche adds that there are still no agreed methodological standards for investigating cycle-related perceptual effects, such as changes in body odor perception between fertile and non-fertile days.

Professor Lars Penke, a psychologist at the University of Gottingen, led the perceptual analysis in the research project. He said, "We hope that the results of our study will help to keep the dialogue in this field of research open and that further collaboration will pave the way for a robust methodological standard. This would also help us to re-examine the findings of older studies."


																																			More in-depth research into the chemical and evolutionary aspects of body odor

The research team sees its new study as an important contribution to the question of how and whether changes in body odor can be detected chemically, a question that has remained unanswered for decades.

Professor Anja Widdig, a biologist from Leipzig University who led the chemical analysis, says, "We hope that this study will inspire further research that looks more closely at the chemical component of body odor."

Evolutionary issues are another focus of the research. "In some non-human primates, my team and I have managed to demonstrate a link between body odor and fertility. How this phenomenon has developed in the course of human evolution is therefore of great interest to us."


																																																					
																				
																						More information:
												Madita Zetzsche et al, Combined perceptual and chemical analyses show no compelling evidence for ovulatory cycle shifts in women's axillary odour, Proceedings of the Royal Society B: Biological Sciences (2024). DOI: 10.1098/rspb.2023.2712
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Study reveals close host-symbiont interactions in deep-sea chemosynthetic tubeworm
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                Natural habitat, gas exchange system, trophosome, and endosymbionts of the deep-sea siboglinid tubeworm P. echinospica. Credit: Science Advances (2024). DOI: 10.1126/sciadv.adn3053
            
        

    


Vestimentiferan tubeworms, unique deep-sea dwellers lacking a digestive system, rely on a symbiotic partnership with sulfide-oxidizing endosymbiotic bacteria (endosymbionts) for nutrients. Living in chemosynthetic ecosystems like hydrothermal vents and cold-seeps, these worms house the endosymbionts in a specialized organ, facilitating gas exchange to fuel the microbes' organic matter production, leading to the tubeworms' remarkable growth and dense communities.



										      
																																	Species like the giant tubeworm Riftia pachyptila exhibit exceptional growth rates, with documented annual increases in tube length exceeding 85 cm. Such extraordinary productivity suggests a highly efficient metabolic process, likely driven by numerous adaptations co-evolved by tubeworm host and endosymbionts.

To unravel the complexities of host-symbiont interactions in these fascinating deep-sea creatures, a joint research team from the Institute of Oceanology of the Chinese Academy of Sciences (IOCAS) and the Hong Kong University of Science and Technology employed single-cell RNA sequencing technology.

The study is published in Science Advances.

Researchers and the "Faxian" remotely operated vehicle team developed a deep-sea in situ single-cell fixation system, enabling them to analyze the trophosome of the deep-sea tubeworm Paraescarpia echinospica.

Single-cell RNA sequencing coupled with complementary molecular analyses enabled the construction of a cellular atlas of the tubeworm trophosome. Results reveal distinct cell populations within the trophosome expressing genes associated with gas transport and metabolite shuttling, suggesting the formation of a biochemical gradient facilitating chemosynthetic substrate delivery from the trophosome periphery towards its center.
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                Photographic image of remotely operated vehicle "Faxian" collecting a Paraescarpia echinospica tubeworm during 2020 cruise at "F-site" cold-seep. Credit: IOCAS
            
        

    



"We identified two distinct bacteriocyte populations occupying separate microenvironments within each trophosome lobule," said Dr. Wang Hao, first author of the study. "These results collectively demonstrate the tubeworm's precise control over gas and metabolite distribution, establishing oxygenated peripheral and hypoxic central metabolic microenvironments within the trophosome."


																																						
    
     




																																			Intriguingly, integrated analysis of the symbionts' key metabolic pathways suggests a spatial correlation between their metabolic state and location within the lobules. Bacteriocytes residing in the oxygen-rich periphery actively perform carbon fixation, a process of organic matter production.

Conversely, those inhabiting the hypoxic center engage in denitrification, potentially aiding the host in eliminating ammonia waste. This spatial organization within the tiny trophosome lobules allows for efficient nutrient production alongside waste detoxification.

"Our present study sheds light on common principles of symbiosis and environmental adaptation in deep-sea animals, and brings new insights into the interactions between microbes and their animal hosts," said Dr. Wang.

"Our study's workflow presents a novel experimental paradigm for generating molecular-level characterizations. This approach may facilitate investigation of biological adaptation in diverse non-model organisms, particularly the marine animals."


																																																					
																				
																						More information:
												Hao Wang et al, Single-cell RNA-seq reveals distinct metabolic "microniches" and close host-symbiont interactions in deep-sea chemosynthetic tubeworm, Science Advances (2024). DOI: 10.1126/sciadv.adn3053
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New Zealand's flightless birds are retreating to moa refuges
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                Crested Moa. Pachyornis australis. Credit: From the series Extinct Birds of New Zealand., 2005, Masterton, by Paul MarSnson. Te Papa (2006-0010-1-19)
            
        

    


Researchers have found New Zealand's endangered flightless birds are seeking refuge in the locations where six species of moa last lived before going extinct.



										      
																																	An international team of researchers, led by scientists from the University of Adelaide, used fossils and computer modeling to make the discovery, shedding light on a mystery with important conservation benefits.

"Our research overcame past logistical challenges to trace the population dynamics of six species of moa at resolutions not considered possible before," said senior author Associate Professor Damien Fordham, from the University of Adelaide's Environment Institute.

"We did this by combining sophisticated computational models with extensive fossil records, paleoclimate information, and innovative reconstructions of colonization and expansion of people across New Zealand.

"Our research shows that despite large differences in the ecology, demography and timing of extinction of moa species, their distributions collapsed and converged on the same areas on New Zealand's North and South Islands."

This recent discovery, published in Nature Ecology & Evolution, found these moa graveyards to be in the same isolated, cold, mountainous environments that today harbor many of the last populations of New Zealand's most threatened flightless birds. These include Mount Aspiring on the South Island, and the Ruahine Range on the North Island.

"Populations of moa are likely to have disappeared first from the highest quality lowland habitats that Polynesian colonists preferred, with rates of population declines decreasing with elevation and distance traveled inland," said lead author Dr. Sean Tomlinson, from the University of Adelaide.
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                Inter-specific variation in rate of range contraction and population decline. Credit: Nature Ecology & Evolution (2024). DOI: 10.1038/s41559-024-02449-x
            
        

    



"By pinpointing the last populations of moa and comparing them with distributions of New Zealand's living flightless birds, we found that these last havens shelter many of today's persisting populations of takahe, weka and great spotted kiwi."

"What's more, these ancient refugia for moa overlap with the last mainland populations of the critically threatened kakapo".


																																						
    
     




																																			Although recent drivers of the decline of New Zealand's native flightless birds are different from those that caused the ancient extinctions of moa, this research shows that their spatial dynamics remain similar.

"The key commonality among past and current refugia is not that they are optimal habitats for flightless birds, but that they continue to be the last and least impacted by humanity," said author Dr. Jamie Wood, also from the University of Adelaide's Environment Institute.

Like earlier waves of Polynesian expansion, habitat conversion by Europeans across New Zealand, and the spread of the animals they brought, was directional, progressing from lowland sites to the less hospitable, cold, mountainous regions."

This new research shows that the ghosts of species past can provide invaluable insights for conservation efforts directed at New Zealand's living flightless birds, highlighting the immense importance of protecting remote, wild places.

It also provides an important new method for understanding past extinctions on islands where fossil and archaeological data are limited, which is the case for most Pacific Islands.


																																																					
																				
																						More information:
												Sean Tomlinson et al, Ecological dynamics of moa extinctions reveal convergent refugia that today harbour flightless birds, Nature Ecology & Evolution (2024). DOI: 10.1038/s41559-024-02449-x
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Isle of Skye discovery suggests ancient mammals had longer lifespans than modern counterparts

										

    
        
            [image: Discovery on Isle of Skye suggests ancient mammals may have had longer lifespans than modern counterparts]
             
                Artist impression of Krusatodon kirtlingtonesis. Credit: Maija Karala
            
        

    


A team of paleontologists and natural science specialists from the U.K., the U.S. and France reports that ancient fossil evidence uncovered on Scotland's Isle of Skye suggests small mammals living millions of years ago may have had longer developmental periods and lifespans than those alive today.



										    
																					In their study, published in the journal Nature, the group focused on mouse-sized mammals that lived during the Middle Jurassic.

Prior research has shown that compared to large mammals, smaller mammals tend to grow more rapidly after birth until reaching maturity, and they also tend to have shorter life spans. To ensure survival, small mammals generally have large litters. But that may not have always been the case as new evidence suggests some small mammals may once have developed more slowly and lived much longer lives.

For this new study, the research team took a close look at Docodonta, an early order of small mammal that lived during the Early Cretaceous. The fossilized partial remains of one adult and one juvenile Krusatodons were recovered. The adult was uncovered back in 1972, the juvenile in 2016. Both were dated to approximately 166 million years ago, a time when the small mammals were living among dinosaurs.
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                    Dr. Elsa Panciroli holds the juvenile Krusatodon kirtlingtonesis fossil (lower, dark bones). Credit: Duncan Mc Glynn
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                    National Museums Scotland's Dr. Elsa Panciroli examines two krusatodon kirtlingtonesis fossils. Credit: Duncan Mc Glynn
                
            

        

    

In studying the incremental growth of the teeth, the researchers were able to learn about the age of the animals at death and their rate of development. The adult was found to be approximately 7 years old and the juvenile, 7 to 24 months. The juvenile was also in the middle of replacing its baby teeth with adult teeth. Other bones suggested the adult had weighed approximately 58 grams and the juvenile a little more than half that.

Further analysis showed that the juvenile was taking longer to reach maturity than would be typical for a modern mammal similar in size. The researchers suggest that indicates a longer development period for the creature and likely a longer lifespan.

It also suggests other mammals of the time may have also had slower development rates and longer lifespans--but the team notes that more work is required to find out if that was the case.


																														
																				
																						More information:
												Elsa Panciroli et al, Jurassic fossil juvenile reveals prolonged life history in early mammals, Nature (2024). DOI: 10.1038/s41586-024-07733-1
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Bat evolution study supports gliding-to-flying hypothesis

										

    
        
            [image: University of Washington researchers take flight with new insights on bat evolution]
             
                Bats are the only mammals capable of powered flight and have correspondingly specialized body plans, particularly in their limb morphology. Credit: Zdenek Machacek
            
        

    


In new research published in PeerJ, researchers from the University of Washington, University of Texas at Austin and Oregon Institute of Technology, led by undergraduate student Abby Burtner, have advanced our understanding of the evolutionary origins of flight in bats.



										      
																																	The study, titled "Gliding toward an Understanding of the Origin of Flight in Bats," employs phylogenetic comparative methods to explore the evolutionary transition from gliding to powered flight in these unique mammals.

Bats are the only mammals capable of powered flight, a feat enabled by their highly specialized limb morphology. However, the evolutionary pathway that led to this capability has remained elusive due to an incomplete fossil record. The team's research provides significant insights by testing the hypothesis that bats evolved from gliding ancestors.

The research team analyzed a comprehensive dataset of limb bone measurements that included four extinct bats and 231 extant mammals with various locomotor modes. Their findings reveal that gliders exhibit relatively elongate forelimb and narrower hindlimb bones that are intermediate between those of bats and non-gliding arboreal mammals. Evolutionary modeling of these data offers support for the hypothesis that selection may be strong on certain forelimb traits, pulling them from a glider towards a flyer adaptive zone in bats.



    
    
    
        
        
    
         
             
         

        Credit: PeerJ
  

"We propose an adaptive landscape of limb bone traits across locomotor modes based on the results from our modeling analyses," said Dr. Santana. "Our results, combined with previous research on bat wing development and aerodynamics, support a hypothetical evolutionary pathway wherein a glider-like forelimb morphology preceded the evolution of specialized bat wings."

This study not only supports the gliding-to-flying hypothesis but also challenges the traditional view of bat and glider limb evolution. The researchers emphasize the need for future studies to test the biomechanical implications of these bone morphologies and to consider the complex genetic and ecological factors that influenced the evolution of bat-powered flight.

"Our findings contribute to the hypothesis that bats evolved from gliding ancestors and lay a morphological foundation in our understanding of bat flight," Dr. Law added. "However, we stress that additional fossils are necessary to truly unravel the mysteries of this remarkable evolutionary transition."


																																																					
																				
																						More information:
												Gliding toward an understanding of the origin of flight in bats, PeerJ (2024). DOI: 10.7717/peerj.17824
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Ancient marine animal had inventive past despite being represented by few species, new study finds
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                Triassic brachiopod fossils; right: Recent brachiopod shells. Credit: Zhen Guo
            
        

    


Brachiopods were evolving in new directions but this did not become an evolutionary success in terms of the numbers of species, researchers at the University of Bristol, the Open University, and the China University of Geosciences have found.



										      
																																	The findings, published today in Nature Ecology & Evolution, shed light on some core principles of the evolution of modern biodiversity.

In the current oceans, mollusks such as clams, oysters, and snails are hugely diverse, with over 50,000 species, whereas brachiopods are rare by comparison, with only 394 species known. But this was not always the case. The team found that brachiopods were evolving new shell shapes and ecological behaviors following the end-Permian mass extinction, which compromised their numbers.

"In the Paleozoic, from 540 to 250 million years ago, brachiopods ruled the seabed," said Dr. Zhen Guo of the China University of Geosciences, who led the study. "Brachiopods are sometimes called lamp shells, and they generally sit on the sea floor, filtering tiny food particles from seawater. Most of them are quite small-you could hold twenty of them in your hands; but others were big and thick-shelled and lived a long time. Their shells were anything from circular to widely-stretched, and they had either smooth shells or carried deep ridges and troughs."

"The brachiopods were hit very hard by the end-Permian mass extinction 252 million years ago," said Professor Michael Benton of the University of Bristol's School of Earth Sciences, a collaborator. "The group could have disappeared completely, and indeed, from that point, mollusks just became more and more successful. For a long time, it was thought that the brachiopods remained rare because the survivors were stuck in just a few modes of life."


																																						
    
     




																																			Dr. Tom Stubbs of the Open University added, "In fact, the post-extinction brachiopods were innovating and trying new modes of life. One group, the terebratulids, were diversifying their body shapes and ecological functions from the end of the Permian to the present day, but their diversity did not increase."
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                Reconstructions of some Meso-Cenozoic brachiopods, showing adaptations to certain environments. Credit: Shunyi Shi.
            
        

    



"This was quite unexpected," said Professor Zhong-Qiang Chen of the China University of Geosciences. "Brachiopods were far from failures after the end-Permian extinction. They were evolving in new directions and exploring new modes of life, just as the mollusks were at the same time. But this did not turn into evolutionary success in terms of the numbers of species. Despite their bursts of evolution in form and function, they could not spread widely, and the exact reason remains unclear."

The new study is based on analysis of a database of more than 1,000 genera of brachiopods from the past 250 million years. For each genus, the analysts recorded dozens of measurements of the overall shape of the shells, their external sculpture, and internal anatomy.

These features were analyzed together to provide measurements of the overall diversity of shapes for each major brachiopod group at each point in time. This measure of "diversity of shape," usually called disparity, could then be compared from point to point in time to show a measure of shape innovation, and it can be compared with counts of the numbers of species or genera through the same time spans.

"Our study took a huge amount of effort," said Zhen Guo. "But it's important to understand modern biodiversity in terms of the processes that lie behind it.

"If we simply look at modern brachiopods, we have no understanding of their rich past history and how innovative they have been in evolutionary terms. But our discovery that disparity and diversity are decoupled in brachiopod history is new and unexpected. Brachiopods were pretty inventive in evolving new shell forms, but it did not translate into many new species."


																																																					
																				
																						More information:
												Zhen Guo et al, Morphological innovation did not drive diversification in Mesozoic-Cenozoic brachiopods, Nature Ecology & Evolution (2024). DOI: 10.1038/s41559-024-02491-9
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Scientists publish first experimental evidence for new groups of methane-producing organisms
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                Montana State University scientists have found evidence that tiny organisms living in Yellowstone National Park's hydrothermal area produce methane. Credit: Roland Hatzenpichler
            
        

    


A team of scientists from Montana State University has provided the first experimental evidence that two new groups of microbes thriving in thermal features in Yellowstone National Park produce methane--a discovery that could one day contribute to the development of methods to mitigate climate change and provide insight into potential life elsewhere in our solar system.



										      
																																	The journal Nature this week published the findings from the laboratory of Roland Hatzenpichler, associate professor in MSU's Department of Chemistry and Biochemistry in the College of Letters and Science and associate director of the university's Thermal Biology Institute.

The two scientific papers describe the MSU researchers' verification of the first known examples of single-celled organisms that produce methane to exist outside the lineage Euryarchaeota, which is part of the larger branch of the tree of life called Archaea.

The methane-producing single-celled organisms are called methanogens. While humans and other animals eat food, breathe oxygen and exhale carbon dioxide to survive, methanogens eat small molecules like carbon dioxide or methanol and exhale methane. Most methanogens are strict anaerobes, meaning they cannot survive in the presence of oxygen.

Scientists have known since the 1930s that many anaerobic organisms within the archaea are methanogens, and for decades they believed that all methanogens were in a single phylum: the Euryarchaeota.

But about 10 years ago, microbes with genes for methanogenesis began to be discovered in other phyla, including one called Thermoproteota. That phylum contains two microbial groups called Methanomethylicia and Methanodesulfokora.


																																						
    
     




																																			"All we knew about these organisms was their DNA," Hatzenpichler said. "No one had ever seen a cell of these supposed methanogens; no one knew if they actually used their methanogenesis genes or if they were growing by some other means.

Hatzenpichler and his researchers set out to test whether the organisms were living by methanogenesis, basing their work on the results of a study published last year by one of his former graduate students at MSU, Mackenzie Lynes.

Samples were harvested from sediments in Yellowstone National Park hot springs ranging in temperature from 141 to 161 degrees Fahrenheit (61-72 degrees Celsius).

Through what Hatzenpichler described as "painstaking work," MSU doctoral student Anthony Kohtz and postdoctoral researcher Viola Krukenberg grew the Yellowstone microbes in the lab. The microbes not only survived but thrived--and they produced methane. The team then worked to characterize the biology of the new microbes, involving staff scientist Zackary Jay and others at ETH Zurich.

At the same time, a research group led by Lei Cheng from China's Biogas Institute of the Ministry of Agriculture and Rural Affairs and Diana Sousa from Wageningen University in the Netherlands successfully grew another one of these novel methanogens, a project they had worked on for six years.

"Until our studies, no experimental work had been done on these microbes, aside from DNA sequencing," said Hatzenpichler.


																																			He said Cheng and Sousa offered to submit the studies together for publication, and Cheng's paper reporting the isolation of another member of Methanomethylicia was published jointly with the two Hatzenpichler lab studies.

While one of the newly identified group of methanogens, Methanodesulfokora, seems to be confined to hot springs and deep-sea hydrothermal vents, Methanomethylicia are widespread, Hatzenpichler said.

They are sometimes found in wastewater treatment plants and the digestive tracts of ruminant animals, and in marine sediments, soils and wetlands. Hatzenpichler said that's significant because methanogens produce 70% of the world's methane, a gas 28 times more potent than carbon dioxide in trapping heat in the atmosphere, according to the U.S. Environmental Protection Agency.

"Methane levels are increasing at a much higher rate than carbon dioxide, and humans are pumping methane at a higher rate into the atmosphere than ever before," he said.


																																						
    
     




																																			Hatzenpichler said that while the experiments answered an important question, they generated many more that will fuel future work. For example, scientists don't yet know whether Methanomethylicia that live in non-extreme environments rely on methanogenesis to grow or if they grow by other means.

"My best bet is that they sometimes grow by making methane, and sometimes they do something else entirely, but we don't know when they grow, or how, or why." Hatzenpichler said. "We now need to find out when they contribute to methane cycling and when not."

Whereas most methanogens within the Euryarchaeota use CO2 or acetate to make methane, Methanomethylicia and Methanodesulfokora use compounds such as methanol. This property could help scientists learn how to alter conditions in the different environments where they are found so that less methane is emitted into the atmosphere, Hatzenpichler said.

His lab will begin collaborating this fall with MSU's Bozeman Agricultural Research and Teaching Farm, which will provide samples for further research into the methanogens found in cattle. In addition, new graduate students joining Hatzenpichler's lab in the fall will determine whether the newly found archaea produce methane in wastewater, soils and wetlands.

Methanomethylicia also have a fascinating cell architecture, Hatzenpichler said. He collaborated with two scientists at ETH Zurich, Martin Pilhofer and graduate student Nickolai Petrosian, to show that the microbe forms previously unknown cell-to-cell tubes that connect two or three cells with each other.

"We have no idea why they are forming them. Structures like these have rarely been seen in microbes. Maybe they exchange DNA; maybe they exchange chemicals. We don't know yet," said Hatzenpichler.

Hatzenpichler has discussed the results of the two studies in an online lecture and on a recent Matters Microbial podcast, and produced this infographic on methane cycling.


																																																					
																				
																						More information:
												Anthony J. Kohtz et al, Cultivation and visualization of a methanogen of the phylum Thermoproteota, Nature (2024). DOI: 10.1038/s41586-024-07631-6

Viola Krukenberg et al, Methyl-reducing methanogenesis by a thermophilic culture of Korarchaeia, Nature (2024). DOI: 10.1038/s41586-024-07829-8

Kejia Wu et al, Isolation of a methyl-reducing methanogen outside the Euryarchaeota, Nature (2024). DOI: 10.1038/s41586-024-07728-y
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                An IBMCP (UPV-CSIC) team discovers a new compound to protect tomatoes from bacteria and drought. Credit: UPV
            
        

    


In a recent study published on the cover of the Plant Physiology journal, the IBMCP team has identified a new volatile compound--alpha-terpineol--that effectively protects plants from Pseudomonas syringae. This pathogenic bacterium causes severe damage to various crops. This finding could improve crop protection treatments by providing natural and highly effective plant protection.



										      
																																	Julia Perez-Perez, a Ph.D. student at the UPV and co-author of the study, explains that, as in human interaction, plants have their own way of communication and defense. "They emit volatile compounds to alert their neighbors to danger and use their sense of smell to perceive the message," says Perez-Perez.

To illustrate, Perez-Perez adds, "Imagine a field of tomatoes where the bacteria penetrate the leaves of a plant through the stomata. As it spreads, the plant defends itself from attack by releasing volatiles such as terpene. Other parts of the plant itself and neighboring plants 'smell' this chemical message and quickly close their stomata, preventing the entry of the pathogen and thus protecting the crop."

The same IBMCP team has already patented and licensed another volatile compound, HB, which also protects plants, with the company Meristem. Now, with the discovery of terpineol, they have a new method to strengthen the resistance of the crops.

"Both compounds are part of what we call the aroma of resistance, which symbolizes the smell of survival for tomato plants," Perez-Perez adds.

It is a very simple, cheap and environmentally friendly application

According to the IBMCP team, applying terpineol and HB would be very straightforward and versatile: they can be sprayed directly on the plants or applied by diffuser devices. In fact, through a project conducted in collaboration with the company Meristem, they are exploring possible synergies between these and other volatile compounds to activate the defensive response of plants efficiently and very cheaply.

"The use of these compounds offers the agricultural sector a new economic, fast and highly effective alternative to improve the yield of such an important crop as tomato," adds Purificacion Lison, IBMCP researcher and lecturer in the Biotechnology Department of the School of Agricultural Engineering and Environment (ETSIAMN) and co-author of the study.

In addition, applying these compounds in agricultural treatments would also reduce the use of chemical compounds. "This is not only beneficial for the environment but also promotes more sustainable agriculture," adds Maria Pilar Lopez Gresa, an IBMCP researcher and senior lecturer at ETSIAMN.

And also, against the drought

According to the researchers, this natural strategy could serve as a protective barrier against bacteria and other infections and even protect plants from the effects of drought.

"This IBMCP discovery represents a significant breakthrough in crop protection, offering a natural, effective and environmentally friendly solution to today's agricultural challenges," conclude the IBMCP researchers.


																																																					
																				
																						More information:
												Julia Perez-Perez et al, Metabolic crosstalk between hydroxylated monoterpenes and salicylic acid in tomato defense response against bacteria, Plant Physiology (2024). DOI: 10.1093/plphys/kiae148
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Lab and field tests suggest snails like red and dislike garlic
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Pest snail species prefer the color red but dislike garlic, according to new research from CSIRO, Australia's national science agency.



										      
																																	Researchers conducted laboratory and field tests on four invasive snail species as part of a Grains Research and Development Corporation (GRDC) national research program.

The program is designed to provide Australian grain growers with new tools and management techniques to combat snails, aiming to minimize losses and improve market opportunities for affected crops.

Researchers evaluated the "push-pull" mechanisms that attract or repel snails such as different colors, and also looked at potential deterrents such as garlic and coffee.

CSIRO Senior Research Scientist Dr. Valerie Caron said the fact snails were attracted to the color red was unexpected, as it's generally thought gastropods can't see colors.

"Red doesn't play an obvious role in snail life, so this color preference was a surprise," Dr. Caron said. "Garlic was most effective at preventing snails from reaching food sources under laboratory conditions. Coffee barriers offered only limited protection, especially after 24 hours, with some snails even eating the coffee grounds.

"Ultimately, we're working to develop new management techniques for snails using attractants (color) for trapping and removal and safe repellents, such as garlic, as barriers."
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                Close up of invasive snail species, Theba pisana and Cochlicella acuta, in the field. During summer they climb fence posts and go into a form of hibernation to wait out the heat. Credit: CSIRO
            
        

    



French Masters student Cedric Kosciolek was chief snail wrangler for the project during his internship at the CSIRO European Laboratory.


																																						
    
     




																																			"When we think about snails, and gastropods more generally, we expect them to be a boring subject," Mr. Kosciolek said.

"But my internship showed me the opposite. We saw behavioral differences between the four species. It just confirmed that the natural world is always full of surprises and diversity."

GRDC pest manager Leigh Nelson said GRDC has a long history of investing in research to find new ways to control pest snails.

"Invasive snails and slugs contaminate cereal and legume crops and cost the grain industry over $170 million each year," Dr. Nelson said.

"The development of improved management tactics for snails and slugs remains a top priority to improve grain growers' profitability. This investment looks to provide Australian grain growers with new tools and management techniques to combat snails, aiming to minimize losses and improve market opportunities for affected crops."

It's hoped the "push-pull" mechanism using snail behavior could one day reduce snails' impact on Australian grain crops.

Further research and field trials in Australia will be needed before push-pull mechanisms could be deployed in the field against invasive snails.
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There is a new king of the Columbia. Each spring, a chrome tide of fish native to the East Coast floods the Northwest's mightiest river by the millions. Shad, not salmon, are thriving in the warm, still water created by hydroelectric dams throughout the Columbia River Basin.



										      
																																	Some years, they make up more than 90% of fish migrating upstream. The 10-year average return of adult Chinook to the Columbia through 2023 was 690,906 fish. Shad?

It's the dammed and slowed waters of the basin, combined with climate warming, that make the conditions of the modern Columbia far more favorable for shad and other non-native species than for salmon and steelhead.

Summer temperatures in portions of the Columbia and Snake rivers are up 2.7 degrees Fahrenheit since 1960 because of the combined effects of climate change and dams, according to federal data. Temperatures are so high, sometimes exceeding 70 degrees, that they kill migrating salmon.

Meanwhile, warm-water fish--carp, bass, crappie and catfish--are doing great.

In a surprising discovery, scientists who looked into whether the shad boom itself was hurting native salmonids found no evidence to support the hypothesis.

"I would like to think we are not chumps here, but at some point you have to lead where the evidence takes you," said University of Washington salmon expert Tom Quinn, who with his co-authors published the findings in an April paper. "It seems a little, 'Huh, it just doesn't seem quite right,' and it is not inconceivable that we are wrong, but ... let's not just rush to judgment. The problem with evidence is it doesn't always lead where you want it to."

Scientists still have more questions than answers, Quinn stressed, about the ecological effects of this invasion, but one thing's for sure: Shad complicate things for dam operators.


																																						
    
     




																																			Today, shad are so thick in the Columbia during their spring migration that the U.S. Army Corps of Engineers operates the dams in "shad mode," with an extra slug of water sent down the fish ladders to help the weak-swimming shad make it upstream. It's kind of like keeping a clog out of the plumbing.

"We have a huge biomass. If we didn't pass them, they would block the way for salmon, they couldn't get through," said Robert Wertheimer, fisheries field unit chief for the Corps of Engineers at Bonneville Lock and Dam. Dead shad also have to be scraped off equipment that keeps trash and other debris out of the dams' turbines.

Shad, native to the East Coast, are thriving in the modern, engineered Columbia River. Scientists say the dams and reservoirs have created near perfect conditions for shad, and they have a greater tolerance than native salmon for the water temperatures boosted by climate change and slack water.

Shad certainly make things more exciting--and difficult--for the fish counters stationed at windows into the fish ladders.

"It's a pain in the butt," said Daniel Keith Hess, a counter on the Oregon side of the Columbia. At every mainstem dam on both sides of the river, counters tabulate the migration of fish. The counts are important to set fishing seasons and monitor the state and health of fish in the river: Chinook, sockeye, coho, chum, pink, lamprey steelhead--and yes, even shad--are counted. Fish managers read the data posted online like box scores.

On a recent spring day, shad were rippling up the river at the rate of 8,000 an hour. With numbers like that, his only hope, Hess said, eyes still glued to the counting window, is to estimate in groups of 10. The shad also are easily shoved around by the current, so they course back and forth in front of the windows, making an accurate count even harder.

Some days there are so many shad it can be hard to see the Chinook in beast mode, muscling up the ladder, slab-sided and hulking compared to all that shad glitter. "They will completely cover the window," Hess said, and it wasn't even an especially shaddy day.


																																			Invaders

Shad have a storied history. Gen. George Washington kept his starving troops going at Valley Forge with smoked shad from the Delaware River, John McPhee recounts in his book of shad history and lore, "The Founding Fish." Shad were first brought out and planted in the Sacramento River in 1871 by Seth Green, the father of fish culture in North America.

This all started with a plan to provide cheap food to the hordes of settlers heading west, and at times even involved hauling shad in milk cans in a train's "aquarium car" in 1873--foiled when it wrecked in Nebraska, William Dill and Almo Cordone recount in their history of non-native fish in California. Undaunted, pioneer fish culturist Livingston Stone tried again with a shipment of 35,000 shad from the Hudson River, planted later that year in the Sacramento, followed by plantings by federal and state fish commissions through 1881. Eventually, more than half a million shad fry were stocked.

They thrived and soon traveled north, colonizing the Columbia, where they were also planted, beginning in 1885, according to the state Department of Fish and Wildlife.

By now, shad are everywhere. They are periodically caught in Grays Harbor and the Chehalis River, and this year, WDFW received lots of reports of anglers catching shad in the Cedar River near Renton. Shad have also been caught in the lower Sammamish River near Kenmore, and by WDFW crews netting Lake Washington to suppress other non-native fish, such as pike and walleye. WDFW has taken more than 1,500 shad out of Lake Washington so far this year.


																																						
    
     




																																			It's rare to hear the department egg on the public to catch and kill as much of anything as possible, but that's the deal with shad. While not categorized as an aquatic invasive species, WDFW urges anglers to mop up all the shad they can in the Lake Washington watershed.

Shad have long been present in the Columbia, but it was the drowning of Celilo Falls--once the world's signature salmon fishery--with the construction of The Dalles Dam in 1957 that really put out the welcome mat for shad. Flooding the falls obliterated the last natural barrier to a shad invasion of the entire Columbia Basin, according to a 2021 report by the Independent Scientific Advisory Board of the Northwest Power and Conservation Council. Population growth is estimated at about 5% per year, the ISAB found, and there is no indication so far we've reached peak shad.

Shad are sea-run fish like salmon, but some will actually spawn again and again. A big fat female can reach 2 feet in length and carry a whopping 600,000 eggs. They love to spawn in the Columbia's reservoirs and unlike salmon, don't need gravel to make a nest. And really, they are doing what animals do best: homing in on places optimal for survival. For shad, that's a reservoir.

The dams that slow and moderate the river's flow, with their ladders to carry shad from one big ponded reservoir to the next, are near-ideal conditions for shad passage, spawning and rearing.

"The chain of hydropower dams and reservoirs is largely responsible for the abundance of shad, an unexpected result of the development," the ISAB found.


																																			The future is theirs. Shad can tolerate a wide range of temperature--their native waters stretch from Newfoundland to Florida--so the steadily warming Columbia, which today does not meet Clean Water Act temperature standards in the summer months, is no problem for them.

"Warming conditions in ocean, estuary, and river habitats predicted by climate change models for the Pacific Coast will probably favor shad because of their tolerances for warmer water than salmonids," the ISAB found. "As warming continues, so too will shad's upward trend likely continue."

It's an upside-down world from salmon and steelhead that crave flow, and are repelled by warm water, holding off in their migration and even dying if temperatures climb. A record run of sockeye headed up the Columbia to their home waters in Canada is imperiled by hot water this summer. This is the third time in nine years sockeye have been foiled by hot water: More than a quarter million sockeye were killed in the Columbia in 2015. Shad did just fine that year, though, and even went on to notch some of their biggest years ever, including 2019 with 7.4 million adult shad counted.

"Those warm waters, they don't appear to have caused any problem for shad at all, and may have stimulated some additional production," said Stuart Ellis, harvest management biologist for the Columbia River Inter-tribal Fish Commission, which represents the four treaty tribes with rights to fish the Columbia. And it's salmon they want to catch--not shad, said Randy Settler, 69, a Yakama tribal elder who said he has to clean shad out of his nets when he uses mesh sized for sockeye.

He'll eat a shad, but there's no market for them, so they are a nuisance as much as anything to Native people, Settler said.

"You got to get them out of the nets, that takes time, and you can catch up to a couple thousand pounds a day. That takes space if you are going to do something with them," Settler said. "Most of the shad are thrown right back into the Columbia River and they are dead. There isn't a market for them. ... We are primarily a salmon fishery."


																																						
    
     




																																			More than just a gate-crasher?

The effect of shad on native fish in the river is poorly understood, the ISAB found. Do they provide a distraction for predators that would otherwise eat salmon--or increase predators because of the biomass buffet they offer? Do they affect salmon and steelhead adversely through competition, predation or other interactions? Risks to salmon and steelhead remain uncertain but are potentially important, the board found.

"We started out thinking, 'Well duh, of course there are going to be obvious effects,'" said Quinn, the UW scientist. "But the more we dug, it was not so clear, not so obvious. We were not out to sell shad as okay; that was not our shtick. I am as into salmon as the next guy, but there wasn't anything here like a smoking gun."

Others see a problem.

Ecotrust, based in Portland, has sounded an alarm about shad, out of concern they could be competing with native juvenile salmon for food, crowding fish ladders--and tribal fishermen's nets. The nonprofit is providing a forum for brainstorming solutions, including developing commercial markets for shad.

Steve Parker, a member of the Washington Fish and Wildlife Commission, sees a situation that could potentially be a problem for salmon recovery, but also a possible opportunity if a market for shad could be developed.

"I characterize it as a problem just waiting to be solved, and to me the solutions are pretty obvious, and could be beneficial," Parker said. But so far, putting together the elements of a commercial-level fishery and market for shad has been difficult.


																																			What to do?

This is hard to figure, given that back East shad are prized in fisheries, by tribes and commercial and sport fishers--and even depleted in their home waters. The roe of adults migrating upriver to spawn is a springtime delicacy, often paired with the tender crosiers of fiddlehead ferns.

But out here, there's no real appetite for the fish. With more than 600 bones each, despite their name, Alosa sapidissima, meaning "very delicious," neither shad nor their roe have ever really caught on. Native fishers typically disdain shad. But sport fishing--that's another story. One person's trash truly is another's treasure.

On a recent afternoon, more than 60 anglers were lined up shoulder-to-shoulder along the shore of the Columbia, at the base of the Bonneville Dam, trying their luck for shad. While some were catching them just for crab bait, others were looking forward to cooking them in soup, putting the fish in spring rolls, or making them into meatballs. Cooked long enough, especially in a pressure cooker, the bones just melt into mush, was the word amid the combat fishers.

Nicknamed silver bullets by anglers for their lively quicksilver ways, shad are a favorite catch especially for kids and first-timers. Anglers of all ages were pulling shad after shad from the river and hoisting them up the banks to waiting cars for the ride home with shad by the trash-bagful.

Shad offer one of the few fisheries without limits, other than hours in the day. Some anglers arrived at daybreak, and were planning to come back the next morning. They came from Canada, Seattle and all over the region. The rocks were covered with scales, the air whipping with fishing lines. A sturgeon cruised the water's edge, hunting shad scraps.

For anglers, these days seemingly always fishing amid a climate of scarcity, the sheer all-you-can-eat--or at least catch--abundance of shad, was part of the fun.

"There's no limit," said Paul Ouch, of Maple Valley. "That's what I love."
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Using AI, bird flu study shows greater antibody evasion in newer H5N1 strains
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In a new study led by UNC Charlotte researchers from the Center for Computational Intelligence to Predict Health and Environmental Risks (CIPHER) and the North Carolina Research Campus at Kannapolis, University scholars have found evidence that the latest variants of H5N1 influenza--commonly known as avian or bird flu--are better at evading antibodies, including those of humans, than previous iterations of the virus.



										      
																																	The study is currently published on the online bioRxiv preprint server.

In June 2024, the U.S. Department of Agriculture reported that more than 300 mammals had been found to have been infected with the H5N1 virus between 2022 and 2024. The World Health Organization recently reported that approximately five humans have been infected with H5N1 in 2024 alone, "but the broader potential impact to human health remains unclear," the UNC Charlotte researchers wrote.

Using advanced AI and physics-based modeling techniques made possible by UNC Charlotte and the North Carolina General Assembly investments in high-performance computing research and artificial intelligence-assisted computational analysis, University researchers have made strides in understanding the specific interactions between H5N1 virus proteins and antibodies, with the goal that these findings will inform the design of stronger, more effective vaccines for the virus.

This project was led by first author Colby T. Ford, a CIPHER visiting scholar in data science and founder of Charlotte-based startup, Tuple, LLC, along with recent College of Computing and Informatics students Shirish Yasa, Khaled Obeid and Sayal Guirales-Medrano, as well as Department of Bioinformatics and Genomics professors Richard Allen White III and Daniel Janies. Tuple, LLC was also a partner in this project.


																																						
    
     




																																			"Historically, our ability to answer biological questions was limited to the throughput of our traditional lab-based processes. Today, however, through the seemingly limitless scale of high-performance and cloud computing, we employ AI and other modeling tools to answer such questions computationally," said Ford. "In this study, our aim is to be more forward looking to predict the potential health impacts of H5N1 influenza before a major event catches us off guard."

Building off of CIPHER's previous SARS-CoV-2 research on coronavirus variants and their ability to evade antibodies, this study is based on data pulled from 1,804 computational experiments as well as an in-depth phylogenetic analysis of 18,508 protein sequences of H5N1 collected between 1959 and 2024. CIPHER scholars also visualized the geographic and host shifts found throughout H5N1's history.

According to the study, virus mutations related to "host-shifts" from birds to mammals had a statistically significant negative impact on the ability of antibodies to bind to and fight off H5N1. Researchers also found that based on the wide variety of host species and geographic locations in which H5N1 was observed to have been transmitted from birds to mammals, there does not appear to be a single central reservoir host species or location associated with H5N1's spread.

This indicates that the virus is well on its way to moving from epidemic to pandemic status in the near future.


																																			This study is the latest example of UNC Charlotte's efforts to put advanced computational research methods to use toward better understanding and fighting infectious diseases across the globe.

"We are entering a whole new era of molecular epidemiology in which we provide a functional insight above and beyond disease surveillance." said Janies, CIPHER co-director and the Carol Grotnes Belk Distinguished Professor in Bioinformatics and Genomics.

"We demonstrate that large data sets can be analyzed rapidly with high-performance computing and artificial intelligence to assess our preparedness for important problems such as H5N1, which is spreading rapidly to new hosts and regions including American cattle and farmworkers."

"H5 related avian influenza A is an emerging pathogen in humans while being an ongoing pandemic in wildlife for over two years," said White, Assistant Professor of Bioinformatics. "Our predictive study provides a window to the future of using AI in the arms race against emerging pathogens."
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												Colby T. Ford et al, Large-Scale Computational Modeling of H5 Influenza Variants Against HA1-Neutralizing Antibodies, bioRxiv (2024). DOI: 10.1101/2024.07.14.603367
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Better management of the Australian seafood industry can create resilience to food shocks
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New research from the University of South Australia shows that the Australian seafood industry has become more resilient to food shocks--a good sign, with Australians eating more seafood now than ever before.



										      
																																	Shocks are a sudden and dramatic loss in food production and can impact food security, as well as local industries and livelihoods.

Maintaining shock-resilient food systems is a priority for many nations and responding to and learning from shock events may be the key to building this resilience, according to UniSA marine ecologist Dr. Zoe Doubleday, lead author of a new paper.

The paper, published in the journal Cell Reports Sustainability, found that Australia's growing aquaculture sector was relatively robust to shocks, while wild caught fisheries had become more resilient to shocks in recent years.

The decline in shocks aligns with a period of major reform in fisheries during the mid-2000s, when three major policy initiatives were implemented, including a marine-protected area network and harvest strategy policy.

Nearly half of the shocks identified were linked to historic overfishing, with a third implicated with management change, which was often introduced in response to stock decline and resulted in more sustainable practices.

The fishery policies that addressed overfishing could be behind the absence of shocks in recent years, the paper states.

Dr. Doubleday, an Australian Research Center Future Fellow, says the findings suggest that investment in fisheries management has bolstered system resilience in recent years.


																																						
    
     




																																			"The Australian government has been responsive to declines in production, contributing to fewer shocks and building a more resilient, sustainable food system," she says.

Other shock drivers included disease, economic reasons, declines in biomass or recruitment, habitat degradation, and extreme weather events, several of which may be caused by the impact of climate change.

Dr. Doubleday says it's important to prioritize responsive fisheries management as the threat of climate change worsens.

"Given we know that global climate volatility will likely increase, it will be important to understand the vulnerabilities in the system and act on this information with policy and management changes to help stabilize food production locally," she says.

"Seafood is a critical source of healthy protein and micronutrients, and ensuring the stability and sustainability of its production will ensure the growing demand for seafood is always met."
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												Zoe A. Doubleday et al, Improved fisheries management and aquaculture growth align with fewer shocks to Australian seafood production, Cell Reports Sustainability (2024). DOI: 10.1016/j.crsus.2024.100131
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Study shows chickens use flushed skin and feather fluffing to display different emotions, levels of excitement
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                Domestic chickens were analyzed in different scenarios which evoked varied emotions and found to display facial redness (blushing) and facial feather fluffing. Happy, relaxed birds showed preening behaviors and facial feather fluffing. Happy, excited birds displayed slight blushing, while in fearfully excited birds, strong facial blushing was observed. Credit: Diego Perez-Lopez, PLOS, CC-BY 4.0 (creativecommons.org/licenses/by/4.0/)
            
        

    


Hens fluff their head feathers and blush to express different emotions and levels of excitement, according to a study published July 24, 2024, in the open-access journal PLOS ONE by Cecile Arnould and colleagues from INRAE and CNRS, France.



										      
																					Facial expressions are an important part of human communication that allow us to convey our emotions. Scientists have found similar signals of emotion in other mammals such as dogs, pigs and mice. Although birds can produce facial expressions by moving their head feathers and flushing their skin, it is unclear whether they express emotions in this way.

To investigate, researchers filmed 18 female domestic chickens (Gallus gallus domesticus) from two breeds, as they performed routine behaviors on a French farm. They also filmed the birds while being captured and held by a human, and while being rewarded with an appealing food.

The researchers analyzed the position of their facial feathers and the color of the exposed skin on their faces in seven contexts that differed in their emotional valence and level of excitement. For example, birds preen their feathers when they are relaxed and content, whereas receiving a rewarding food generally causes excitement and happiness, and being captured is an exciting but fearful experience.

The results suggested that the position of the head feathers and the color of the skin varied between contexts. Fluffed head feathers were mainly associated with a state of contentment, whereas blushing indicated that the birds were positively excited or fearful.

Hens tended to have redder skin in contexts associated with excitement, and in those that caused negative emotions. In situations that caused both excitement and a positive emotion, the birds displayed an intermediate skin redness, indicating a continuum of blushing that can convey subtle emotional changes.

The study was the first to investigate facial displays of emotion in chickens, and suggests that domestic hens use facial expressions to show their emotions, much like humans and other mammals do. These findings offer a window into the emotional experiences of domestic birds, which could be used to improve the welfare of farmed poultry, the authors say.

The authors add, "The skin blushing on the face of the domestic fowl is a window into their emotions. The intensity of the blushing varies within a few seconds depending on the emotional situations they experience."


																														
																				
																						More information:
												Facial blushing and feather fluffing are indicators of emotions in domestic fowl (Gallus gallus domesticus), PLoS ONE (2024). DOI: 10.1371/journal.pone.0306601
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      Technology

      Tech Xplore internet news portal provides the latest news on electronics, technology, and engineering.


      
        Automated vehicles: Social factors inform pedestrians' crossing decisions
        QUT researchers have found that pedestrians' crossing decisions involving automated vehicles (AVs) are most influenced by nearby pedestrians.

      

      
        American Airlines reports lower profits but wins on IT outage
        American Airlines lowered its 2024 outlook Thursday on lingering effects of a botched booking system upgrade, but shares rallied as it touted a speedy recovery to last week's IT outage that plagued rivals.

      

      
        Microsoft's World of Warcraft development workers are unionizing
        More than 500 workers behind the popular video game franchisee "World of Warcraft" are unionizing.

      

      
        Intelligent engineering: AI transforms spatial arrangement of hydropower underground facilities
        Designing the spatial arrangement of underground powerhouses involves numerous complex parameters and boundaries, requiring frequent reference to various cases and specifications. Traditional methods struggle to efficiently retrieve this information, leading to suboptimal designs and extended project timelines. Due to these challenges, there is a pressing need for a more intelligent and efficient approach to streamline the design process, enhance accuracy, and improve project management in hydrop...

      

      
        Happy 50th birthday to the UPC barcode--no one expected you would revolutionize global commerce
        The first modern barcode was scanned 50 years ago this summer--on a 10-pack of chewing gum in a grocery store in Troy, Ohio.

      

      
        Why are we finding so many Australian shipwrecks lately? There's one research vessel helping uncover the past
        On August 23, 1969, the coastal freighter MV Noongah departed Newcastle bound for Townsville with a cargo of steel and 26 crew. The 71-meter ship had been a regular sight along the eastern seaboard for a decade as it hauled cargo between cities up and down the coast.

      

      
        Harnessing blue energy: Advanced nanofluidic membranes boost aquatic energy conversion efficiency
        To achieve carbon neutrality, advancements in energy conversion and storage technologies are essential. Current aqueous energy devices suffer from performance limitations due to the trade-off between permeability and selectivity in permselective membranes. This trade-off hampers the efficiency of energy conversion and storage systems, necessitating the development of membranes that can balance these properties effectively. Due to these challenges, further research is required to explore innovativ...

      

      
        Engineers develop a recipe for zero-emissions fuel: Soda cans, seawater and caffeine
        A sustainable source for clean energy may lie in old soda cans and seawater. MIT engineers have found that when the aluminum in soda cans is exposed in its pure form and mixed with seawater, the solution bubbles up and naturally produces hydrogen--a gas that can be subsequently used to power an engine or fuel cell without generating carbon emissions. What's more, this simple reaction can be sped up by adding a common stimulant: caffeine.

      

      
        CrowdStrike: The massive companies you've never heard of with a hidden grip on our lives
        The world is saturated by services and products provided by companies that have a "secret grip" on the way we live. In 1951, the French-born American industrial designer Raymond Loewy described a typical day "of the average guy" from the moment he wakes up until he goes to bed. The point being that the average guy's life was saturated with designed products.

      

      
        Engineers design new valve to give soft robots resilience boost
        A new type of valve that makes soft robots more resilient to damage, has been developed by engineers at the University of Sheffield.

      

      
        Engineers develop technique that enhances thermal imaging and infrared thermography for police, medical and military use
        A new method to measure the continuous spectrum of light, developed in the lab of University of Houston professor of electrical and computer engineering Jiming Bao, is set to improve thermal imaging and infrared thermography, techniques used to measure and visualize temperature distributions without direct contact with the subject being photographed.

      

      
        Scientists' innovation for indoor solar cells maximizes the use of light energy
        Chemists at Kaunas University of Technology (KTU), Lithuania have synthesized materials that can improve solar elements for indoor use. Such photovoltaic cells, which can also be integrated into various electronic devices, generate electricity even in low-light conditions.

      

      
        A global IT outage brought supply chains to their knees--we need to be better prepared next time
        Friday's global IT outage--caused by a faulty software update from cybersecurity firm Crowdstrike--wrought havoc on business operations around the world.

      

      
        UK govt launches flagship green energy plan
        Britain's new Labour government launched its flagship green energy infrastructure plan on Tuesday, announcing a multi-billion-pound partnership with the business arm of the royal family to develop offshore wind farms.

      

      
        Meta oversight board wants deepfake rules for AI Age
        Meta's oversight board on Thursday called on the tech titan to bring its rules regarding porn deepfakes out of the "photoshop" days and into the era of artificial intelligence.

      

      
        Using AI to train AI: Model collapse could be coming for LLMs, say researchers
        Using AI-generated datasets to train future generations of machine learning models may pollute their output, a concept known as model collapse, according to a new paper published in Nature. The research shows that within a few generations, original content is replaced by unrelated nonsense, demonstrating the importance of using reliable data to train AI models.

      

      
        A robot that survives through self-amputation
        Self-amputation may seem like a drastic move, but it's a survival tactic that's proved particularly handy for numerous creatures. Yale roboticists have drawn inspiration from lizards, crabs, and other animals who shed parts of themselves without looking back, all for the purpose of moving forward.

      

      
        Memristive radiofrequency switches show improved performance for mmWave applications
        Radiofrequency (RF) switches are electronic components that control the routing of RF signals between different segments of circuits, for instance turning the signals on and off or redirecting them. These switches are central to the functioning of numerous communication technologies, including smartphones, cell towers, and wireless networks.

      

      
        Boeing guilty plea deal filed in fatal 737 Max crashes
        Boeing will plead guilty to fraud as part of a deal with the US Department of Justice over two fatal 737 MAX crashes, according to a court filing Wednesday.

      

      
        Mark Zuckerberg, AI's 'open source' evangelist
        Mark Zuckerberg, the founder of Facebook and CEO of Meta, has become an unexpected evangelist for open source technology when it comes to developing artificial intelligence, pitting him against OpenAI and Google.

      

      
        Ford profits tumble on higher costs, hitting shares
        Ford shares tumbled Wednesday after the automaker reported lower than expected profits on higher costs connected to product launches and warranty repairs for older model vehicles.

      

      
        US lawmakers urge Meta to delay shutting down transparency tool
        US lawmakers voiced "concern" Wednesday over Meta's decision to shut down CrowdTangle--a digital tool considered vital in monitoring falsehoods -- in a major election year, urging the tech giant to delay the move by six months.

      

      
        Nissan shares plunge after profit warning
        Nissan tumbled more than 10 percent on Thursday after the Japanese automaker issued a profit warning, citing "intense sales competition", especially in the United States.

      

      
        One Tech Tip: To hide your internet activity or your IP address, use a virtual private network
        On the move and looking for an internet connection to check email or post a video to TikTok? It's tempting to jump onto the free Wi-Fi at the coffee shop or the shopping mall. But don't do it unless you've got protection.

      

      
        How travel among synthetic populations reveals gaps in essential services
        Think about your neighborhood. Where are the stores or doctor's offices? How easy is it to access fresh food? Human mobility researchers at the Department of Energy's Oak Ridge National Laboratory are providing information on access to essential services in communities by creating synthetic populations that mirror real neighborhoods and observing how transportation routes around the area support or detract from the residents' quality of life.
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Automated vehicles: Social factors inform pedestrians' crossing decisions
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                VR Set up. Top left: HDV. Top right: illustration of the road environment in VR. Bottom left: the second AV is equipped with two vertical blue light bands serving as eHMI. Bottom right: AV, no eHMI. Credit: Transportation Research Part F: Traffic Psychology and Behaviour (2024). DOI: 10.1016/j.trf.2024.02.008
            
        

    


QUT researchers have found that pedestrians' crossing decisions involving automated vehicles (AVs) are most influenced by nearby pedestrians.


                                        
                                              
                                        
                                                                                                                                    Former QUT Ph.D. student Dr. Xiaoyuan Zhao, who is currently a postdoctoral scholar at University of South Florida, teamed up with CARRS-Q researcher, Professor Andry Rakotonirainy and Senior Research Fellow, Dr. Xiaomeng Li at the Center for Accident Research and Road Safety-Queensland (CARRS-Q), and, and French researcher Professor Delhome (Gustave Eiffel University).

Dr. Zhao said that when automated vehicles (AVs) enter public roads in coming years, pedestrians will acquire knowledge about these vehicles to interact with them safely and efficiently. The study is published in the journal Transportation Research Part F: Traffic Psychology and Behaviour.

"An aspect that particularly demands learning is the novel concept of external Human-Machine Interface (eHMI), which transmits explicit information about the vehicle to pedestrians, such as the vehicle's state (e.g., automated driving mode), intentions (e.g., yielding), and instructions for other road users," Dr. Zhao said.

"We designed a virtual reality study to investigate how pedestrians acquire, understand and adapt their behavior toward AVs equipped with eHMIs."

"The study postulates that in the social environment, others can be viewed as role models and used as a source of information."


                                                                                                        
    
        
        
        
    

                                                                                                                                            "Consequently, the behaviors of others can significantly influence how individuals react to new and unfamiliar situations, illustrating the concept of social mirroring, where people tend to unconsciously mirror or imitate the actions and reactions of those around them, especially in novel or uncertain environments.

"Appropriate behaviors of other pedestrians in front of AVs improve individual compliance to eHMIs.

"At the same time, misleading behaviors of others can also be learned and imitated, leading to greater difficulty and lower trust in understanding the eHMIs."

Dr. Zhao said the impacts from others on pedestrian crossing decisions disappeared once participants became more familiar with eHMIs.

"This finding highlights the need to find solutions to facilitate the public acquiring knowledge about AVs and eHMIs," Dr. Zhao said.

"Along with observing others, qualitative data revealed that participants acquired knowledge about AVs and eHMIs through direct experience and drawing from their past experiences."


                                                                                                                                                                            
                                        											
																								More information:
												Xiaoyuan Zhao et al, Crossing roads in a social context: How behaviors of others shape pedestrian interaction with automated vehicles, Transportation Research Part F: Traffic Psychology and Behaviour (2024). DOI: 10.1016/j.trf.2024.02.008
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American Airlines reports lower profits but wins on IT outage
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                Robert Isom, CEO of American Airlines, said the company had made progress in addressing problems from an ill-conceived booking systems upgrade, but that the issues would weigh on profits for 2024.
            
        

    


American Airlines lowered its 2024 outlook Thursday on lingering effects of a botched booking system upgrade, but shares rallied as it touted a speedy recovery to last week's IT outage that plagued rivals.


                                        
                                              
                                        
                                                                                                                                    While the big US carrier has taken "aggressive" steps to remedy the ill-conceived booking system changes that drove away consumers, the problem "will continue to impact (American's) revenue performance and earnings through the remainder of the year," the carrier said.

American now expects full-year profits per share of between 70 cents and $1.30, down significantly from the range provided in April of between $2.25 and $3.25 per share.

Profits in the second quarter were $717 million, down 46.4 percent from the year-ago period. Revenues rose two percent to $14.3 billion, a record.

In May, American announced the departure of Vasu Raja as chief commercial officer who had overseen a revamp that was meant to have customers book directly through the airline and its app instead of going through corporate travel managers or online platforms.

After declaring the change a disaster, American has moved to reinstate fares in distribution channels used by travel managers and corporate programs, end plans to differential mileage by channel and undertaken extensive outreach to customers.

"We're taking actions that will improve our performance but a reset will take some time," said Chief Executive Robert Isom, who tapped senior executive Steve Johnson to oversee the process.

Besides the American-specific issues surrounding its booking practices, the carrier is also contending with an industry-wide excess of seat capacity that has pressured fares in recent weeks.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Isom said the company had trimmed capacity in the third quarter and was mapping out plans for 2025 so that the carrier is "not outgrowing demand."

Notwithstanding the booking system issues, American won praise for its breakneck recovery to last Friday's CrowdStrike information technology outage that led to thousands of canceled flights at rival Delta.

Isom credited an "incredible" IT team as well as strong technology investment. But he described the issue as an ongoing challenge.

"Technology today, it's something that we're going to have to continue to make sure that we build resilience around and ensure against a patch being put in place that can knock out so much of the world's communications," Isom said.

American also pointed to a strong operational performance over the July 4 Independence Day holiday and to a breakthrough in protracted labor talks with its flight attendant union. A union vote on the agreement is expected later this year.

Shares of American Airlines rose 4.8 percent near midday.
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Microsoft's World of Warcraft development workers are unionizing

                                        by Wyatte Grantham-Philips                                                                                                                    
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                Gamers test out computer games at the Gamescom in Cologne, Germany, on Aug. 22, 2017. More than 500 workers behind the popular video game franchisee "World of Warcraft" are joining the Communications Workers of America, the union announced Wednesday, July 24, 2024. Microsoft subsidiary Blizzard Entertainment, World of Warcraft's publisher, has recognized the union. Credit: Oliver Berg/DPA via AP, File
            
        

    


More than 500 workers behind the popular video game franchisee "World of Warcraft" are unionizing.


                                        
                                              
                                        
                                                                                                                                    The game's development team employees--which include designers, engineers, artists, quality assurance testers and more--are joining the Communications Workers of America, the union announced Wednesday. CWA says Microsoft subsidiary Blizzard Entertainment, World of Warcraft's publisher, has recognized the union.

The World of Warcraft Game Makers Guild--CWA Union is the first wall-to-wall union seen at Activision Blizzard and the largest of this kind at a Microsoft-owned studio to date, according to CWA. It also builds on an expansion of organized labor seen among Microsoft video game workers since the tech giant's $69 billion purchase of Activision Blizzard last year.

Gaming workers have been able to organize thanks to a "labor neutrality" agreement that took effect with the acquisition. In an unusual arrangement for the industry to help address concerns about the merger made back in 2022, Microsoft pledged to stay neutral if Activision Blizzard workers in the U.S. and Canada seek to organize into a labor union.

With Wednesday's World of Warcraft news, alongside other recent organizing efforts, CWA says more than 1,750 video game workers at Microsoft now have representation with the union.

"What we've accomplished at World of Warcraft is just the beginning," Eric Lanham, a World of Warcraft test analyst and member of the newly-formed guild said in a statement--noting that the next step is a strong contract. "We know that when workers have a protected voice, it's a win-win for employee standards, the studio, and World of Warcraft fans looking for the best gaming experience."


                                                                                                        
    
        
        
        
    

                                                                                                                                            Tom Smith, senior director of organizing at CWA, added that Wednesday's news "marks a key inflection point" in the broader industrywide efforts to organize video game workers.

Also on Wenesday, CWA announced that a group of 60 quality assurance workers at Blizzard Entertainment in Austin, Texas, also joined the union and were recognized by Microsoft. These quality assurance workers--who work on franchisees like Diablo and Hearthstone--and World of Warcraft's development employees both had their unions confirmed by a neutral arbitrator after a majority signed authorization cards or cast support through an online portal, CWA said.

In a statement to The Associated Press Thursday, a spokesperson for Redmond, Washington-based Microsoft said the company continues "to support our employees' right to choose how they are represented in the workplace" and will negotiate with the CWA in good faith to work towards a collective bargaining agreement.

The World of Warcraft workers' union representation marks a "significant milestone" in a journey that dates back to a 2021 employee walkout at Activision Blizzard's headquarters, CWA noted Wednesday. That protest was in response to a sweeping sexual harassment and discrimination lawsuit brought forth by California's Department of Fair Employment and Housing, which was settled following the Microsoft acquisition last year.
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Intelligent engineering: AI transforms spatial arrangement of hydropower underground facilities

                                        by                                         Tsinghua University Press                                    
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                Ontology skeleton construction process. Credit: Journal of Intelligent Construction (2024). DOI: 10.26599/JIC.2024.9180026
            
        

    


Designing the spatial arrangement of underground powerhouses involves numerous complex parameters and boundaries, requiring frequent reference to various cases and specifications. Traditional methods struggle to efficiently retrieve this information, leading to suboptimal designs and extended project timelines. Due to these challenges, there is a pressing need for a more intelligent and efficient approach to streamline the design process, enhance accuracy, and improve project management in hydropower engineering.


                                        
                                              
                                        
                                                                                                                                    Researchers from Tianjin University, in collaboration with PowerChina Kunming Engineering Corporation Limited and other institutions, have developed a novel methodology for constructing a knowledge graph for the spatial arrangement of underground powerhouses. Published in the Journal of Intelligent Construction, the study demonstrates how this knowledge graph can enhance digital intelligent design and operation of hydropower facilities.

The study details a comprehensive process for constructing a knowledge graph to optimize the spatial arrangement of underground powerhouses. It begins with designing an ontology skeleton to represent the knowledge organization structure. Data is collected and processed using optical character recognition (OCR) technology and the THU Lexical Analyzer for Chinese (THULAC) to handle large volumes of unstructured information.

The extracted knowledge is stored in the Neo4j database, forming the basis of the knowledge graph. This graph is then used for intelligent querying and parameter recommendation, significantly enhancing design and operational efficiency. By enabling efficient retrieval and application of design knowledge, the knowledge graph addresses existing challenges in spatial arrangement, paving the way for improved accuracy and efficiency in hydropower engineering projects.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Dr. He Jia, a lead researcher from Tianjin University, stated, "The implementation of a knowledge graph in the design of underground powerhouses marks a significant step forward in the field of hydropower engineering. This approach not only improves the efficiency of design processes but also provides a robust foundation for future advancements in intelligent construction and operation."

The application of this knowledge graph methodology extends beyond underground powerhouses, offering potential benefits for various fields of engineering that require complex spatial arrangements. By enabling more efficient retrieval and application of design knowledge, this approach can lead to significant cost savings, improved safety, and enhanced project management in large-scale construction projects. The continuous update capability of the knowledge graph ensures its long-term relevance and adaptability to evolving industry needs.
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												Han Liu et al, Construction and application of a knowledge graph for the spatial arrangement of underground powerhouses, Journal of Intelligent Construction (2024). DOI: 10.26599/JIC.2024.9180026
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The first modern barcode was scanned 50 years ago this summer--on a 10-pack of chewing gum in a grocery store in Troy, Ohio.


                                        
                                              
                                        
                                                                                                                                    Fifty is ancient for most technologies, but barcodes are still going strong. More than 10 billion barcodes are scanned every day around the world. And newer types of barcode symbols, such as QR codes, have created even more uses for the technology.

I would have been like most people, never giving a second thought to the humble barcode, if my research as a media scholar at Clemson University hadn't taken a few strange turns. Instead, I spent a year of my life digging through the archives and old newspaper articles to learn about the barcode's origins--and eventually went on to write a book about the cultural history of the barcode.

While the barcode didn't herald the end times, as conspiracy theorists once fretted, it did usher in a new age in global commerce.

Barcodes were a grocery-industry invention

While the world has changed a lot since the mid-1970s, the Universal Product Code (UPC)--what most people think of when they hear the word "barcode"--hasn't. The code first scanned on a package of gum on June 26, 1974, is basically identical to the billions of barcodes scanned in stores all over the world today.


                                                                                                        
    
        
        
        
    

                                                                                                                                            When that first UPC code was scanned, it was the culmination of years of planning by the U.S. grocery industry. In the late 1960s, labor costs were rising rapidly in grocery stores and inventory was becoming increasingly difficult to track. Grocery executives hoped the barcode could help them solve both of those problems, and they ended up being right.

In the early 1970s, the industry created a committee that developed the UPC data standard and chose the IBM barcode symbol over a half-dozen alternative designs. Both the data standard and the IBM barcode symbol are still used today.

Based on meeting notes I found in Stony Brook University's Goldberg Archive, the people who developed the UPC system felt they were doing important work. However, they had no idea they were creating something that would long outlive most of them.

Even the grocery industry's optimistic estimates predicted fewer than 10,000 companies would ever use barcodes. As a result, the scanning of the first UPC barcode received little attention at the time.

A few newspapers published short articles about the launch event, but it wasn't exactly front-page news. Its importance was only apparent years later, as barcodes became one of the most successful digital data infrastructures ever.


                                                                                                                                            Barcodes created a shelf-space revolution

Barcodes didn't just change the shopping experience at checkout. By making products machine-readable, they enabled vast improvements to inventory tracking. That meant items that sold well could be restocked quickly when the data indicated, requiring less shelf space to be devoted to any individual product.

As barcode expert Stephen A. Brown has written, that reduced need for shelf space allowed for a rapid proliferation of new products. You can blame barcodes for the fact that your grocery store sells 15 types of almost indistinguishable toothpaste.

Similarly, today's huge grocery stores and superstores likely couldn't exist without the massive amount of inventory data that barcode systems produce. As MIT professor Sanjay Sharma put it, "If barcodes hadn't been invented, the entire layout and architecture of commerce would have been different."

Other industries quickly got on board

The modern barcode was born in the grocery industry, but it wasn't confined to the grocery aisles for long. By the mid-1980s, the success of the UPC system encouraged other industries to adopt barcodes. For example, within a span of three years, Walmart, the Defense Department and the U.S. automotive industry all began using barcodes to track objects in supply chains.

Private shipping companies also adopted barcodes to capture identification data. FedEx and UPS even created their own barcode symbols.

As the sociologist Nigel Thrift explained, by the end of the 1990s, barcodes had become "a crucial element in the history of the new way of the world." They helped enable rapid globalization in ways that would be difficult to imagine if barcodes didn't exist.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Black and white and unnoticed all over

As someone who became so interested in this history that I got a tattoo of my latest book's International Standard Book Number barcode on my arm, the quiet passing of the barcode's 50th anniversary feels almost poetic.

I grew up in a world where barcodes were everywhere. They were on all the products I bought, the concert tickets I scanned, the packages I received.

Like most people, I rarely thought about them, despite--or maybe because of--their ubiquity. It wasn't until I began research for my book that I realized how a barcode on a package of gum set in motion a chain of events that transformed the world.

For decades, barcodes have been a workhorse operating in the background of our lives. Modern humans scan them countless times every day, but we rarely think about them because they're not flashy and just work--most of the time, anyway.

As barcodes keep chugging along in their old age, they're a reminder that the seemingly boring technologies are often far more interesting and consequential than most people realize.
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                Bow and bent foremast of MV Noongah. Credit: CSIRO
            
        

    


On August 23, 1969, the coastal freighter MV Noongah departed Newcastle bound for Townsville with a cargo of steel and 26 crew. The 71-meter ship had been a regular sight along the eastern seaboard for a decade as it hauled cargo between cities up and down the coast.


                                        
                                              
                                        
                                                                                                                                    Two days later, the vessel disappeared in the night beneath 10-meter waves, lashed by a violent storm. Tragically, only five of the 26-member crew would be rescued during one of the largest searches for survivors in post-war Australian maritime history. As for the MV Noongah, its resting place would remain a mystery.

Until now.

While on a research voyage to study submarine canyons off the New South Wales coast, a team aboard the CSIRO research vessel RV Investigator became the first to set eyes on MV Noongah in nearly 55 years. This discovery was no accident. It was part of a collaborative project and a targeted investigation to help identify a mysterious shipwreck.

It's also no coincidence there have been several shipwreck discoveries in the news recently. Australia's national science ship has developed an impressive record as a shipwreck sleuth.
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                Newly pinpointed general location of the MV Noongah shipwreck. Credit: CSIRO
            
        

    




What is RV Investigator?

RV Investigator is part of the Marine National Facility--a national research infrastructure operated by CSIRO, Australia's national science agency.

All Australian researchers and their international collaborators can access the capabilities of RV Investigator. This makes it a collaboration hub for marine research. And it's been an important factor in many of the recent shipwreck discoveries.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Over the past 10 years of operation, more than 150 institutions have collaborated to deliver science on voyages. Usefully, RV Investigator can accommodate multiple projects on each voyage. The research has ranged from fisheries' surveys and seafloor mapping to atmospheric studies and, of course, maritime heritage surveys.
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                RV Investigator has a range of tools that allow for successful seafloor discoveries. Credit: CSIRO/Owen Foley
            
        

    



RV Investigator is equipped with a suite of advanced acoustic systems. It also has three seafloor mapping systems, called multibeam echosounders. These allow for high-resolution measurements (bathymetry, literally meaning "deep measurement") of the seafloor, from shallow coasts to full ocean depth.

These systems map the seafloor everywhere the vessel goes, both through data collection while underway, and through targeted surveys.

Both the distance RV Investigator travels during its annual research program and the volume of bathymetric data it collects are immense. This greatly increases the likelihood of making seafloor discoveries.

Over the past 10 years, RV Investigator has traveled more than 500,000 kilometers and mapped more than 3 million square kilometers of Australia's marine estate. It has circumnavigated the continent several times.

All this has provided an opportunity to investigate many suspected shipwreck sites. These are often "piggyback" projects--ones that are added to the voyage but use no additional resources.


                                                                                                                                            The power of collaboration

Shipwreck discoveries are impossible without collaboration. The maritime community, heritage agencies, research agencies and members of the public have all contributed to the recent shipwreck finds.

It is not uncommon for searches to be targeted by local knowledge from fishing communities, volunteer shipwreck hunters and even historians who have pieced together clues on the potential location of shipwrecks.

Outreach to those affected by the findings is also invaluable. This includes the survivors of these tragedies and the families of those lost at sea, to keep them informed throughout the process.

Shipwreck discoveries can literally change lives--like the reunion of two siblings who spent their lives apart as orphans after their father died onboard SS Iron Crown in 1942.

'Eyes' in the depths

RV Investigator also has specialized drop cameras that can provide a view of the seafloor at depths up to 5,000 meters. The visuals provided by these have been essential for identifying shipwrecks once found.

In 2023, a CSIRO team used this camera system to help identify the wreck of SS Nemesis, a steamship that was lost in 1904 off the coast of New South Wales. Also in 2023, an unidentified wreck off the southwest coast of Tasmania gained a name--it was the coastal freighter MV Blythe Star which capsized and sank in 1973.

The large areas of seafloor mapped by RV Investigator have also led to unexpected discoveries. The wreck of the 1890s iron barque Carlisle in Bass Strait in 2017 was a "chance encounter" for the vessel.
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                A view of the stern of MV Blythe Star. Credit: CSIRO
            
        

    





                                                                                                        
    
        
        
        
    

                                                                                                                                            Why hunt for shipwrecks?

These discoveries are important for several reasons. Finding and analyzing a shipwreck can help us understand the circumstances that led to these tragedies. It can also help provide closure to affected communities whose loved ones were lost at sea.

Knowing the current state of the shipwreck is important for heritage professionals and agencies who manage and protect the sites. Some shipwrecks are at risk of creating environmental damage such as fuel or oil leaks, so having data on them is vital for managing those risks.

RV Investigator is currently scheduled for a series of scientific upgrades, including its acoustic systems. With 8,000 shipwrecks scattered around Australia's coastline, and more than half of those undiscovered, there are many more maritime mysteries to solve.
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Harnessing blue energy: Advanced nanofluidic membranes boost aquatic energy conversion efficiency

                                        by                                         Tsinghua University Press                                    

                                    
									    

    
        
            [image: Harnessing blue energy: advanced nanofluidic membranes boost aquatic energy conversion efficiency]
             
                This image illustrates the innovative 'island-bridge' nanostructure used in nanofluidic membranes, which significantly enhances performance in aqueous energy storage and conversion. On the left, the plots depict the enhanced current density and power density of graphene oxide (GO) with graphene oxide nanoribbons (GONR) compared to GO alone, across varying resistances. The middle graphic demonstrates the layered 'island-bridge' architecture, designed to optimize ion transport. The right graph shows the voltage and capacity performance over multiple cycles, highlighting the stability and efficiency improvements with the addition of GONR. Credit: Energy Materials and Devices, Tsinghua University Press
            
        

    


To achieve carbon neutrality, advancements in energy conversion and storage technologies are essential. Current aqueous energy devices suffer from performance limitations due to the trade-off between permeability and selectivity in permselective membranes. This trade-off hampers the efficiency of energy conversion and storage systems, necessitating the development of membranes that can balance these properties effectively. Due to these challenges, further research is required to explore innovative membrane structures that can enhance the performance of energy conversion and storage devices.


                                        
                                              
                                        
                                                                                                                                    A research team from Tsinghua University has published a study in Energy Materials and Devices. They developed a novel "island-bridge" structured nanofluidic membrane to address the critical challenge of balancing permeability and selectivity in energy conversion and storage systems. This innovative membrane design promises to significantly enhance the efficiency of aqueous energy devices, paving the way for more effective and reliable renewable energy solutions.

The study introduces a pioneering "island-bridge" design that self-assembles two-dimensional nanoribbons and nanosheets into nanofluidic membranes. Nanosheets act as isolated islands with high surface charge density, providing superior ionic selectivity. Meanwhile, the bridge-like nanoribbons enhance permeability and water stability due to their low surface charge density and high aspect ratio.

Molecular simulations and experiments demonstrated that these membranes significantly boost the performance of osmotic power generators and zinc metal batteries. Notably, the membranes achieved a power density of 18.1 W/m2 in osmotic power generation, surpassing the commercial benchmark of 5 W/m2.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Additionally, the membranes exhibited high Coulombic efficiency and extended lifespan in zinc metal batteries, showcasing their potential in improving energy storage solutions. This design effectively balances permeability and selectivity, addressing a major bottleneck in current energy conversion and storage technologies, and shows promise for scalable applications in enhancing the efficiency and stability of these systems.

Dr. Yu Lei, a leading researcher in the study, emphasized the significance of their findings, "Our innovative island-bridge nanofluidic membranes mark a significant advancement in energy technology. By effectively balancing permeability and selectivity, these membranes not only enhance the efficiency of energy conversion and storage devices but also offer a stable and scalable solution. This breakthrough opens new possibilities for integrating renewable energy sources into the power grid, which is crucial for achieving global carbon neutrality goals."

The successful implementation of these high-performance membranes could revolutionize the field of renewable energy by providing more efficient and reliable energy conversion and storage solutions. These advancements pave the way for enhanced integration of renewable energy sources into the power grid, contributing significantly to global carbon neutrality goals.


                                                                                                                                                                            
                                        											
																								More information:
												Yifu Gao et al, "Island-bridge"-structured nanofluidic membranes for high-performance aqueous energy conversion and storage, Energy Materials and Devices (2024). DOI: 10.26599/EMD.2024.9370041
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                MIT engineers Aly Kombargi (left) and Niko Tsakiris (right) work on a new hydrogen reactor, designed to produce hydrogen gas by mixing aluminum pellets with seawater. Credit: Tony Pulsone
            
        

    


A sustainable source for clean energy may lie in old soda cans and seawater. MIT engineers have found that when the aluminum in soda cans is exposed in its pure form and mixed with seawater, the solution bubbles up and naturally produces hydrogen--a gas that can be subsequently used to power an engine or fuel cell without generating carbon emissions. What's more, this simple reaction can be sped up by adding a common stimulant: caffeine.


                                        
                                              
                                        
                                                                                                                                    In a study appearing today in the journal Cell Reports Physical Science, the researchers show they can produce hydrogen gas by dropping pretreated, pebble-sized aluminum pellets into a beaker of filtered seawater. The aluminum is pretreated with a rare-metal alloy that effectively scrubs aluminum into a pure form that can react with seawater to generate hydrogen. The salt ions in the seawater can in turn attract and recover the alloy, which can be reused to generate more hydrogen in a sustainable cycle.

The team found that this reaction between aluminum and seawater successfully produces hydrogen gas, though slowly. On a lark, they tossed into the mix some coffee grounds and found, to their surprise, that the reaction picked up its pace.

In the end, the team discovered that a low concentration of imidazole--an active ingredient in caffeine--is enough to significantly speed up the reaction, producing the same amount of hydrogen in just five minutes, compared to two hours without the added stimulant.

The researchers are developing a small reactor that could run on a marine vessel or underwater vehicle. The vessel would hold a supply of aluminum pellets (recycled from old soda cans and other aluminum products), along with a small amount of gallium-indium and caffeine. These ingredients could be periodically funneled into the reactor, along with some of the surrounding seawater, to produce hydrogen on demand. The hydrogen could then fuel an onboard engine to drive a motor or generate electricity to power the ship.

"This is very interesting for maritime applications like boats or underwater vehicles because you wouldn't have to carry around seawater--it's readily available," says study lead author Aly Kombargi, a Ph.D. student in MIT's Department of Mechanical Engineering.

"We also don't have to carry a tank of hydrogen. Instead, we would transport aluminum as the 'fuel," and just add water to produce the hydrogen that we need."

The study's co-authors include Enoch Ellis, an undergraduate in chemical engineering; Peter Godart Ph.D. '21, who has founded a company to recycle aluminum as a source of hydrogen fuel; and Douglas Hart, MIT professor of mechanical engineering.


    
    
    
        
        
    
         
             
         

        A pebble-sized pellet of aluminum, dropped into a beaker of filtered seawater, produces hydrogen gas that bubbles up and out of the container within a few minutes. MIT engineers are optimizing this simple chemical reaction as an efficient and sustainable way to generate hydrogen fuel, which they envision can be used to power an engine or fuel cell aboard marine vessels and underwater vehicles.
  



                                                                                                        
    
        
        
        
    

                                                                                                                                            Shields up

The MIT team, led by Hart, is developing efficient and sustainable methods to produce hydrogen gas, which is seen as a "green" energy source that could power engines and fuel cells without generating climate-warming emissions.

One drawback to fueling vehicles with hydrogen is that some designs would require the gas to be carried onboard like traditional gasoline in a tank--a risky setup, given hydrogen's volatile potential. Hart and his team have instead looked for ways to power vehicles with hydrogen without having to constantly transport the gas itself.

They found a possible workaround in aluminum--a naturally abundant and stable material that, when in contact with water, undergoes a straightforward chemical reaction that generates hydrogen and heat.

The reaction, however, comes with a sort of Catch-22: While aluminum can generate hydrogen when it mixes with water, it can only do so in a pure, exposed state. The instant aluminum meets with oxygen, such as in air, the surface immediately forms a thin, shield-like layer of oxide that prevents further reactions. This barrier is the reason hydrogen doesn't immediately bubble up when you drop a soda can in water.

In previous work, using fresh water, the team found they could pierce aluminum's shield and keep the reaction with water going by pretreating the aluminum with a small amount of rare metal alloy made from a specific concentration of gallium and indium. The alloy serves as an "activator," scrubbing away any oxide buildup and creating a pure aluminum surface that is free to react with water.

When they ran the reaction in fresh, de-ionized water, they found that one pretreated pellet of aluminum produced 400 milliliters of hydrogen in just five minutes. They estimate that just 1 gram of pellets would generate 1.3 liters of hydrogen in the same amount of time.

But to further scale up the system would require a significant supply of gallium indium, which is relatively expensive and rare.

"For this idea to be cost-effective and sustainable, we had to work on recovering this alloy postreaction," Kombargi says.
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                A researcher demonstrates "activating" aluminum by dipping an aluminum pellet in a mixture of gallium-indium. Credit: Tony Pulsone
            
        

    





                                                                                                                                            By the sea

In the team's new work, they found they could retrieve and reuse gallium indium using a solution of ions. The ions--atoms or molecules with an electrical charge--protect the metal alloy from reacting with water and help it to precipitate into a form that can be scooped out and reused.

"Lucky for us, seawater is an ionic solution that is very cheap and available," says Kombargi, who tested the idea with seawater from a nearby beach. "I literally went to Revere Beach with a friend and we grabbed our bottles and filled them, and then I just filtered out algae and sand, added aluminum to it, and it worked with the same consistent results."

He found that hydrogen indeed bubbled up when he added aluminum to a beaker of filtered seawater. And he was able to scoop out the gallium indium afterward. But the reaction happened much more slowly than it did in fresh water. It turns out that the ions in seawater act to shield gallium indium, such that it can coalesce and be recovered after the reaction. But the ions have a similar effect on aluminum, building up a barrier that slows its reaction with water.

As they looked for ways to speed up the reaction in seawater, the researchers tried out various and unconventional ingredients.

"We were just playing around with things in the kitchen, and found that when we added coffee grounds into seawater and dropped aluminum pellets in, the reaction was quite fast compared to just seawater," Kombargi says.


                                                                                                        
    
        
        
        
    

                                                                                                                                            To see what might explain the speedup, the team reached out to colleagues in MIT's chemistry department, who suggested they try imidazole--an active ingredient in caffeine, which happens to have a molecular structure that can pierce through aluminum (allowing the material to continue reacting with water), while leaving gallium indium's ionic shield intact.

"That was our big win," Kombargi says. "We had everything we wanted: recovering the gallium indium, plus the fast and efficient reaction."

The researchers believe they have the essential ingredients to run a sustainable hydrogen reactor. They plan to test it first in marine and underwater vehicles. They've calculated that such a reactor, holding about 40 pounds of aluminum pellets, could power a small underwater glider for about 30 days by pumping in surrounding seawater and generating hydrogen to power a motor.

"We're showing a new way to produce hydrogen fuel, without carrying hydrogen but carrying aluminum as the 'fuel,'" Kombargi says. "The next part is to figure out how to use this for trucks, trains, and maybe airplanes. Perhaps, instead of having to carry water as well, we could extract water from the ambient humidity to produce hydrogen. That's down the line."


                                                                                                                                                                            
                                        											
																								More information:
												Kombargi et al. Enhanced Recovery of Activation Metals for Accelerated Hydrogen Generation from Aluminum and Seawater, Cell Reports Physical Science (2024). DOI: 10.1016/j.xcrp.2024.102121. www.cell.com/cell-reports-phys ... 2666-3864(24)00399-0
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The world is saturated by services and products provided by companies that have a "secret grip" on the way we live. In 1951, the French-born American industrial designer Raymond Loewy described a typical day "of the average guy" from the moment he wakes up until he goes to bed. The point being that the average guy's life was saturated with designed products.


                                        
                                              
                                        
                                                                                                                                    In 2024, the average person may be woken by an alarm on a smartphone, and benefit from hot water that is controlled by smart heating controls--also linked to a smartphone and the internet. There might be a delivery tracked via the internet and a ring on a doorbell also linked to the internet. Online banking links them to an array of financial services.

Our lives are increasingly dependent on being able to access what I have termed the "cyber-energy-production plexus". This "plexus" is basically an interwoven combination of elements that form a structure or a system. Regulating our modern lives, it needs to be "on" every second of the day.

It has formed around the multiple connections between telecommunications, energy, and manufacturing and service systems. It exposes everyone to unknown risks, including the sudden failure of the plexus and all the services coupled to it.

On July 19 2024, part of this plexus failed when the faulty CrowdStrike software update caused an outage, and the outcome was a minor digital pandemic across the world as the computer systems of whole industries came to a halt.

Consumers and producers began to appreciate how dependent they had become on interlinked technologies. The next digital pandemic could bring down the complete plexus for a few hours or even days.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Hidden grip

Perhaps unsurprisingly, the internet is at the center of this plexus. There are more than 1,000 companies like CrowdStrike, whose actions can negatively impact on its functioning.

This of course includes the obvious names--Microsoft, Alphabet (Google, Google Cloud), Amazon, and Meta (Facebook). There are also less well-known companies like Cloudflare, which provides cloud cybersecurity services and domain name system services. Any disruption to Cloudflare results in problems accessing the cloud and disruption to the internet.

Then there are companies like Lumen Technologies, the US telecoms company that plays a critical role in global network connections. Lumen Technologies operates a tier one network. Tier one networks are the "motorways of the internet" as they provide high-capacity critical global links.

There are around 14 tier one networks. Any disruption of them would result in the fragmentation of the internet into smaller isolated networks that would be disconnected from one another. Without the tier one networks, tier two networks would be left to provide service support--and these operate only regionally or nationally.

The list also includes companies like Swift, which facilitates cross-border payments. More than 11,000 financial institutions are connected to Swift, and this company plays a central role in the global financial ecosystem.


                                                                                                                                            Any disruption to Swift could spark chaos, with problems transferring money around the world or some financial institutions experiencing duplication of payment transfers.

Then there are telecommunications companies, such as Verizon, Rogers or BT. Both Verizon (2019) and Rogers (2022) have been involved in localized internet outages of short duration. Rogers, the Canadian telecommunications company, updated its network in 2022 and the outcome was a one-day outage that impacted on the country's critical infrastructure--debit payments, banking services and even hospitals and emergency service calls.

The plexus is configured around satellites and around 1.5 million kilometers of submarine fiber-optic cables that connect continents but which people are largely unaware of. Something like a natural disaster could damage these cables at any time, causing a catastrophic failure.

And there is a symbiotic relationship between the plexus and energy generation. Power failure could be a result of a fault with the plexus, which itself cannot operate without power.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The complexity of the plexus means that it is vulnerable to human error, as appears to have been the case in the CrowdStrike event. Then there are equipment failures and maintenance issues. Bad weather can also impact its operation, causing localized outages.

On top of all this it could be vulnerable to various types of cyberattacks, such as malware or border gateway protocol hijacking. In addition, tier one network cables are critical global infrastructure and can be damaged accidentally or targeted by terrorists or hostile military forces.

For people, companies and governments the key is to have contingencies in place to be prepared for failures and outages. But most of us are unprepared.

Any long-term disruption to the plexus would make everyday living exceedingly difficult, with the potential for looting and disturbances if, for example, internet-connected alarms were hit.

In the most severe cases--thankfully not seen in the CrowdStrike incident but tragically present in the case of internet outages in Sudan when emergency food supplies were disrupted--plexus failures can even cause death.

All this suggests that while there are undeniable advantages from the evolution of the cyber-energy-production-plexus, there remain a great many known and unknown risks.
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Engineers design new valve to give soft robots resilience boost

									    

    
        
            [image: Soft robots given resilience boost by University of Sheffield engineers]
             
                Credit: University of Sheffield
            
        

    


A new type of valve that makes soft robots more resilient to damage, has been developed by engineers at the University of Sheffield.


                                        
                                              
                                        
                                                                                                                                    Reported in Science Robotics and developed by Dr. Marco Pontin and Dr. Dana Damian from the University's School of Electrical and Electronic Engineering, the new valve can automatically isolate damaged parts of a robot from the rest of the system. This prevents damage from spreading and allows the robot to continue functioning.

Soft robots are made from flexible materials that can bend and deform. This makes them well-suited for tasks that would be difficult or dangerous for traditional robots, such as working in delicate environments or interacting with humans. However, their flexible materials make them more susceptible to damage.

The valve works by using air pressure to control the flow of fluids through the robot. It can be used in two different modes:


	Forward operation mode: In this mode, the valve can isolate a punctured section of the robot in as little as 21 milliseconds. This prevents the leak from causing further damage and allows the robot to continue operating.

	Reverse operation mode: In this mode, the valve can protect the robot from overpressurization, which can cause the robot to burst.



The valve can also be used in a combined mode that allows the robot to adjust its own internal pressure and thus autonomously set itself up to isolate a burst. It is small and lightweight and can be easily integrated into existing soft robot designs. This makes it a promising solution for improving the resilience of soft robots and expanding their potential applications.
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                ROM behavior characterization and demonstration. Credit: Science Robotics (2024). DOI: 10.1126/scirobotics.adk9978
            
        

    



Dr. Dana Damian, Senior Lecturer at the University of Sheffield, said, "Soft robots carry the promise of being able to operate and work in the proximity of humans or inside humans as medical tools, and their resilience to faults is a primary feature of their adoption.

"The resilience mechanism we have come up with is suitable not only to extend these robots' operation lifetime but also to reduce their size, complexity, and cost because fault isolation or prevention is triggered passively in our valve by the fault itself. The intelligence of these soft robots is embedded in their body structure, which is what we call embodied intelligence."

Dr. Marco Pontin, Research Assistant in Soft and Resilient Machines at the University of Sheffield and a Postdoctoral Researcher at the University of Oxford, said, "Resilience is crucial for the self-preservation of biological systems. Our new valve mimics this in soft robot technologies by giving them a way to respond to damage and protect themselves passively."


                                                                                                                                                                            
                                        											
																								More information:
												Marco Pontin et al, Multimodal soft valve enables physical responsiveness for preemptive resilience of soft robots, Science Robotics (2024). DOI: 10.1126/scirobotics.adk9978
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Engineers develop technique that enhances thermal imaging and infrared thermography for police, medical and military use

									    

    
        
            [image: Engineer develops technique that enhances thermal imaging and infrared thermography for police, medical, military use]
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A new method to measure the continuous spectrum of light, developed in the lab of University of Houston professor of electrical and computer engineering Jiming Bao, is set to improve thermal imaging and infrared thermography, techniques used to measure and visualize temperature distributions without direct contact with the subject being photographed.


                                        
                                              
                                        
                                                                                                                                    Because they are highly sensitive, thermal cameras and infrared thermometers measure temperature accurately from a distance , making them versatile and valuable tools in many fields from the military to medical diagnostics. They detect infrared radiation, invisible to the human eye, and convert it into visible images. Different colors on the image represent varying temperatures, allowing users to see heat patterns and differences.

Applications include:


	Medical diagnostics: Identifying inflammation and poor blood flow

	Building inspections: Detecting heat loss, insulation issues and water leaks

	Military, security and surveillance: Spotting people or animals in low visibility conditions

	Mechanical inspections: Finding overheating machinery or electrical faults



Both techniques rely on the principle of blackbody radiation--a theoretical perfect emitter--where objects emit infrared radiation based on their temperature. By capturing this radiation, the tools provide valuable insights into the thermal properties and behaviors of various objects and environments.

Thermal cameras and infrared thermometers cannot provide accurate readings because they rely on emissivity, a measure of how effectively a real object emits thermal radiation, and that varies with temperature--to determine temperature. Multi-spectral techniques address this by measuring infrared intensity at multiple wavelengths, but their accuracy depends on their emissivity models.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "We designed a technique using a near-infrared spectrometer to measure the continuous spectrum and fit it using the ideal blackbody radiation formula," reports Bao, in the journal Device. "This technique includes a simple calibration step to eliminate temperature- and wavelength-dependent emissivity."

Bao demonstrates his technique by measuring the temperature of a heating stage with errors less than 2degC and measuring the surface temperature gradient of a catalyst powder under laser heating. Using the near-infrared spectrometer, thermal radiation from a hot target is collected with an optical fiber and recorded by a computer. The collected spectrum is normalized using a system calibration response and fitted to determine the temperature.

"This technique overcomes challenges faced by conventional thermal cameras and infrared thermometers due to the unknown emissivity of targets and reveals much higher surface temperatures of photothermal catalysts than those measured by a buried thermocouple under strong light illumination," said Bao.


                                                                                                                                                                            
                                        											
																								More information:
												Non-contact Thermometer for Measuring Surface Temperature of Photothermal Catalysts Using Near-infrared Blackbody Radiation Spectrum, Device (2024). DOI: 10.1016/j.device.2024.100467. www.cell.com/device/fulltext/S2666-9986(24)00342-9
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Chemists at Kaunas University of Technology (KTU), Lithuania have synthesized materials that can improve solar elements for indoor use. Such photovoltaic cells, which can also be integrated into various electronic devices, generate electricity even in low-light conditions.


                                        
                                              
                                        
                                                                                                                                    Their study is published in ACS Applied Materials & Interfaces.

Consumption of oil and gas results in an increase of atmospheric temperatures, leading to global climate change, currently labeled a climate crisis. To combat this problem, efforts are being made to use renewable and environmentally friendly energy sources such as wind, water and solar power.

"Wind and hydro energy are constrained by high costs and location dependency, while solar energy is flexible, efficient and relatively inexpensive. However, the energy from indoor light sources and natural light entering through windows is lost every day," says Juozas Vidas Grazulevicius, Professor at the KTU Faculty of Chemical Technology and Head of the Chemistry of Materials research group.

According to Prof. Grazulevicius, this can be solved by indoor photovoltaics, which generate electricity even in low-intensity light conditions.
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                Prof. Juozas Vidas Grazulevicius, KTU Faculty of Chemical Technology. Credit: Kaunas University of Technology
            
        

    




A clear market niche for efficient indoor solar cells

"Perovskite photovoltaic cells for indoor use can be integrated into mobile phones, pocket flashlights and other electronic devices; they can generate electricity under artificial light. Using Internet of Things (IoT) technologies, this electricity can be used to efficiently regulate the operation of devices and optimize energy consumption," says Dr. Asta Dabuliene, Senior Researcher at the Chemistry of Materials research group, KTU.


                                                                                                        
    
        
        
        
    

                                                                                                                                            With the rapid development of IoT technologies, the market for photovoltaic cells for indoor use has expanded significantly. High-performance, low-cost and versatile indoor PV cells are therefore the key to filling this market gap.

Dr. Dabuliene has synthesized a series of new efficient hole-transporting thiazol[5,4-d]thiazole derivatives for indoor perovskite photovoltaic cells. The main function of their layers is to selectively transport holes (positive charge carriers) while blocking electrons (negative charge carriers). This selective charge transport helps in reducing recombination losses, thereby improving the overall efficiency of the solar cell.

"An ideal hole transporting semiconductor for these applications would possess high hole mobility and good energy level alignment with those of adjacent layers," explains dr. Dabuliene.

A thiazol[5,4-d]thiazole derivative containing a triphenylamine donor fragment, synthesized by KTU researcher Dr. Dabuliene, has been used by a research team at Ming Chi University of Technology (Taiwan) to develop perovskite solar cells for indoor use. The KTU-developed organic semiconductor allowed it to reach a power conversion efficiency of 37.0% under 3000 K LED (1,000 lx) illumination. Studies have shown the great potential of thiazol[5,4-d]thiazole derivatives for increasing the efficiency of perovskite solar cells.

The proposed innovation for indoor solar cells is the result of the work of an international team of scientists. Researchers from the KTU Chemistry of Materials research group have developed and synthesized organic semiconductors that efficiently transport positive charges and studied their properties.

The theoretical studies of the new compounds were carried out by scientists from King Abdullah University of Science and Technology (Saudi Arabia). Researchers at Ming Chi University of Technology in Taiwan have constructed and characterized perovskite solar cells for indoor use.
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Friday's global IT outage--caused by a faulty software update from cybersecurity firm Crowdstrike--wrought havoc on business operations around the world.


                                        
                                              
                                        
                                                                                                                                    Severe disruptions were reported in multiple countries, including Australia, New Zealand, Japan, India, the United States and the United Kingdom. Many businesses were unable to access critical systems and data, leading to significant delays and financial losses.

As the crisis struck, many of us would have been preoccupied with its immediate consumer impacts--hospital systems going down, some supermarkets operating cash-only, flights getting delayed, and news anchors reading from printed notes.

But it's often forgotten that our supply chains--the complex networks that turn raw materials into finished products and get them where they're needed--have also become deeply integrated with technology. They were hit hard too.

Over the past few decades, advanced IT systems have been adopted in supply chains to better manage inventory, coordinate shipping and logistics, make decisions and share information.

This technology has brought enormous benefits to supply chain management. But it has also introduced major new vulnerabilities, as we've just seen first hand. We need to be better prepared to face similar crises in future.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Supply chains depend on technology

Advanced IT systems now enable real-time tracking, automated inventory management, and seamless communication across global supply chains. This has made them more efficient, transparent and responsive.

But to achieve such precision and speed, they've also become highly interdependent. Making supply chains operate efficiently hinges on the timely success of everyone--and all the technology--involved.

We've now seen just how quickly things can come undone.

Transport systems in particular were hit hard. In the wake of the outage, both shipping companies and ports reported disruptions.

Many people have been directly affected by canceled or delayed passenger flights. But Delivery firm Parcelhero has warned there could also be significant ripple effects for air freight:

"Not only will slots for dedicated airfreight flights be disrupted, but many international goods and packages are transported not only in specially designed cargo planes but also in the cargo holds of passenger aircraft."

Other air freight experts have suggested a full recovery could take days or even weeks.

The finance and retail sectors also have an important role to play in supply chains, and faced their own disruptions.

Many Australian banks faced outages, as did major accounting software providers myob and Xero. Many retail operations, particularly those with extensive e-commerce platforms, saw customers face delays in order processing and delivery.

Some further impacts of the outage may not be visible immediately. We'll only be able to see them as they propagate through supply chains over time.


                                                                                                                                            How can companies be better prepared?

Any one of these disruptions in isolation would have been a significant incident. For them all to happen at once made Friday's crisis strikingly rare. That doesn't mean businesses shouldn't be prepared. The question is when, not if, the next global IT outage will occur.

The nature of Friday's outage made its impacts difficult to avoid. But not all IT threats are the same. To build more resilient supply chains, businesses within them need to have robust contingency plans in place--even if it means maintaining the ability to perform key processes manually and use paper records (as many did on Friday).

One strategy is for businesses to diversify their sources of key software and technology. This helps avoid over-reliance on what might become a single point of failure. Risks should be monitored proactively, with regular stress tests and audits.

Investing in cybersecurity measures can also often prevent and minimize the impact of many IT threats. This includes regularly updating software, training staff on best practices and employing relevant advanced security technologies.

Educating staff on identifying and responding to potential IT issues is also crucial to reducing human error. There also need to be clear communication channels in place during outages to maintain transparency and trust. These protocols should be updated regularly.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Don't put all your eggs in one basket

One of the biggest things to account for in supply chain management is the risk a single "link" breaks--perhaps a key supplier becomes unable to produce a particular input, or it can't be transported in time.

On top of diversifying the software systems used for key tasks, businesses should also diversify their sources of key inputs and logistics needs.

Diversifying suppliers mitigates the risk of depending on a single source and means a business has alternative options. Ideally, this allows it to continue operations relatively smoothly when supply is disrupted.

Bringing manufacturing and logistics onshore or to a nearby country (nearshoring) can also help mitigate the risks from international disruptions. And shortening the supply chain by reducing the number of middlemen can reduce potential points of failure.

Recovering quickly is important

How quickly a supply chain can recover from an IT outage or other crisis depends on its preparedness and resilience. Many of the strategies we've discussed can significantly reduce recovery times and minimize operational disruptions, allowing businesses to get back to normal.

New technologies have been a boon for supply chain management, but they have also added huge new vulnerabilities. Taking a proactive approach to cybersecurity and contingency planning can't prevent all disasters, but it remains a business' best bet.
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Britain's new Labour government launched its flagship green energy infrastructure plan on Tuesday, announcing a multi-billion-pound partnership with the business arm of the royal family to develop offshore wind farms.


                                        
                                              
                                        
                                                                                                                                    Prime Minister Keir Starmer is establishing a publicly owned body called Great British Energy to spearhead funding in domestic renewable energy projects as the UK weans itself off fossil fuels.

"There is a massive prize within our reach, and make no mistake the race is on to get there," Starmer said of his pledge to ensure Britain's energy "independence".

His government has allocated PS8.3 billion ($10 billion) of public money over the next five years as Labour aims to meet Britain's climate change targets.

It also wants to bring down the price of energy by reducing reliance on foreign imports of oil and gas.

GB Energy will also seek to attract private investment, and the government announced a first tie-up with the monarchy's land and property holdings company that aims to leverage private investment of PS60 billion.

The Crown Estate is an independently run business whose profits go to the government, which passes on a small portion to the monarchy to support official duties of the royal family.

It is one of Europe's biggest property empires, owning vast swathes of Britain's seabed with a huge commercial potential in developing offshore wind power generation.

The Crown Estate estimates that its GB Energy partnership will lease enough offshore land to produce up to 30 gigawatts of new energy, enough to power almost 20 million homes, by 2030.

The UK currently produces only 14 gigawatts of energy through offshore wind, according to government data.


                                                                                                        
    
        
        
        
    

                                                                                                                                            'Clean energy superpower'

The government was introducing its legislation to establish GB Energy into parliament on Thursday.
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The company is the bedrock of Labour's pledge made before its landslide general election victory against the Conservatives on July 4 to make Britain a "clean energy superpower".

Labour, in power for the first time since 2010, is committed to meeting the UK's legal obligation of reaching net zero carbon emissions by 2050.

It also wants to decarbonize Britain's electricity grid by 2030, although experts have said the ambitious target will be difficult to meet.

Starmer's government has already ended a ban on new onshore wind farms in England that the Conservatives imposed in 2015.

The government is introducing a separate bill to widen the investment powers of the Crown Estate, giving it more scope to borrow for investments including offshore wind projects.

It has also proposed boosting investment in sustainable aviation fuel plants across the country.

Profit from the Crown Estate more than doubled last year to a record PS1.1 billion, driven by a short-term boost from offshore wind farms, according to annual accounts published on Wednesday.

The government says GB Energy will have five key functions, including leading projects and building supply chains. It will not produce its own power.

New technologies it will invest in include carbon capture and storage, hydrogen, wave and tidal energy.

The public financing of the body will be funded through windfall taxes levied on oil and gas companies.

British customers' energy bills have soared since key producer Russia launched a full-scaled invasion of neighboring Ukraine in February 2022.

Labour maintains the party's net-zero energy plans will save households PS300 a year on their bills.

But the Conservatives' energy spokeswoman Claire Coutinho called GB Energy "nothing but a gimmick that will end up costing families, not cutting bills".
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Meta oversight board wants deepfake rules for AI Age
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Meta's oversight board on Thursday called on the tech titan to bring its rules regarding porn deepfakes out of the "photoshop" days and into the era of artificial intelligence.


                                        
                                              
                                        
                                                                                    The independent board, which is referred to as a top court for Meta content moderation decisions, said it came up with the recommendation after reviewing two cases involving deepfake images of high-profile women in India and the United States.

In one case a deepfake shared on Instagram was left up despite a complaint and in the other the faked image was not allowed on the Meta platform. Both decisions prompted appeals to the board.

The board decided that the deepfakes involved in both cases violated a Meta rule against a practice called "derogatory sexualized photoshop", which needs to be made easier for people to understand, it said.

The board said that Meta defined the term as involving manipulated images sexualized in ways likely to be unwanted by those pictured.

Photoshop software for image editing was first released in 1990, and was so widely used it became a common reference for image tweaking.

But, referring to "photoshop" in a rule regarding porn deepfakes is "too narrow" with technology like generative AI available to create images or videos with simple text prompts, the board concluded.

The oversight board suggested Meta make clear it does not allow AI-created or manipulated non-consensual sexual content.

While Meta has agreed to abide by board decisions regarding specific content moderation decisions, it takes policy suggestions as recommendations it can adopt if it sees fit.
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Using AI to train AI: Model collapse could be coming for LLMs, say researchers
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Using AI-generated datasets to train future generations of machine learning models may pollute their output, a concept known as model collapse, according to a new paper published in Nature. The research shows that within a few generations, original content is replaced by unrelated nonsense, demonstrating the importance of using reliable data to train AI models.


                                        
                                              
                                        
                                                                                    Generative AI tools such as large language models (LLMs) have grown in popularity and have been primarily trained using human-generated inputs. However, as these AI models continue to proliferate across the Internet, computer-generated content may be used to train other AI models--or themselves--in a recursive loop.

Ilia Shumailov and colleagues present mathematical models to illustrate how AI models may experience model collapse. The authors demonstrate that an AI may overlook certain outputs (for example, less common lines of text) in training data, causing it to train itself on only a portion of the dataset.

Shumailov and colleagues also investigated how AI models responded to a training dataset that was predominantly created with artificial intelligence. They found that feeding a model AI-generated data causes successive generations to degrade in their ability to learn, eventually leading to model collapse.

Nearly all of the recursively trained language models they tested tended to display repeating phrases. For example, a test was run using text about medieval architecture as the original input and by the ninth generation the output was a list of jackrabbits.

The authors propose that model collapse is an inevitable outcome of AI models that use training datasets created by previous generations. In order to successfully train artificial intelligence with its own outputs, Shumailov and colleagues suggest that training a model with AI-generated data is not impossible, but the filtering of that data must be taken seriously.

At the same time, tech firms that rely on human-generated content may be able to train AI models that are more effective over their competitors.
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Self-amputation may seem like a drastic move, but it's a survival tactic that's proved particularly handy for numerous creatures. Yale roboticists have drawn inspiration from lizards, crabs, and other animals who shed parts of themselves without looking back, all for the purpose of moving forward.


                                        
                                              
                                        
                                                                                                                                    Outside the lab, a robot could face many potential perils: A falling tree limb, perhaps, or getting stuck under a rock on a search-and-rescue mission. In most cases, that would be it for the robot. But the lab of Prof. Rebecca Kramer-Bottiglio has developed a technology that allows a robot to selectively disconnect its limbs and free itself from such potential pitfalls.

Conversely, it allows separate robots to join together to take on tasks that they couldn't do on their own. The work is detailed in Advanced Materials.

Critical to the technology is a material that the roboticists invented in the lab that they call a bicontinuous thermoplastic elastomer. The thermoplastic they use is a rubbery solid at room temperature that melts into a liquid at about 284 degF. It's infused in a foam-like structure made from silicone that holds the thermoplastic in place when it's melted into a liquid.


    
    
    
        
        
    
         
             
         

        Credit: Yale University
  


How it works

Two silicone bodies each have a layer of bicontinuous thermoplastic elastomer on their exposed surfaces. The foams are heated so that the thermoplastic melts into liquid. The silicone matrix holds the molten material like a sponge, preventing it from flowing out.

Upon contact of the two parts, the molten material combines into a continuous liquid mass. The material then cools and solidifies to connect the two parts. And to disconnect, the joint is heated so that the material melts and weakens, allowing the two parts to separate easily.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "So if the robot is doing its normal operations and walking around the wild, but then something happens to one of its legs--a big rock falls on it, for example--normally the whole robot would be stuck if it were cast in whole," said Bilige Yang, a Ph.D. student and the lead author of the work.

"But because we have the ability to melt away and weaken this joint where the material is, the rest of the robot will be able to walk away without its amputated leg."

It's a similar tactic used by lizards; if an attacker grabs its tail, the lizard automatically releases the limb and scurries to safety. And a crab will shed an injured appendage that's slowing it down. But the Kramer-Bottiglio lab also points to the world of ants as a source of inspiration. For instance, many ants can link up to form a bridge to cross a gap on the forest floor or form into the shape of a ball to float on water.

Yang points to two small robotic devices on a counter in the lab, and a gap too wide for either of them to safely cross alone.

"If each individual robot tried to cross the gap, it would just fall through," he said. "But if you have a few of them together, they can make it across. You can imagine this in different types of search-and-rescue missions where the robot will be able to navigate these types of scenarios much better."

Next, the research team will apply this technology to many other soft robots they've developed in the laboratory.

"Our material not only aids in robot survival--it enables dynamic shape-change," Kramer-Bottiglio said. "Robotic modules can self-reconfigure into different morphologies to perform tasks that demand specific shapes and behaviors."
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Memristive radiofrequency switches show improved performance for mmWave applications

                                        by Ingrid Fadelli                                                                                , Tech Xplore
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                a, Optical microscope image of a meta/h-BN/metal array and RF de-embedding structures. b, Cross-sectional TEM images of a Au/CVD h-BN/Au device, showing layered structure. c, Characteristic I-V curves displaying at least 100 consecutive cycles for each device area. d, Conductance-enhancing protocol using 10 ms voltage pulses. e, Variability resistance through 475 cycles of a single device switched following the protocol from d. f, Circuit schematic and optical microscope image of a series-shunt Au/h-BN/Au device. g, Comparison of losses (S21ON) between conductance-optimized Au/h-BN/Au devices, non-optimized devices and other switching technologies. h, Isolation enhancement (better than 35 dB up to 120 GHz) with series-shunt Au/h-BN/Au. i, Schematic and layout of the evaluated phase-shifter as potential use-case. Credit: Pazos et al. (Nature Electronics, 2024).
            
        

    


Radiofrequency (RF) switches are electronic components that control the routing of RF signals between different segments of circuits, for instance turning the signals on and off or redirecting them. These switches are central to the functioning of numerous communication technologies, including smartphones, cell towers, and wireless networks.


                                        
                                              
                                        
                                                                                                                                    Researchers at King Abdullah University of Science and Technology, Universitat Autonoma de Barcelona and other institutes recently developed memristive radiofrequency switches that can operate at remarkable frequencies beyond 100 GHz. These switches, presented in a paper published in Nature Electronics, could contribute to increasing the data transmission rates of existing communications devices.

The radiofrequency switches developed by the researchers are based on memristors, two-terminal electronic devices that can change their electrical resistance after being subjected to carefully tailored electrical stress. Memristors essentially act as switches, toggling on-demand between an OFF (i.e., with high resistance blocking the current flow) and ON (i.e., with low resistance allowing current to flow) state.

"RF data transmission switches for millimeter wave (mmWave) applications are a fundamental building block in modern wireless transceivers covering 5G and 6G communication bands," Mario Lanza, leading author of the paper, told Tech Xplore.

"The concept of their functionality is rather straightforward: they switch between (i) blocking a high-frequency signal from different sections of a circuit (isolation), and (ii) transmitting it with the least power loss possible. As simple as this may sound, it is actually very challenging, particularly as wideband communication standards are being pushed to higher frequencies (beyond hundreds of GHz) to improve data rates for telecommunications."


                                                                                                        
    
        
        
        
    

                                                                                                                                            At frequencies over 100 GHz, non-idealities, device parasistics and performance need to be carefully and collectively considered to attain acceptable performances. These needs are addressed by different components within integrated circuits (ICs), including micro-electro-mechanical systems (MEMSs), semiconductor devices like transistors, diodes or varactors, and, more recently, also memristors based on metal-insulator transition materials.

All these components have their unique advantages. However, utilizing them to develop wireless communication solutions that can operate at frequencies beyond 100Gz has so far proved highly challenging.

"Memristors are relatively simple structures, sandwiching an insulating or semiconducting layer between metal electrodes (namely, a capacitor), and capable of persistently switching their electrical resistance through electrical stimuli," said Dr. Sebastian Pasos, first author of the study.

"Memristors made of single-layer 2D materials--such as hexagonal boron nitride (h-BN) or molybdenum disulfide (MoS2)--have been explored for use as RF switches."

The application of controlled stress to single-layer 2D material-based memristors prompts the formation and disruption of a conductive metallic filament. This filament results in a very low resistance when the devices are in the ON state, enabling operating frequencies of up to 480 GHz.


                                                                                                                                            While they were found to attain promising operating frequencies, memristive radiofrequency switches based on single-layer 2D materials often come with significant limitations. Most notably, they often exhibit a limited endurance and an unclear yield, which can vary greatly across different devices and cycles.

"The simple series switch architecture typically studied also has limited applicability," Pazos said. "To sort out the endurance and variability issue, we thought of using multilayered h-BN (instead of monolayer) with which we have experienced a higher yield of memristors in the past. Therefore, we fabricated large arrays of metal/h-BN/metal memristors laid-out on a RF waveguide structure that allows characterizing the devices at high frequencies."

The multilayer h-BN RF switches developed by Lanza and his colleagues operate via the control of one or multiple conductive filaments across the h-BN. The formation, growth, and progressive disruption of these filaments can be prompted by carefully applying stressing electrical signals to the memristors, in the form of voltage/current pulses.

"Multilayered h-BN fabricated through chemical vapor deposition (CVD) is characterized by a good insulating performance, with relatively low dielectric constant (~4)," Lanza said.

"A unique characteristic of this insulator is the presence of clusters of defects that facilitate filamentary resistive switching through migration of metallic ions while constraining the growth of the filament within these defective regions surrounded by highly stable crystalline h-BN."


                                                                                                        
    
        
        
        
    

                                                                                                                                            The metallic filaments formed in the team's device can be disrupted by the flow of current via a process known as Joule heating. This enables the switching of electromagnetic signals in the devices under any stress polarity.

In other words, the team's switches can be operated with positive or negative voltages, but also via a combination of both, as opposed to other memristors that only work if voltages of both polarities are applied to them. This could facilitate the integration of the new memristive RF switches inside circuits, as it simplifies their operation.

"The fact that the filaments are metallic, thanks to the unique properties that make h-BN a mostly inert insulator in the memristive structure (enables free migration of metallic ions without exchanging other ions, like oxygen, with the metal electrodes), allows for a very low ON resistance that results in very low power losses (< 1 dB) at frequencies as high as 120 GHz," Lanza explained.

"Moreover, their simple structure of metal-insulator-metal sandwich makes them easy to integrate in a wide range of technology platforms and applications, ranging from monolithic integrated circuits, to microstrip and multilayered PCB technologies."

The recent study by Lanza and his colleagues demonstrates the potential of multilayer h-BN memristors for developing next generation communications technologies, showing that they can serve as high frequency switches. These memristive RF switches could potentially contribute to the introduction of future mobile network standards for faster communication, such as 5G and 6G.


                                                                                                                                            Using pulsed control, Lanza and his colleagues were also able to attain a very low ON resistance in their devices, which is a key requirement for enabling high frequencies operation. This promising, low ON resistance was also accompanied by limited cycle-to-cycle variability, meaning that the team's device performed remarkably well between switching events and maintained its performance after hundreds and even thousands of switching cycles.

"Attaining these results is a fundamental challenge for memristors in general and particularly for 2D material-based memristors for RF mmWave applications," Lanza said.

"In fact, we reported an improvement of at least 10x compared to previous efforts. Moreover, building RF switching circuits through arrangements of memristors in series and shunt configurations gives a more practical scope to these memristive devices that has not been previously achieved.

"This is attained while showing potentially competitive performance with well-established technologies for RF switching (such as CMOS switches or phase change memristors) but into much higher frequencies exceeding 200 GHz."

The new memristive RF switches introduced by this team of researchers could soon be integrated into various ICs, to further assess their performance and real-world potential. A crucial advantage of these promising devices is that they should theoretically be easy to integrate with well-established electronics and fabrication processes.

"We have already shown in previous work that h-BN memristors can be integrated with CMOS circuits with promising performance results for memory and neuromorphic applications," Lanza added.

"Furthering this into the high frequency RF/mmWave realm will now help us build more elaborate applications that harvest the potential of our devices, further improve their reliability and get us even closer to real world applications. This can maximize the impact of this technology and provide a possible solution for next generation mmWave circuits, such as configurable high frequency communication circuits, components, and on-chip antenna arrays."
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Boeing will plead guilty to fraud as part of a deal with the US Department of Justice over two fatal 737 MAX crashes, according to a court filing Wednesday.


                                        
                                              
                                        
                                                                                                                                    The agreement comes after prosecutors concluded Boeing flouted an earlier settlement addressing the disasters, in which a total of 346 people were killed in Ethiopia and Indonesia more than five years ago.

The plea deal must be approved by a federal court judge and it includes an additional $243.6 million to be paid by Boeing on top of a previous fine of the same amount.

"We will continue to work transparently with our regulators as we take significant actions across Boeing to further strengthen our safety, quality and compliance programs," a spokesperson for the aircraft manufacturer told AFP while confirming the court filing.

The high-profile agreement follows the DOJ finding in May that Boeing failed to improve its compliance and ethics program, in breach of a 2021 deferred prosecution agreement (DPA) in the wake of the MAX crashes.

Boeing violated the DPA "by failing to sufficiently design, implement, and enforce a compliance and ethics program to prevent and detect violations of US fraud laws throughout its operations," prosecutor said in court documents.

Boeing conspired to defraud US air traffic safety regulators about the Max 737 while the aircraft was being certified, according to the filing.

Boeing admitted in April 2019 that anti-stall flight software was partly to blame in the crashes.

Terms of the plea deal call for Boeing to serve three years of "organizational probation", conditions of which include having an independent monitor and investing at least $455 million on compliance, quality and safety programs, according to the filing.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Facing families

Families of crash victims have objected to the deal, arguing that it "unfairly makes concessions to Boeing that other criminal defendants would never receive."

The company's board of directors will be required to meet the families of victims of the crashes in 2018 and 2019 crashes under terms of the plea deal.

Families of victims declined to comment Wednesday but have said previously they will ask the court to reject the plea deal.

"The generous plea agreement rests on deceptive and offensive premises," said an objection filed by their legal team when word of the plea deal first surfaced.

The original DPA was announced in January 2021, over charges that Boeing knowingly defrauded US aviation regulators.

That agreement required Boeing to pay $2.5 billion in fines and restitution in exchange for immunity from criminal prosecution.

A three-year probationary period was set to expire this year.

But in January, Boeing was plunged back into crisis mode when a 737 MAX flown by Alaska Airlines was forced to make an emergency landing after a fuselage panel blew out mid-flight.

The incident launched a new wave of scrutiny into Boeing's manufacturing and safety practices, with formal probes initiated by US regulators and Congress.

In a May 14 letter to the court overseeing the MAX case, DOJ officials said that Boeing flouted its obligations under the DPA by "failing to design, implement, and enforce a compliance and ethics program to prevent and detect violations of the US fraud laws throughout its operations."

The conclusion opened up the company to possible prosecution, with Boeing initially arguing it had not violated the 2021 agreement.
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Mark Zuckerberg, the founder of Facebook and CEO of Meta, has become an unexpected evangelist for open source technology when it comes to developing artificial intelligence, pitting him against OpenAI and Google.


                                        
                                              
                                        
                                                                                                                                    The 40-year-old tech tycoon laid out his vision in an open letter titled "Open Source AI is the Path Forward" this week. Here is what you need to know about the open versus closed model AI debate.

What is 'open source'?

The history of computer technology has long pitted open source aficionados against companies clinging to their intellectual property.

"Open source" refers to software development where the program code is made freely available to the public, allowing developers to tinker and build on it as they wish.

Many of the internet's foundational technologies, such as the Linux operating system and the Apache web server, are products of open source development.

However, open source is not without challenges. Maintaining large projects, ensuring consistent quality, and managing a wide range of contributors can be complex.

Finally, almost by definition, keeping open source projects financially sustainable is a challenge.

Why is Meta AI 'open source'?

Zuckerberg is probably the last person you would expect to embrace open source.

The company maintains total control over its Instagram and Facebook platforms, leaving little to no leeway for outside developers or researchers to tinker around.

The Cambridge Analytica scandal, in which an outside vendor was revealed in 2018 to be using the platform to gather user information for nefarious practices, only made the company more protective.

Meta's sudden embrace of the open source ethos is driven by its bitterness towards Apple, whose iPhone rules keep a tight control on what Meta and all outside apps can do on their devices.

"One of my formative experiences has been building our services constrained by what Apple will let us build on their platforms," Zuckerberg said.

"Between the way they tax developers, the arbitrary rules they apply, and all the product innovations they block from shipping, it's clear that Meta and many other companies would be freed up if...competitors were not able to constrain what we could build," he wrote.

That concern has now spread to generative AI, but this time it is Microsoft-backed OpenAI and Google that are the closed-fence culprits that charge developers and keep a tight lid on their AI technology.

Doubters argue that Meta is embracing open source because it came late to the AI party, and is seeking to blow open the field with free access to a powerful model.


                                                                                                        
    
        
        
        
    

                                                                                                                                            What is Llama?

Meta's open source LLaMA 3.1 (for Large Language Model Meta AI) is the company's latest version of its generative AI technology that can spew out human standard content in just seconds.

Performance-wise, it can be compared to OpenAI's GPT-4 or Google's Gemini, and like those models is "trained" before deployment by ingesting data from the internet.

But unlike those models, developers can access the technology for free, and make adaptations as they see fit for their specific use cases.

Meta says that LLaMA 3.1 is as good as the best models out there, but unlike its main rivals, it only deals with text, with the company saying it will later match the others with images, audio and video.

Security threat

In the rivalry over generative AI, defenders of the closed model argue that the Meta way is dangerous, as it allows bad actors to weaponize the powerful technology.

In Washington, lobbyists argue over the distinction, with opponents to open source insisting that models like Llama can be weaponized by countries like China.

Meta argues that transparency assures a more level playing field and that a world of closed models will ensure that only a few big companies, and a powerhouse nation like China, will be in control.

Startups, universities, and small businesses will "miss out on opportunities," Zuckerberg said.
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Ford shares tumbled Wednesday after the automaker reported lower than expected profits on higher costs connected to product launches and warranty repairs for older model vehicles.


                                        
                                              
                                        
                                                                                    Profits fell 4.5 percent to $1.8 billion, while revenues rose 6.3 percent to $47.8 billion.

The results translated into per-share profits that lagged analyst estimates, even as Ford maintained its full-year range for estimated operating profit.

Shares dropped 11.5 percent in after-hours trading.

Wholesale auto sales rose compared with the year-ago period, but Ford struggled with elevated warranty costs in the second quarter.

Chief Financial Officer John Lawler said the repair costs were tied to vehicle years 2021 and earlier.

The company pointed to an improved rating from JD Power on quality, consistent with what CEO Jim Farley has described as an industrial makeover for the 121-year-old company as it remakes itself for the electric era.

"Our quality is improving," Lawler said in a conference call with reporters, adding that the second-quarter warranty costs rose $700 million compared with the 2023 period.

Lawler also pointed to elevated costs connected to product launches in the first half of 2024 for the new F-series pickup truck and Explorer sport utility vehicle.

The company has held some vehicles for longer than expected to ensure quality, Lawler said.

"We can't read this quarter as (a sign) that the year is coming off track," Lawler said. "It's not. We're very confident in where we're at this year."

Lawler said vehicle pricing is trending with expectations for about a two percent erosion during 2024 as auto inventories rise, with pricing weakening in the second half of the year compared with the first six months.

Ford's full-year outlook reaffirmed an annual estimated loss of $5 to $5.5 billion for electric vehicles. Ford has vowed to improve profitability in the unit as vehicle output rises in response to rising demand.
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US lawmakers voiced "concern" Wednesday over Meta's decision to shut down CrowdTangle--a digital tool considered vital in monitoring falsehoods -- in a major election year, urging the tech giant to delay the move by six months.


                                        
                                              
                                        
                                                                                                                                    The Palo Alto company has said CrowdTangle will be unavailable after August 14--less than three months before the US election.

Meta plans to replace it with a new tool that researchers say lacks the same functionality, and which many news organizations will not have access to.

"We write with concern about Meta's announced plan to end access" to the "powerful transparency tool," a group of bipartisan lawmakers wrote in a letter to Chief Executive Mark Zuckerberg.

"We urge Meta to, at a minimum, postpone this plan for six months and provide further information about its plans and commitment to ensure sufficient transparency for independent research going forward."

The letter seen by AFP was signed by 17 lawmakers -- on both sides of the political aisle -- including senators Chris Coons (Democrat) and Bill Cassidy (Republican) as well as representatives Lori Trahan (Democrat) and Neal Dunn (Republican).

CrowdTangle has been a game-changer for years, offering researchers and journalists crucial real-time transparency into the spread of conspiracy theories and hate speech on influential Meta-owned platforms, including Facebook and Instagram.

Meta is set to replace CrowdTangle with a new Content Library, a technology still under development.

It's a tool that some in the tech industry, including former CrowdTangle chief executive Brandon Silverman, say is currently not an effective replacement, especially in elections likely to see a proliferation of falsehoods enabled by artificial intelligence.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "We are deeply concerned that Meta Content Library has significant limitations that make it an inadequate replacement for CrowdTangle at the current time," the lawmakers wrote.

"There are also questions of how many organizations will have access to and the practical ability to use Meta Content Library if CrowdTangle access is ended."

There was no immediate comment from Meta.

Organizations that debunk misinformation as part of Meta's third-party fact-checking program, including AFP, will have access to the Content Library.

But the tech giant, which has been moving away from news across its platforms, will not make the new tool accessible to for-profit media.

Journalists have used CrowdTangle in the past to investigate public health crises as well as human rights abuses and natural disasters.

Killing off the tool is seen as a major blow in a year when dozens of countries are holding elections--a period when bad actors typically spread false narratives more than ever.

Earlier this year, global nonprofit Mozilla Foundation voiced alarm in an open letter to Meta that was signed by dozens of tech watchdogs and researchers.

Decommissioning CrowdTangle would be a "direct threat" to the integrity of elections, the letter warned, calling on Meta to retain CrowdTangle at least until January 2025.
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Nissan tumbled more than 10 percent on Thursday after the Japanese automaker issued a profit warning, citing "intense sales competition", especially in the United States.


                                        
                                              
                                        
                                                                                                                                    The company and its domestic rivals are also struggling to stand their ground in China's market as fast-growing electric vehicle firms backed by Beijing race ahead.

Net profit in the first quarter plunged 73 percent year-on-year to 28.6 billion yen ($190 million), Nissan said--far below analyst expectations of 97.1 billion yen.

The auto giant now predicts a full-year net profit of 300 billion yen ($2 billion), down from 380 billion yen previously forecast.

"Our first-quarter results were very challenging" and "we have implemented measures to recover our performance," CEO Makoto Uchida said in a statement.

"From the second half we aim to maximize sales of new and refreshed models to achieve the revised forecast of sales volume and profit," he added.

Although global sales remained even, "profit was impacted by increased sales incentives and marketing expenses to meet intense sales competition and optimize inventory," particularly in the United States, Nissan said.

The disappointing first-quarter earnings come after the company nearly doubled full-year net profit in 2023-24, partly thanks to the weak yen inflating its takings.

On Thursday, Nissan shares tanked 11 percent right after the earnings release but recovered to close down 6.98 percent.


                                                                                                        
    
        
        
        
    

                                                                                                                                            In China, competition also "remained intense", but Nissan performed well among international brands, chief financial officer Stephen Ma said.

Uchida said at a Financial Times summit in May that Nissan would work with Chinese firms to launch five new electric or hybrid vehicles in the country within the next two years, calling operating in the market there "a survival game".

Nissan recently ceased production at a factory west of Shanghai as part of efforts to cut production capacity.

A company spokesman confirming the move said Nissan was "committed to China under the strategy of 'in China, for China' with a focus on NEV transformation, corporate value, and overall competitiveness in the Chinese market".

The plant in Changzhou was a joint venture with state-owned Chinese auto company Dongfeng Motor.

It had an annual capacity of 130,000 vehicles--eight percent of Nissan and Dongfeng's total capacity in China--and only opened in 2020, according to Japanese media.

Japan's Honda is also struggling with sales in China and plans to reduce its annual car output capacity there by 50,000 units, Kyodo News reported on Thursday.

China overtook Japan as the world's biggest vehicle exporter last year, helped by its global dominance in electric cars as firms such as BYD speed ahead of international rivals.
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                Bitdefender's virtual private network connection page is shown on a computer screen and mobile phone screen, in New York, Monday, July 8, 2024. VPNs should be a part of most people's internet security toolbox, to be switched on in certain cases to hide your location or prevent prying electronic eyes from snooping on what you're doing online. Credit: AP Photo/Richard Drew
            
        

    


On the move and looking for an internet connection to check email or post a video to TikTok? It's tempting to jump onto the free Wi-Fi at the coffee shop or the shopping mall. But don't do it unless you've got protection.


                                        
                                              
                                        
                                                                                                                                    Using unsecured internet access can be risky. Hackers can secretly put themselves between you and the internet and view everything you do online, slip malware onto your device or even set up a rogue hotspot that looks authentic. It's one of those times when it's best to use a virtual private network, or VPN.

VPNs should be a part of most people's internet security toolbox. For rookie users, they can initially seem technically bewildering.

What's a VPN?

A virtual private network is a service that hides your online activity from anyone else on the internet. A VPN encrypts your traffic data, which prevents anyone else from being able to read it, and routes it through private tunnels to secure servers around the world.

If normal internet use is like a passing city bus, then using a VPN is like riding in a limo with tinted windows. Anyone can see the bus's passengers and its destination sign. The limo, meanwhile, reveals little to people on the street about what it's carrying or where it's going.

Why do I need to use a VPN?

Privacy is one of the main reasons. If you connect to a free public Wi-Fi network, like at a hotel lobby or coffee shop, using a VPN will prevent anyone from electronically eavesdropping on you.

You can also use it at home if you don't want your internet service provider to know what you're doing. But if that's not a concern, then you probably don't need to as long as your network is password protected.

Another big reason for a VPN is to "spoof" your location, and make it appear like your phone or computer is elsewhere. Pick from a list of countries where your VPN provider has servers and presto, you've got a different IP address that makes a website think you're in, say, Singapore or Germany instead of at your desk in New York or on your phone in London. Now you can access localized versions of websites or stream video only available in a particular country.

VPNs also help people evade censorship in countries with tight internet controls.

Just remember a VPN won't hide everything. If you're logging into your Gmail account, for example, Google will still know who you're emailing.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Aren't VPNs illegal?

VPNs are perfectly legal in most countries. However, they are outlawed or restricted in places where the authorities control internet access or carry out online surveillance and censorship, such as North Korea and China.

How do I choose a VPN?

There are dozens if not hundreds of available VPN services, but not all are credible. Experts warn that some could be run by shady operators.

Start with tech review websites that have tested and analyzed their privacy policies, encryption practices, ease of use, speed, price and other categories. Some review sites rank VPNs according to specific uses like streaming.

Some better-known or established providers include NordVPN, Mullvad, Proton, Surfshark, ExpressVPN and Private Internet Access.

There are a few key features to look out for.

One is a "kill switch" that halts all internet traffic if the VPN's connection goes down, preventing stray bits of data from getting out.

"The kill switch is a pretty powerful security feature," because it will never leave you exposed, said Paul Bischoff, security and privacy advocate at consumer research group Comparitech. But he said some find it annoying because, for example, if your phone switches networks, your connection will go down briefly.

Experts also recommend VPNs with a "no-logging" guarantee. It's a promise that none of your online activity will be recorded. But it's not easy for an ordinary user to verify whether the VPN operator is fulfilling such promises, so look for audits by third-party inspectors.

Expect to pay a monthly fee to use the most reputable VPNs.


                                                                                                                                            What about free VPNs?

Experts warn against using free VPNs because many offer sub-par security or could be harvesting your data.

Bischoff warned some free VPNs could be from rogue operators who disclose little information about who's behind them or the security they're using.

"Some of them are straight up malware," Bischoff said. They might inject ads into your browsing or not be able to unblock many streaming services. Free VPNs also tend to be slower because they "usually have too many users on too few servers," he said.

Some reputable VPNs provide a free version, but they typically come with restrictions such as limiting use to one device or a cap on data. They're a good option if you only need to occasionally browse privately.

Isn't it hard to install and set up a VPN?

You can install a VPN on your computer just like any other piece of software, or on your smartphone as an app. Or you can add it to your browser as a plugin.

Take note that a VPN plugin is mainly useful for quick browsing sessions and helps to block ads and trackers, while computer-based VPNs will cover all your online traffic, giving you more comprehensive protection.

Aren't there a lot of technical settings?

Most VPNs "usually come with pretty secure options straight out of the box," said Bischoff.

"Usually you can just open it and install it and then set it and forget it."

One important choice you'll need to pay attention to is the VPN protocol, which is the set of rules on how data is encrypted and sent over the network.

Most VPN services let you choose one of several protocols. Two of the most widely used are WireGuard, which has speedy connections that make it good for streaming, and OpenVPN, which supports strong encryption and is highly customizable. Both are considered safe and secure.

Are there any downsides?

VPNs tend to reduce your internet browsing speed slightly because all that data has to be encrypted when it goes out and then decrypted when it arrives, which takes a bit of extra time. Bischoff estimates a VPN slows your internet speed by about 5-10%.

You might also encounter more captchas--puzzles designed to weed out bots--or even be blocked by some websites. That's because cybercriminals often use VPNs to conduct their crimes, which leads to their IP addresses getting blacklisted, Bischoff said, adding that's more common with free VPNs.

Comparitech's research has found that some streaming sites are more aggressive at blocking VPN traffic, particularly sports site DAZN and the BBC's iPlayer service.
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How travel among synthetic populations reveals gaps in essential services

									    

    
        
            [image: How travel among synthetic populations reveals gaps in essential services]
             
                Comparison of synthetic household occurrence probabilities to U.S. Structures types for a single block group. Credit: ORNL, U.S. Dept. of Energy
            
        

    


Think about your neighborhood. Where are the stores or doctor's offices? How easy is it to access fresh food? Human mobility researchers at the Department of Energy's Oak Ridge National Laboratory are providing information on access to essential services in communities by creating synthetic populations that mirror real neighborhoods and observing how transportation routes around the area support or detract from the residents' quality of life.


                                        
                                              
                                        
                                                                                    Joe Tuccillo, a human geography research scientist, leads the UrbanPop project that uses census data to create synthetic populations. Using a Python software suite called Likeness on ORNL's high-performance computers, Tuccillo's team generates a population with individual "agents" designed to represent people that interact with other agents, facilities and services in a simulated neighborhood.

"This is critical for starting to think about how people access resources like nutrition and health," Tuccillo said.

This research, published as a short paper in the Proceedings of the United States Research Software Engineer Association 2023 conference, enhances the UrbanPop methodology for modeling trips to essential services.

What the agents do depends on the questions the researchers ask. When inquiring about transportation routes, for example, researchers observe the various means and routes agents take to get from their home to a destination and see what services exist along the routes. This can uncover how the location of amenities helps or hinders agents' ability to receive services and reveal how people in similar real cities may experience food deserts, lack of adequate health facilities or long commutes.

"We hope to make our Likeness software publicly available this year for others in the research community to create synthetic populations for their own tasks," Tuccillo said. Likeness can be applied to models in a variety of research areas, including human mobility modeling, access to vaccines for low socioeconomic individuals during a pandemic or school bus route equity in a county.


                                                                                
                                        											
																								More information:
												Tuccilo, J. Downscaling Synthetic Populations to Realistic Residential Locations. Proceedings of the United States Research Software Engineer Association 2023 conference (2023). zenodo.org/records/10420984
																								
																							


                                        											
										                                            
                                                                                                                        
                                        
                                        
                                            
                                                Citation:
                                                How travel among synthetic populations reveals gaps in essential services (2024, July 24)
                                                retrieved 25 July 2024
                                                from https://techxplore.com/news/2024-07-synthetic-populations-reveals-gaps-essential.html
                                            

                                            
                                            This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
                                            part may be reproduced without the written permission. The content is provided for information purposes only.
                                            

                                        

                                        
									

								



This article was downloaded by calibre from https://techxplore.com/news/2024-07-synthetic-populations-reveals-gaps-essential.html



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Technology
          
          	
            Sections
          
          	
        

      

      Other Sciences

      The latest science news on archaeology, fossils, mathematics, and science technology from Phys.org


      
        Changes needed to keep First Nations children out of incarceration, says study
        More culturally responsive diversion programs are needed to prevent the incarceration of Aboriginal and Torres Strait Islander children, according to University of Queensland research.

      

      
        Is there a 'right way' to teach? Recent debates suggest yes, but students and schools are much more complex
        New South Wales has just announced a curriculum "shake-up" for primary schools to start in 2027.

      

      
        Homeless service providers could help more people if they measured success differently, researcher says
        Homelessness is a major problem in the U.S., and it's getting worse: A record 650,000 Americans were homeless on a single night in January 2023, according to the most recent point-in-time report released by the U.S. Department of Housing and Urban Development. That amounts to 1 out of every 500 people nationwide.

      

      
        AI tutors could be coming to the classroom--but who taught the tutor, and should you trust them?
        The government recently announced ambitions to expand the use of artificial intelligence (AI) in New Zealand's classrooms. But as the technology rapidly changes, it is not clear how this would work or what it will mean for teachers and learners.

      

      
        How AI bots spread misinformation online and undermine democratic politics
        Consider a typical morning routine: coffee in hand, you peruse Twitter (now rebranded as X) to catch up on the news. Headlines appear among a flurry of tweets on everything from memes about political leaders to cultural Marxism, free speech, making America great again and draining the swamp.

      

      
        How remote work poses unique challenges to public sector employees
        The dispute last year between the federal Treasury Board and the Public Service Alliance of Canada over remote work arrangements raised a lot of questions about a one-size-fits-all approach. Those questions need answering.

      

      
        What is 'surveillance pricing,' and is it forcing some consumers to pay more?
        It's no secret that Californians pay more than the rest of the country for many goods and services--gas, housing, food, you name it. That's part of the high cost of living in the state.

      

      
        Rock art and archaeological record reveal man's complex relationship with Amazonian animals
        Rock art explored by archaeologists in the Colombian Amazon has provided an insight into the complex relationship between the earliest settlers on the continent and the animals they encountered.

      

      
        Chemical analyses find hidden elements from renaissance astronomer Tycho Brahe's alchemy laboratory
        In the Middle Ages, alchemists were notoriously secretive and didn't share their knowledge with others. Danish Tycho Brahe was no exception. Consequently, we don't know precisely what he did in the alchemical laboratory located beneath his combined residence and observatory, Uraniborg, on the now Swedish island of Ven.

      

      
        Study finds Airbnb hosts who smile get more bookings
        A new study shows that Airbnb hosts who smile in their profile photos can get more bookings. Hosts with a smile see an average increase of 3.5% in bookings.

      

      
        Strangers trust others more when they put down their phones, experiment finds
        It's practically a ritual: As soon as we sit down on the bus or get in line at the post office, we pull out our phones. Studies show average Americans check their phones almost 100 times a day, spending more than five hours daily staring at that pocket-sized screen. While scrolling through social media or checking sports scores may seem like a good way to kill time it may come at a social cost, according to a new study by Sandy Campbell, Ph.D. 24.

      

      
        'Hot' hedge funds come up short for investors, researchers find
        In at least one way, asset classes in capital markets are not unlike consumer products. As they compete for investor cash, trend cycles often come into play. The movement of demand toward the "hot" investment vehicle of the moment also affects supply, according to the inexorable logic of markets. Similar to fashion brands fast-tracking production of sought-after items, the cyclic proliferation of certain asset classes raises quality concerns.

      

      
        UN cultural agency rejects plan to place Britain's Stonehenge on list of heritage sites in danger
        The United Nations' cultural agency rejected recommendations Wednesday to place Stonehenge on the list of world heritage sites in danger over concerns that Britain's plans to build a nearby highway tunnel threaten the landscape around the prehistoric monument.

      

      
        Research confirms that ancient Tasmania was not a 'wilderness,' but an indigenous cultural landscape
        Recent studies led by the University of Melbourne have revealed that the Palawa people's ancient land stewardship techniques have profoundly shaped the landscape of western Lutruwita, within the traditional territories located in Tasmania.

      

      
        Same-sex marriage recognition helps countries attract and retain highly skilled workers, research suggests
        Marriage equality appears to have a major economic benefit for countries. Washington State University researchers found that European countries that recognized same-sex marriages kept more of their highly skilled workers from emigrating to the U.S.

      

      
        Weibo posts illuminate public response to China's three-child policy measures
        An analysis of comments on Chinese social media platform Sina Weibo reveals trends in the public response to measures implemented to support China's three-child policy, highlighting concerns about women's rights and employment. Lijuan Peng of Zhejiang Gongshang University in Hangzhou, China, and colleagues present these findings in the open-access journal PLOS ONE on July 24, 2024.

      

      
        
          	
            Technology
          
          	
            Sections
          
          	
        

      

    

  
	
	Articles
	Sections
	Next



Changes needed to keep First Nations children out of incarceration, says study
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More culturally responsive diversion programs are needed to prevent the incarceration of Aboriginal and Torres Strait Islander children, according to University of Queensland research.



										      
																																	UQ's School of Nursing, Midwifery and Social Work Ph.D. candidate Lorelle Holland, a Mandandanji woman, led a study that analyzed the effectiveness of dozens of diversion programs across Australia which attempt to keep Indigenous children out of the youth justice system. The paper is published in the First Nations Health and Wellbeing--The Lowitja Journal.

"In 2021 an Australian Institute of Health and Welfare report found Indigenous children aged 10-17 were 20 times more likely to end up incarcerated than non-Indigenous youths--we need to change that," Holland said.

"We found only 10 out of 31 diversion programs addressed areas such as Indigenous connection to land, culture, spirituality, ancestry, family, and community."

The study focused on Aboriginal and Torres Strait Islander children aged 10 to 18 years who were participating in diversion programs ranging from residential remand and bail support, homelessness assistance and help for those appearing before specialist Indigenous courts.

"The best performing programs addressed the complex needs of Indigenous children by supporting their social and emotional well-being through Indigenous-led, place-based, and interdisciplinary collaboration, which resulted in a decline in offending behavior," Holland said.

"Our findings highlight the need to stop the incarceration of Indigenous children with complex needs and instead invest in funding, policy directions and public health to develop and deliver culturally responsive diversion approaches."

Dr. Natasha Reid from UQ's Child Health Research Center said current judicial processes fail to identify or support the complex health and social needs of Aboriginal and Torres Strait Islander children exposed to the youth justice system.

"Prevention strategies should be provided early in a child's life to promote holistic health and well-being, to address the underlying developmental and social needs associated with criminogenic risks," Dr. Reid said.

"By increasing the focus on development and implementation of culturally responsive diversion programs, governments could raise the age of criminal responsibility and reduce punitive punishment, and harmful incarceration of Aboriginal and Torres Strait Islander children."


																																																					
																				
																						More information:
												Lorelle Holland et al, Resisting the incarceration of Aboriginal and Torres Strait Islander children: A scoping review to determine the cultural responsiveness of diversion programs, First Nations Health and Wellbeing--The Lowitja Journal (2024). DOI: 10.1016/j.fnhli.2024.100023
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New South Wales has just announced a curriculum "shake-up" for primary schools to start in 2027.



										      
																																	As well as new content about the human body, consent and screen time, there will be a change in the way students will be taught. This involves an emphasis on "explicit instruction" and a move away from student-led or "inquiry-based learning."

This follows recent moves in Victoria and Queensland, to implement "explicit instruction" around reading.

What does this mean?

Explicit instruction

According to the NSW Education Department, explicit instruction or teaching involves teachers "clearly explaining, demonstrating and modeling to students" why they are learning something, what they need to learn and how it connects to what they already know.

It does not involve "students engaging in independent learning activities and problem solving before teachers provide the necessary explanations, demonstration or modeling." This latter approach describes "inquiry-based learning."

This approach prioritizes critical and creative thinking so students can develop their abilities to ask questions, interpret evidence, form explanations and arguments, and communicate findings.

Announcing the changes this week, NSW Education Minister Prue Car said:

"For the first time, primary school teachers have a set of syllabuses that make sense together [...] Teachers will have clarity on exactly what they need to teach, based on evidence."

But the way this evidence is presented is problematic.


																																						
    
     




																																			Is it really one or the other?

These changes and the media coverage around them suggest there are binaries or "either/or" options when it comes to teaching methods.

For example, those in favor of explicit teaching claim they have found "what works best" in the classroom. As the Australian Education Research Organization notes, it "allows students to process new information more effectively."

Yet my research on successful approaches in Australian classrooms reveals teachers use a range of strategies to teach and engage students.

This is important because research shows exposing students to different kinds of learning experiences is important for their development. One teaching approach in one school for one student in one subject will differ for another in another content area. Context matters.

So teachers need to be able to use their professional judgment in the classroom. This is why some scholars argue we should see teaching as an art and not a precise science.


																																			Why are we having this debate?

We see regular headlines that students are "falling behind" and schools are failing (even though this is not necessarily accurate). This is combined with ongoing criticism that our teachers are not adequately prepared for the classroom.

But politicians have a vested interest in the school system being (or appearing to be) "successful" for parents and voters. As my co-author Don Carter's research shows, the education minister's offices often seek rapid answers to wickedly complex challenges in schools.

Australian schools are facing acute teacher shortages, funding shortfalls and big gaps in outcomes for advantaged and disadvantaged students. These are not simple issues.

It is also important to note you can use "evidence" to justify multiple stances. For example, when it comes to the pros and cons of single-sex versus co-ed schools, there is research to support both sides.

The same is true when it comes to teaching methods.

Meanwhile, some of the evidence used in these debates is from think tanks whose research is not awarded through competitive grants or peer-review by other academics.


																																						
    
     




																																			What does this mean for schools and families?

Some of these policy changes will mean teachers are changing how they teach, but often will simply continue to do what they have always done.

But these debates can have a cost as they once more suggest teachers don't know how to teach effectively or need more help to do so.

Current debates about teaching can also be confusing for parents who hear about falling standards and the need for new methods. It also presents schooling as a "cookie cutter" experience where a child is sent to learn and behave in certain ways.

For parents, it may help to remember the most important things have not changed: your child is progressing at school, they are engaged in what they are learning and they are happy to go.


																																																					
																					
																					
                              																					 
												  This article is republished from The Conversation under a Creative Commons license. Read the original article.[image: The Conversation]
											 

										                                        
										
										
											 
												Citation:
												Is there a 'right way' to teach? Recent debates suggest yes, but students and schools are much more complex (2024, July 25)
												retrieved 25 July 2024
												from https://phys.org/news/2024-07-debates-students-schools-complex.html
											 

											 
											 This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
											 part may be reproduced without the written permission. The content is provided for information purposes only.
											 

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2024-07-debates-students-schools-complex.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: homeless]
             
                Credit: Unsplash/CC0 Public Domain
            
        

    


Homelessness is a major problem in the U.S., and it's getting worse: A record 650,000 Americans were homeless on a single night in January 2023, according to the most recent point-in-time report released by the U.S. Department of Housing and Urban Development. That amounts to 1 out of every 500 people nationwide.



										      
																																	My state, Georgia, has seen a consistent rise in homelessness since 2017. By 2022, the number of unsheltered homeless individuals in Georgia--in other words, those living on the street or in cars--surpassed those who had access to emergency shelter, according to state data.

Politicians have been paying attention: Every year, the federal government allocates billions in funding to local governments and nonprofit service providers to help fight homelessness. Yet this money hasn't been enough to turn the tide. Why?

Homelessness has many complex causes, including unemployment, housing affordability and health problems. But speaking as a professor of operations management, I think an underappreciated problem is how homeless service providers--mainly nonprofits--measure success. Too often, the system incentivizes quick fixes over long-term solutions.


																																						
    
     




																																			Nonprofits offer a wide but threadbare safety net

Across the U.S., nonprofit agencies offer a range of services to people who are homeless, including shelter, housing, rehabilitation, job training and counseling. There are more than 12,000 such providers nationwide, including over 50 in metro Atlanta alone.

Homeless service providers, like other nonprofits, often publish metrics of impact to illustrate their success. This doesn't just help them gain insight into the effectiveness of their operations--it also helps them communicate their values to the government, donors and the public.

Homeless service providers often tout their effectiveness in terms of meals served, beds provided or classes offered, research has shown. However, none of these measurements reflect success in terms of reducing homelessness.

These are measures of outputs, not impact. Outputs are the tangible results of activities, while impact refers to long-term changes and benefits from activities. It's surprisingly uncommon to see homeless service providers measure impact related to reducing homelessness--that is, whether the people served have become self-sufficient and are no longer homeless.

That's a mistake. Business research shows that the way nonprofits measure success directly affects how they set priorities. Depending on the characteristics of clients and services, homeless service providers might be able to generate higher social impact--in other words, do more good--by prioritizing case-resolution rates over the number of clients served.

To be clear, homeless service providers are making remarkable contributions to communities across the U.S., and my intention isn't to criticize them. Rather, I want to highlight how the sector often focuses on measuring outputs rather than impact. This focus naturally influences their activities and ultimate success.


																																			A better path for homeless service providers

How can nonprofits measure impact in the context of homelessness?

They can start by considering the sustained outcome of their services, such as the number of people who became self-sufficient; the average time it takes for rehabilitation, job training and placement; and the starting salary of people who get assistance with employment and subsequently find jobs.

They can take it a step further by considering the percentage of clients served who remained employed for more than a year, who could pay child custody for more than a year, or who had not been arrested for more than a year after being served.

You may say, correctly, that these are difficult objectives to measure. But some organizations have shown that it's possible to do.

For instance, Georgia Works has helped more than 1,000 individuals exit homelessness. And if you check their website, you'll see they're gauging their impact based on the above measures. This is an organization focused on helping its clients become self-sufficient.

Beyond measuring impact, it's also critical for nonprofits to effectively communicate these measures to funders such as government agencies and donors. Without clear communication, organizations that focus solely on output measures may appear more productive even if their activities lack lasting impact. This could result in more funding being allocated to those organizations rather than to ones that are creating a more genuine and long-lasting impact.

By prioritizing and standardizing impact measures and clearly communicating them with funders, Americans can reduce homelessness and build stronger, more resilient communities.
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The government recently announced ambitions to expand the use of artificial intelligence (AI) in New Zealand's classrooms. But as the technology rapidly changes, it is not clear how this would work or what it will mean for teachers and learners.



										      
																																	Science Minister Judith Collins' vision is for every student to have their own AI tutor. As Collins explained in a recent interview, "So instead of having to be wealthy enough to employ a tutor to help the children with the math or science questions, or something else that the parent doesn't know much about maybe, is to enable that child to have their own [AI] tutor."

But like AI itself, the concept of an AI tutor is still evolving. The idea of creating a "teaching machine" has been around for 100 years or so, and "intelligent tutoring systems" have been around since the 1980s with limited results.

The more recent advances of AI have rekindled the elusive promises of these systems. But while the technology has evolved, the basic concept of a machine taking over some of the responsibilities of the teacher has remained the same.

The risk of replacing human tutors

An AI tutor is a proxy for a human tutor--supporting and "scaffolding" a student's learning. Scaffolding is the space between what a learner can do without assistance and what they can learn next with the support of someone who is more knowledgeable.


																																						
    
     




																																			In theory, an AI Tutor can play this role. But there are inherent dangers. What if your more knowledgeable tutor is not, in fact, more knowledgeable, but just makes things up? Or shows bias? Or favors uncritical, shallow material over more reliable resources?

The features that give generative AI its capabilities to interact with users also create its flaws. AI relies on the data it is trained on. However, this data can be wrong, and AI neither validates what goes into it, nor what comes out.

This issue has raised concerns about fairness. As AI tools consume quantities of unfiltered data, the risk is they will reinforce existing biases in this data, perpetuating gender stereotypes and other negative outcomes.

For people from Indigenous cultures, including Maori and Pacific peoples, AI provides both opportunities and threats.

If AI systems are trained on biased data or without considering diverse perspectives, there is a high likelihood decisions being made based on these systems will favor one group over others, reinforce stereotypes, and ignore or undervalue different ways of living and thinking.

The concern isn't just about the influence AI can have on us but also how AI consumes and processes data. AI systems are trained on vast amounts of data, often without properly acknowledging the sources or respecting creators' copyrights.

For Indigenous peoples, this can infringe upon their data sovereignty rights and exploit their cultural and knowledge heritage. This exploitation can perpetuate inequality and undermine the rights and contributions of Indigenous communities.


																																			A 'walled garden' approach

A commonly proposed answer to this problem is to train AI systems on carefully curated data.

Book publisher Pearson, for example, has recently integrated AI in 50 of their textbooks. This allows students to use AI chatbots to engage with the texts.

According to Pearson, these tools are developed using a "walled garden" approach. The AI is trained only on the contents of these books. This, Pearson claims, reduces the risks of inaccuracies.

However, the walled garden approach also has major drawbacks, since it limits content to that selected and approved by the supplier. What does this mean for cultural knowledge and rights? Critical perspectives? Innovation in learning?

Pearson has, for example, been criticized for the content of some of its books. In 2017, the company apologized for a medical textbook considered "racist."

If a New Zealand AI tutor were to be created from local data, how could we ensure tikanga Maori protocols are safeguarded? As highlighted by Maori scholar Te Hurinui Clarke, there are significant challenges around the respectful and ethical handling of Maori knowledge.


																																						
    
     




																																			Protecting knowledge

When it comes to AI tutors, policy makers need to ask who would be the custodians of this data, whose knowledge would be used and who has the rights to access?

If done well, a walled garden approach might provide a comprehensive, inclusive, culturally sustaining pathway to better learning. However, given the challenges of such an undertaking (never mind the expense), the chances of success in practice are extremely small.

Meanwhile, we can't just wait for AI tutors. AI is a reality in schools, and we need to prepare students for what they face now and in the future. Specific tools are important, but our focus should be on developing AI literacy across the educational sector.

This is why we are researching what it means to be AI literate and how this can empower critical evaluation and ethical use, ensuring AI complements rather than replaces human teaching.

We see the development of AI literacy, supported by suitable frameworks, as a priority, something all students, no matter their age, need to have. It is only through this that we can harness AI's benefits while safeguarding the core values of education.
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Consider a typical morning routine: coffee in hand, you peruse Twitter (now rebranded as X) to catch up on the news. Headlines appear among a flurry of tweets on everything from memes about political leaders to cultural Marxism, free speech, making America great again and draining the swamp.



										      
																																	Before your day has even begun, a burst of disparate ideas coalesces in your mind in response to the appearance of a single word or catchphrase. It's a scenario repeated daily, where snippets of information mold themselves onto our views and biases, influencing how we interpret online discourse and those who engage in it.

In the heated space of contemporary politics, popularized words and catchphrases wield a lot of influence. Controversial rallying cries like "build the wall" and "Trudeau must go" regularly appear on social media, punctuating debates and discourse with an emotionally palpable fervor.

These phrases are more than mere words; they are ideological shorthand that seek to galvanize people and spark outrage online like never before.

But, in our increasingly digitized world, how do we know whether the accounts we interact with online are other human beings or bots? And given the powerful influence this kind of rhetoric can have, what impact do these bots have on our decision-making and democratic processes?

AI bots

My Ph.D. research focused on the rise of "botaganda"--online content circulated by automated accounts, or bots, for electioneering purposes.


																																						
    
     




																																			Bots are automated accounts on social media that can be used to post tweets, like and share content or follow users on social media without needing a person to do it manually.

Scholars have highlighted how bots "could be used to covertly exploit weaknesses in [a person's] character and persuade them to take action against their own best interest."

The advent of artificial intelligence and machine learning has certainly equipped us with several advantages in contemporary life, but it has also made independent political thought much harder to achieve. It is increasing the prevalence of digital misinformation, and demands that we exercise vigilance to ensure we can make informed decisions.

Understanding the social psychology that makes us susceptible to catchphrases like "drain the swamp" is integral to combating the impact of misinformation circulated online. Our social brains are susceptible to these kinds of linguistic triggers in three important ways:


	The fact that humans mimic and synchronize communication styles when interacting;

	We're more likely to remember frequently repeated words and;

	Our brains are more likely to connect unrelated ideas when words or phrases frequently recur together over and over again in the same context.



When we unwittingly engage with bots that repeatedly use certain phrases and terms, this subtly reinforces their association and impact.


																																			What I found

I conducted statistical analysis on how bot-generated content influenced Canadian Twitter users during the SNC Lavalin scandal from March 14 to April 9, 2019. My study found strong correlations between bot-generated and human tweets, suggesting people engaged closely with AI-generated content and stored it in memory for easy retrieval and recall.

My analysis shows that bot-circulated tweets shared a high degree of similarity with human-generated tweets. The similarity in the emotional salience of bot-generated and human-generated tweets was significantly pronounced.

I first used Spearman's phi coefficient, a statistical tool, to measure how strongly bot tweets related with human tweets. I then applied linear regression to understand this relationship in more detail and to see if changes in bot tweets affected changes in human tweets.

The results show there is a strong correlation between bot and human tweets, and that the content of bot tweets significantly influences linguistic aspects of human-generated tweets. In simpler terms, human tweets replicated bot tweets to a high degree.

On March 14, 2019, for instance, bot tweets shared 75 percent similarity with human tweets, which increased to 92 percent similarity by March 28. The emotional words used in bot tweets were reproduced in human tweets just over 97 percent of the time on March 14. Though the reproduction of emotional words in human tweets decreased over time, the similarity remained significant. This underscores how closely bot- and human-generated content can mirror each other.

Sometimes, bots simply mirror human activity because machine learning and generative AI technology are designed to replicate our behaviors. However, my analysis aims to understand not just how similar bot tweets and human tweets are, but also which one influences the other and in what way.

My examination of prevalent words and phrases like "obstruction of justice," "Trudeau's scandal" and "Liberal coverup" propagated by bots were replicated at high frequency in human-generated tweets, both in unique and retweeted tweets.


																																						
    
     




																																			Social mimicry

This study's findings support the idea that we are inclined to mimic language structures of tweets posted by bots, which gains traction among users engaged in a resulting ecology of tweets posted both by peers and computer programs, a phenomenon observed in human-computer interactions.

Research underscores our innate tendency to mimic the communication patterns of those around us, particularly those who share our values and beliefs--a phenomenon also evident in our digital interactions. This inclination shapes how we express ourselves online, influencing our language, intonation and even how we make arguments.

Popular words and catchphrases that appear at high frequency within online contexts help our brains organize and remember large amounts of information more easily.

But how do these phrases achieve such resonance?

We know that repeatedly hearing specific words or phrases significantly enhances our ability to recall them more effortlessly, especially when they consistently appear within the same context.

In the landscape of our social brains, single words and phrases don't carry much weight by themselves. What makes them powerful tools for spreading misinformation is their knack for evoking mental connections to familiar ideas, shaping how we understand current political developments.


																																			Consider this: when several disparate concepts are cleverly woven into a memorable catchy phrase, they merge those underlying concepts in our minds, making them feel logical and familiar. For example: "Make America Great Again."

This fusion is especially potent when these ideas strike a chord with our core values and beliefs, making catchphrases highly effective at molding public opinion in profound ways.

As we navigate this era of digital discourse, awareness of blind spots in our social psychology is our best defense. Understanding how cues or triggers affect us can reduce their influence over time. The more aware we are of bots and how they work, the more able we are to protect ourselves from misleading rhetoric, ensuring our democratic processes remain robust and inclusive.
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The dispute last year between the federal Treasury Board and the Public Service Alliance of Canada over remote work arrangements raised a lot of questions about a one-size-fits-all approach. Those questions need answering.



										      
																																	Working remotely seemingly offers clear benefits to public sector employees and government organizations alike by raising productivity, speeding up connectivity and improving work-life balance.

Remote work can also improve motivation, performance and job satisfaction by giving workers more autonomy in how they go about their jobs. But there are also concerns that the benefits may dwindle over time due to the changes it causes in relationships between employees and organizations and workplace motivation. Potential downsides and costs must be weighed against any benefits.

A question that was likely absent from last year's contract negotiations--if only because the empirical evidence is sparse and inconclusive--is how remote work will affect public service motivation, a particular drive that leads many people to jobs and careers in government or other public sector organizations like hospitals and universities.

Evidence shows that motivation in the workplace is influenced by the extent of interpersonal interactions, especially with those who benefit from the services employees are providing. So what happens when remote work arrangements start to erode those instrumental relationships that help sustain the public service motivation that drives public servants to work each day?


																																						
    
     




																																			What (little) we know

There are many potential benefits of remote work, though the empirical evidence is still a bit sparse. A recently published literature review found that remote work may improve job satisfaction, lower absenteeism and reduce on-the-job distractions.

But these benefits largely depend on how remote work is designed--in other words, the mix of key job features and resources like time pressure, autonomy, dispute resolution mechanisms, supervisor support and feedback. Workers who have strong social support, and those who were more emotionally stable and felt more autonomous to begin with, have generally experienced the most benefits from remote work.

However, remote work was also found to increase stress and reduce engagement in some circumstances. The reduction or even complete absence of interpersonal connections and in-person encounters have been linked to stronger feelings of social isolation and loneliness. What's more, the gain in job satisfaction tended to dissipate and level off as the amount of time working remotely increased beyond a certain threshold number of weekly hours.

The limited research on remote work specifically in the public sector has uncovered some potential downsides. One study published just before the COVID-19 pandemic used daily reports from civil servants to analyze how remote work affected work engagement. The authors found no evidence that remote work fostered greater engagement.

On the contrary, their results suggest that civil servants who worked from home felt a stronger sense of being isolated from colleagues and had weaker organizational commitment--though a high-quality supervisor-subordinate relationship tended to ease these adverse effects.

This feeling of isolation may have serious unintended consequences. One could be the sapping of that unique public service motivation that leads people to careers in government and jobs that partly depend on the proximity of workplace relationships, especially with the beneficiaries of one's work.


																																			Potential impact on public service motivation

Much of the discussion surrounding remote work has ignored the potential impacts on employee motivation in general, and the unique motivation that draws people to public service specifically.

Though growing, the body of research on how remote work may impact employee motivation is still small and inconclusive overall. But overlooking the impacts of remote work on motivation may have unexpected consequences for Canadian public services and policies.

As noted, the social isolation of remote work may jeopardize public service motivation by undermining what's known as relational architecture--job features that shape employee opportunities to connect and interact with other people--of federal public service jobs.

We know that personalizing and humanizing jobs by establishing contact with those who benefit from them can have positive motivational effects. Similar motivational benefits have been found for assisting colleagues within organizations.

Conversely, a lack of regular meaningful contact with beneficiaries and co-workers due to remote work may erode motivation in the public service, particularly for front-line employees who regularly interact with people who benefit from their work.

There is ample evidence that public sector employees value the social aspects of their jobs and working on behalf of other people or society. Indeed, public service motivation is what draws many people to careers in public service in the first place.

How can we ensure that the foundations of relational architecture don't erode so that interpersonal contacts--including with beneficiaries--can still entice prosocial and civic-minded Canadians to join the federal public service?


																																						
    
     




																																			Proceeding cautiously

Technological and organizational changes that enabled remote work have led to a major shift in how, where and when Canadian public servants do their jobs. This major shift in work spaces will certainly continue well into the future.

For now, the effects of shifting to remote work on employee productivity, organizational morale, service quality and other employment outcomes have yet to be unequivocally determined. At a time when Canadian taxpayers are increasingly cynical about government performance, it's imperative that the Public Service Alliance of Canada and the Treasury Board consider the effects of remote work on employee motivation, especially the type of public service motives that lead people to careers in government.

One of the least discussed issues between the federal Treasury Board and the Public Service Alliance of Canada is motivation among Canadian public servants. We have very little understanding about the potential motivational effects of remote work, in particular the potential erosion of public service motivation due to fewer meaningful interpersonal interactions, especially with the beneficiaries of public services.

With all the unknowns, it's wise to proceed cautiously. Human resources scholars and practitioners are still discovering how, when and for whom the benefits of remote work in the public sector outweigh the costs.

Federal Treasury Board officials and their union counterparts must consider how to fortify the relational architecture of public service jobs and take steps to safeguard employee motivation before finalizing any agreement on the future of remote work in the federal government.
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What is 'surveillance pricing,' and is it forcing some consumers to pay more?
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It's no secret that Californians pay more than the rest of the country for many goods and services--gas, housing, food, you name it. That's part of the high cost of living in the state.



										      
																																	What's less well known, though, is that consumers may be paying higher prices than their neighbors pay.

Tech firms and consultants have been offering companies the ability to set "personalized" prices online based on a customer's ability or willingness to pay, using algorithms and artificial intelligence to sift through mountains of data to help maximize sales and profits. Advocates say the technology simply takes the principle of efficient pricing to its logical extreme; critics say it's unfair, discriminatory and a perversion of free-market capitalism.

On July 23, the Federal Trade Commission launched an investigation that aims to determine how widespread this kind of "surveillance pricing" has become and what its effects have been. The five commissioners voted unanimously to order eight financial, tech and consulting companies to reveal what pricing services they offer, what data they collect to power these services, who is using their services and what effect that's having on consumer prices.

FTC Chief Technology Officer Stephanie Nguyen said in an interview that the agency knows companies "are collecting massive amounts of data about consumers," including very detailed, sensitive data about their demographics, where they go, what they look for and what they buy. The agency also knows that companies are able to use these data to specifically target information to individuals or groups.


																																						
    
     




																																			Its new inquiry, she said, aims to determine whether, how and how often such data are being deployed to set prices. She added that the agency is just gathering information at this point, and that none of the companies are being accused of any wrongdoing.

Privacy advocates welcomed the investigation.

"This study is such a critical first step in a really important conversation about what we think the rules should be around pricing--what we think the norm should be," said Lindsay Owens, executive director of Groundwork Collaborative, an economic policy think tank.

Rather than setting prices based on supply and demand, surveillance pricing looks at indicators of your ability and willingness to pay, such as your credit card and bank balances, or "whether it's late at night and you're looking for an Uber home," said Lee Hepner, senior legal counsel for the American Economic Liberties Project.

"We have heard allegations that some companies are now able to charge you a different price based on how close you are to your next payday, or if you just got paid," he said.

The eight companies ordered to submit information to the FTC are financial industry titans Mastercard and JPMorgan Chase, consultancies Accenture and McKinsey & Co., and tech companies Revionics, Bloomreach, Task Software and PROS.

JPMorgan Chase said that it hadn't heard from the agency yet. Mastercard said it would cooperate in the process, and the other six companies did not respond to requests, or could not be reached, for comment.


																																			The unanimous vote of the commission reflects a bipartisan interest in exploring the issues around pricing based on personal data, which in turn mirrors public sentiment about online privacy.

A survey last year by the Pew Research Center found that 81% of respondents were concerned about how companies use the data collected about them, and 67% had little to no understanding about what companies did with their data.

One of the threats posed by surveillance pricing is that it gives companies an incentive to collect even more data about customers because the information might be useful in these pricing systems, said R.J. Cross, the director of the consumer privacy program at the U.S. Public Interest Research Group.

"The overcollection of data already comes with security and privacy issues," she said; the more data that's collected, the more likely it is that the information will be exposed in a breach or hack. "It's just going to add fuel to a fire that may have big, negative consequences for all of us down the line."

Owens said another issue is how surveillance prices erode the longstanding practice of having a public price, which emerged when retailers stopped haggling over everything and started putting price tags on their goods. Public prices are important, Owens said, because they help ensure fairness and are transparent and predictable.


																																						
    
     




																																			The absence of predictable prices, Hepner said, makes it hard for people to budget for what they need.

George Slover, senior counsel for competition policy at the Center for Democracy & Technology, said "bespoke pricing" amounts to an extreme reversal of a system that has worked for consumers since the advent of the price tag.

Instead of sellers offering goods and services to anonymous buyers, he said, "the seller knows everything about the buyer, and what they are likely, willing and able to pay"--while keeping the buyer in the dark about what the seller is charging everyone else.

"It inverts, or you might say perverts, the assumptions at the very foundation of the justification for the free market," he said.

The use of AI to power surveillance pricing systems is a potential hurdle to the FTC's inquiry, observers say, because the systems' inner workings may be difficult to unpack and understand.

"It makes the job a lot harder if the people who are making the AI systems can't even clearly articulate why a system is making a decision," Cross said. "That really puts regulators at a disadvantage."

The legal landscape is murky, too.

There are federal laws that prohibit charging discriminatory prices in certain circumstances--for example, when people are charged different rents or mortgage interest rates based on their race--but Hepner said surveillance pricing may represent "a new frontier in price discrimination" not reached by those statutes.

The FTC may have the power to rein in surveillance pricing, though, if the agency determines that it violates the federal law against unfair and deceptive practices. And in Owens' view, it is by nature deceptive because it's done in secret-- you don't know you're paying more online than someone else for the same goods, so "you have no idea that you should be upset."

"Isolation and obfuscation," she added, "are really essential to the practice."
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Rock art and archaeological record reveal man's complex relationship with Amazonian animals
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                Potential therianthropic images, as suggested by Indigenous informants: a) avian/human at Las Dantas, b) lizard with round, human-like head at Currunchos, c) bird/plant/human with penis at Principal, d) sloth/human at Demoledores, e) Unknown quadruped with tail and penis at Reserva, f) Deer/human at Principal. Credit: Journal of Anthropological Archaeology (2024). DOI: 10.1016/j.jaa.2024.101613
            
        

    


Rock art explored by archaeologists in the Colombian Amazon has provided an insight into the complex relationship between the earliest settlers on the continent and the animals they encountered.



										      
																																	Spectacular ocher paintings of a wide variety of animal species, including depictions of animals and humans transforming into one another, indicate the rich mythology that guided generations of indigenous Amazonians.

And while the images found adorning the rocky outcrop of Cerro Azul in the Serrania de la Lindosa have yet to be accurately dated, associated evidence of human activity suggests they are likely to have served as galleries for thousands of years, as far back as 10,500BC.

The research, led by an international team from the University of Exeter, Universidad de Antioquia, Medellin and the Universidad Nacional de Colombia, and published in the Journal of Anthropological Archaeology, integrated zooarchaeological analysis of animal remains recovered from nearby excavations with analysis of the artistic.

The paper is titled "Animals of the Serrania de la Lindosa: Exploring representation and categorisation in the rock art and zooarchaeological remains of the Colombian Amazon."

The animal remains revealed a diverse diet, including fish, a range of small to large mammals, and reptiles, including turtle, snake, and crocodile. However, the proportions of animal bones do not match the proportional representation of animals, suggesting the artists did not just paint what they ate.

"These rock art sites include the earliest evidence of humans in western Amazonia, dating back 12,500 years ago," says Dr. Mark Robinson, Associate Professor of Archaeology in Exeter's Department of Archaeology and History.


																																						
    
     




																																			"As such, the art is an amazing insight into how these first settlers understood their place in the world and how they formed relationships with animals. The context demonstrates the complexity of Amazonian relationships with animals, both as a food source but also as revered beings, which had supernatural connections and demanded complex negotiations from ritual specialists."

Archaeologists have documented several significant rock art sites in the region since a peace agreement between the Colombian government and FARC in 2016 paved the way for a safe resumption of scientific investigations. Cerro Azul, a free-standing table-top hill located close to the Guayabero River in the northwest of the Department of Guaviare, was among them. There, 16 'panels' of ocher drawings were found, several of which could only be accessed via strenuous climbing and the use of ropes.

The research team, which included academics from the UK, Colombia, and Germany, chose to focus on six panels in detail. These ranged from the 40m-by-10m El Mas Largo, which contained more than 1,000 images, to the much smaller, 10m-by-6m panel called Principal, many of whose 244 images are extremely well-preserved in vibrant red.

A total of 3,223 images were cataloged using drone photogrammetry and traditional photography. The images were categorized by their form, with figurative images being the most commonly occurring, contributing 58% of the total. More than half of these related to animals. At least 22 different animals were identified, including deer, birds, peccary, lizards, turtles, and tapir.


																																			Although fish remains are abundant in the archaeological remains, their appearance in the art is limited to just two panels, in what appear to be fishing scenes. Notable by their absence were big cats, despite their position as apex predators and the evidence of artwork at other Colombian sites.

The researchers speculate that the artists were potentially restricted from depicting powerful beasts, such as the jaguar. While images of figures combining human and animal characteristics reveal a complex mythology of transformation between animal and human states that is still present within modern Amazonian communities.

The diverse array of animals represented in the art and the archaeological remains demonstrates a broad understanding and exploitation of a multitude of environments in the region, including savannah, flooded forests and rivers.

"The Indigenous people of Cerro Azul and the surrounding lands hunted and depicted a diverse array of animals from different ecologies--from aquatic fish to arboreal monkeys; terrestrial deer to aerial birds, both nocturnal and diurnal," says Dr. Javier Aceituno, of Universidad de Antioquia, Medellin.

"They had intimate knowledge of the various habitats in the region and possessed the relevant skills to track and hunt animals and harvest plants from each, as part of a broad subsistence strategy."

"Our approach reveals differences between what indigenous communities exploited for food and what is conceptually important to represent--and not represent--in art," concludes Professor Jose Iriarte, also of Exeter.

"Though we cannot be certain what meaning these images have, they certainly do offer greater nuance to our understanding of the power of myths in indigenous communities. They are particularly revealing when it comes to more cosmological aspects of Amazonian life, such as what is considered taboo, where power resides, and how negotiations with the supernatural were conducted."


																																																					
																				
																						More information:
												Mark Robinson et al, Animals of the Serrania de la Lindosa: Exploring representation and categorisation in the rock art and zooarchaeological remains of the Colombian Amazon, Journal of Anthropological Archaeology (2024). DOI: 10.1016/j.jaa.2024.101613
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Chemical analyses find hidden elements from renaissance astronomer Tycho Brahe's alchemy laboratory
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                Danish renaissance astronomer and alchemist Tycho Brahe. Credit: wikipedia
            
        

    


In the Middle Ages, alchemists were notoriously secretive and didn't share their knowledge with others. Danish Tycho Brahe was no exception. Consequently, we don't know precisely what he did in the alchemical laboratory located beneath his combined residence and observatory, Uraniborg, on the now Swedish island of Ven.



										      
																																	Only a few of his alchemical recipes have survived, and today, there are very few remnants of his laboratory. Uraniborg was demolished after his death in 1601, and the building materials were scattered for reuse.

However, during an excavation in 1988-1990, some pottery and glass shards were found in Uraniborg's old garden. These shards were believed to originate from the basement's alchemical laboratory. Five of these shards--four glass and one ceramic--have now undergone chemical analyses to determine which elements the original glass and ceramic containers came into contact with.

The chemical analyses were conducted by Professor Emeritus and expert in archaeometry, Kaare Lund Rasmussen from the Department of Physics, Chemistry, and Pharmacy, University of Southern Denmark. Senior researcher and museum curator Poul Grinder-Hansen from the National Museum of Denmark oversaw the insertion of the analyses into historical context.

Enriched levels of trace elements were found on four of them, while one glass shard showed no specific enrichments. The study has been published in the journal Heritage Science.

"Most intriguing are the elements found in higher concentrations than expected--indicating enrichment and providing insight into the substances used in Tycho Brahe's alchemical laboratory," said Lund Rasmussen.

The enriched elements are nickel, copper, zinc, tin, antimony, tungsten, gold, mercury, and lead, and they have been found on either the inside or outside of the shards.
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Most of them are not surprising for an alchemist's laboratory. Gold and mercury were--at least among the upper echelons of society--commonly known and used against a wide range of diseases.

"But tungsten is very mysterious. Tungsten had not even been described at that time, so what should we infer from its presence on a shard from Tycho Brahe's alchemy workshop?" said Lund Rasmussen.


																																						
    
     




																																			Tungsten was first described and produced in pure form more than 180 years later by the Swedish chemist Carl Wilhelm Scheele. Tungsten occurs naturally in certain minerals, and perhaps the element found its way to Tycho Brahe's laboratory through one of these minerals. In the laboratory, the mineral might have undergone some processing that separated the tungsten, without Tycho Brahe ever realizing it.

However, there is also another possibility that Professor Lund Rasmussen emphasizes has no evidence whatsoever--but which could be plausible.

Already in the first half of the 1500s, the German mineralogist Georgius Agricola described something strange in tin ore from Saxony, which caused problems when he tried to smelt tin. Agricola called this strange substance in the tin ore "Wolfram" (German for Wolf's froth, later renamed to tungsten in English).

"Maybe Tycho Brahe had heard about this and thus knew of tungsten's existence. But this is not something we know or can say based on the analyses I have done. It is merely a possible theoretical explanation for why we find tungsten in the samples," said Lund Rasmussen.

Tycho Brahe belonged to the branch of alchemists who, inspired by the German physician Paracelsus, tried to develop medicine for various diseases of the time: plague, syphilis, leprosy, fever, stomach aches, etc. But he distanced himself from the branch that tried to create gold from less valuable minerals and metals.
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In line with the other medical alchemists of the time, he kept his recipes close to his chest and shared them only with a few selected individuals, such as his patron, Emperor Rudolph II, who allegedly received Tycho Brahe's prescriptions for plague medicine.


																																			We know that Tycho Brahe's plague medicine was complicated to produce. It contained theriac, which was one of the standard remedies for almost everything at the time and could have up to 60 ingredients, including snake flesh and opium. It also contained copper or iron vitriol (sulfates), various oils, and herbs.

After various filtrations and distillations, the first of Brahe's three recipes against plague was obtained. This could be made even more potent by adding tinctures of, for example, coral, sapphires, hyacinths, or potable gold.

"It may seem strange that Tycho Brahe was involved in both astronomy and alchemy, but when one understands his worldview, it makes sense. He believed that there were obvious connections between the heavenly bodies, earthly substances, and the body's organs," explained Grinder-Hansen.

"Thus, the sun, gold, and the heart were connected, and the same applied to the moon, silver, and the brain; Jupiter, tin, and the liver; Venus, copper, and the kidneys; Saturn, lead, and the spleen; Mars, iron, and the gallbladder; and Mercury, mercury, and the lungs. Minerals and gemstones could also be linked to this system, so emeralds, for example, belonged to Mercury."

Lund Rasmussen has previously analyzed hair and bones from Tycho Brahe and found, among other elements, gold. This could indicate that Tycho Brahe himself had taken medicine that contained potable gold.


																																																					
																				
																						More information:
												Kaare Lund Rasmussen, Chemical analysis of fragments of glass and ceramic ware from Tycho Brahe's laboratory at Uraniborg on the island of Ven (Sweden), Heritage Science (2024).
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Study finds Airbnb hosts who smile get more bookings
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A new study shows that Airbnb hosts who smile in their profile photos can get more bookings. Hosts with a smile see an average increase of 3.5% in bookings.



										      
																																	The study, done by researchers from Carnegie Mellon University's Tepper School of Business, Harvard Business School, Columbia Business School, University of Rochester, and Yale School of Management, is forthcoming in the Journal of Consumer Research.

Smiling hosts, especially those with higher uncertainty in their listings, e.g., hosts with less experience or those with properties in high-crime areas, see a significant boost in demand. A smile may reduce perceived uncertainty and improve perceptions of warmth and competence. The benefit of smiling in profile photos is greater for male hosts than for female hosts.

Furthermore, the study found that a smile in a male host's profile photo can increase property demand by more than 8%, while the increase for female hosts was not significant. This may suggest that smiling conveys warmth and competence more effectively for male hosts, who might generally be seen as less warm than female hosts.

"Our research highlights the significant impact of a simple smile in online interactions, showing how it can enhance trust and reduce uncertainty for potential customers," said study co-author Kannan Srinivasan, H.J. Heinz II Professor of Management, Marketing and Business Technology at the Tepper School. "This finding is crucial for any online platform where personal interaction and trust play a key role in consumer decisions."


																																						
    
     




																																			The study sought to understand how smiling affects bookings on Airbnb. Researchers used advanced machine-learning techniques to train a computer program to recognize and classify smiles in thousands of photos. This large-scale analysis, which would be difficult and time-consuming for humans to perform manually, allowed the researchers to uncover patterns and draw conclusions about how smiles affect consumer behavior.

"Our approach combined machine learning with behavioral science, providing precise and scalable insights into how non-verbal cues influence decisions in online marketplaces," said Shunyuan Zhang, assistant professor of business administration from Harvard Business School.

"Machine learning really helps to develop scalable methods to capture behavioral constructs," Srinivasan added. "Researchers believe that this will accelerate the field-based behavioral studies."

The study offered a chance to examine how smiling impacts customer decisions in a real-world e-commerce environment, where face-to-face interactions are absent. This research can help inform others who rely on profile photos or images in their marketing (e.g., doctors, lawyers, or people using online dating) by demonstrating that smiling profile photos can increase customer engagement and bookings.

The smile effect might differ across various fields because the importance of personal interaction can vary. For example, in legal settings, people's preferences for interaction might be more diverse compared to the sharing economy, like Airbnb, so the impact of smiling might depend more on the customer's preferences rather than just the smile itself.

Future research includes exploring how smiling affects customer choices in other online service areas and how other non-verbal cues might influence consumer behavior on other online platforms.

Other authors on the study include Elizabeth Friedman (Columbia Business School), Ravi Dhar (Yale School of Management) and Xupin Zhang (East China Normal University).


																																																					
																				
																						More information:
												The study is forthcoming in the Journal of Consumer Research.
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Strangers trust others more when they put down their phones, experiment finds

										 by 										 University of California, Berkeley Haas School of Business									
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It's practically a ritual: As soon as we sit down on the bus or get in line at the post office, we pull out our phones. Studies show average Americans check their phones almost 100 times a day, spending more than five hours daily staring at that pocket-sized screen. While scrolling through social media or checking sports scores may seem like a good way to kill time it may come at a social cost, according to a new study by Sandy Campbell, Ph.D. 24.



										      
																																	"When I was younger, growing up in New York I'd see people on trains chatting with each other while they read the newspaper," says Campbell, now a post-doctoral researcher at the University of California Los Angeles. "Now everyone is plugged in and looking down."

In a novel laboratory experiment, Campbell and Uri Gneezy of UC San Diego's Rady School of Management found that being on our phones instead of connecting with other people can affect our trustworthiness.

"Trust is so fundamental to society," Campbell says. "If you look at someone else, you see them and smile, and that might lead to a connection with them."

For their experiment, published in the Journal of Economic Psychology, they brought groups of six students into a laboratory and had them wait together for 20 minutes.

Some groups were allowed to use phones as usual. For others, they confiscated the phones and made them wait without them. They then broke the students up into pairs to play a simple trust game that gave them the chance to earn more money back by sharing up front--if they trusted the partner to split the final pot rather than pocket it, and if their partner actually did send back money.

Those who didn't have phones and who also interacted with other people in the waiting room tended to share more up front than those who didn't interact. Even more significantly, the partners without phones also gave back more than those with phones--and more than they'd received. Campbell attributes this generosity to the trust engendered when people connect with one another.


																																						
    
     




																																			"If you are not looking someone in the eye, you're almost treating them as less than human--it's just money," she says. "But if you'd looked up and smiled and chatted, then you'd developed more of a sense of who this person is. They are no longer a blank slate."

While our phones undoubtedly connect us to loved ones far away, they can also distance us from strangers close at hand, she concludes. People might look at their phones in social situations for a number of reasons, including boredom, shyness, or a feeling like others might not want to talk to them. Campbell suggests, however, that by putting away our phones around strangers, we might feel more of a sense of trust that could enrich everyone's lives.

Children could learn more social skills by giving up their phones during the school day or at summer camp. In a business context, managers might foster a sense of trust by limiting phone usage at certain times, such as orientations, when new hires could be encouraged to drop their phones on the way into the room and pick them up on their way out.

"Obviously, our phones are immensely valuable, but in some situations, it may be more valuable to chat to the person next to you," she says. "You might be surprised to find they want to chat with you too."


																																																					
																				
																						More information:
												Sandy Campbell et al, Smartphone use decreases trustworthiness of strangers, Journal of Economic Psychology (2024). DOI: 10.1016/j.joep.2024.102714
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'Hot' hedge funds come up short for investors, researchers find
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In at least one way, asset classes in capital markets are not unlike consumer products. As they compete for investor cash, trend cycles often come into play. The movement of demand toward the "hot" investment vehicle of the moment also affects supply, according to the inexorable logic of markets. Similar to fashion brands fast-tracking production of sought-after items, the cyclic proliferation of certain asset classes raises quality concerns.



										      
																																	Lin Sun, assistant professor of finance at the Donald G. Costello College of Business at George Mason University, recently published a paper in Review of Finance that compares hedge funds formed in high-demand, or "hot," markets to those produced in a "cold" market climate.

Sun explains, "Hedge funds often use more complex strategies to achieve higher returns. However, when overall stock market returns are already robust--for example, in years like 2017, when the S&P 500 saw an annual return exceeding 20%--there's less incentive to invest in hedge funds, because outperforming such high returns becomes more challenging. Plus, hedge fund investors face higher management and performance fees."

Sun and her co-authors Zheng Sun and Lu Zheng (of University of California, Irvine) first sought to establish the supply-demand connection for hedge funds. Using data for more than 8,000 hedge funds from the Thomas Reuters Lipper Hedge Fund Database, from January 1994-December 2021, the researchers found that, indeed, "hot" markets spawned more new hedge funds than "cold" ones.

To be more precise, about 30 more funds were started in an average "hot" month, compared to an equivalent "cold" month. This result held true regardless of the investment strategy--long/short equity hedge, fund of funds, etc.--used by the funds in question.

The researchers found that the temperature of the market that gave rise to a hedge fund was generally linked to its future performance. Funds that came into being during "hot" markets underperformed their cold-market peers by 2.28-2.76% per annum, after adjusting for risk factors, averaged through the funds' lifetime. The professors concluded that, all told, investors were losing out on $6-$7.5 million by buying into hot-market hedge funds (assuming a typical fund with $50 million assets under management).


																																						
    
     




																																			Moreover, hot-market funds were much more likely to fold within their first few years. Their incidence of forced closure (i.e. investors demanding their money back) was particularly high--up to 35.7% above cold-market peer funds.

Next, the researchers investigated possible explanations for these disparate results. Because hot-market funds did not perform better when cold-market conditions set in (that is, if they managed to survive that long), the story appeared to have little to do with the fund manager's efforts.

That is because in cold markets, fund managers are especially incentivized to chase higher returns, since investors who defect during these periods are harder to replace. If the problem boiled down to lazy managers, it should have been at least somewhat responsive to this change in market temperature.

At the same time, Sun and her co-authors found evidence of a "dumb-money effect" for hot-market funds whereby past flows failed to predict future returns. Also, the returns that were achieved by hot-market funds were derived more from conventional risk exposures than the exotic risks (e.g. derivatives) that are the unique specialty of this asset class. Both of the above factors suggest that investors who are drawn to hot-market funds are less sophisticated, which helps explain the initial success of flawed new funds in high-demand conditions.

"Another factor is manager quality," Sun summarizes. "In cold markets, there's less capital flowing into the hedge fund sector but increased competition. Only the most experienced and skilled managers with proven track records are able to attract sufficient investor capital to launch a new fund."


																																			Sun says her findings demonstrate the need for more nuanced thinking about this rapidly growing asset class. For example, hedge fund investors are automatically associated with "smart money," an assumption recently invoked by industry representatives successfully lobbying the courts to strike down an SEC disclosure rule.

"Hedge fund investors are typically more sophisticated than ordinary investors," Sun says. "But there are cross-sessional variations. In hot markets, new investors entering the sector are often less experienced, or 'green' investors."

Industry incentive structures are supposed to ensure managers do right by both the "smart" and "dumb money." But Sun points out that the motivations of fund managers are not always straightforward.

"You may assume that a hedge fund manager would want to control the fund's size so as to maximize returns and, consequently, performance fees. However, research indicates that managers sometimes focus more on the fund's size than performance. If you increase the total assets under management, you boost the company's fee income. In a hot market, companies have this incentive to launch more funds and attract as much capital as possible," Sun concludes.


																																																					
																				
																						More information:
												Lin Sun et al, The start matters: time-varying investor demand, hedge fund inceptions, and performance, Review of Finance (2023). DOI: 10.1093/rof/rfad031
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UN cultural agency rejects plan to place Britain's Stonehenge on list of heritage sites in danger
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                Revelers gather at the ancient stone circle Stonehenge to celebrate the Summer Solstice, the longest day of the year, near Salisbury, England, Wednesday, June 21, 2023. The United Nations' cultural agency has rejected recommendations to place Stonehenge on the list of world heritage sites in danger over concerns that Britain's plans to build a nearby highway tunnel threaten the landscape around the prehistoric monument. Credit: AP Photo/Kin Cheung, File
            
        

    


The United Nations' cultural agency rejected recommendations Wednesday to place Stonehenge on the list of world heritage sites in danger over concerns that Britain's plans to build a nearby highway tunnel threaten the landscape around the prehistoric monument.



										      
																																	Stonehenge was built on the flat lands of Salisbury Plain in southern England in stages, starting 5,000 years ago, with the unique stone circle erected in the late Neolithic period about 2,500 B.C.

It was added to the UNESCO World Heritage List in 1986--an honor bestowed upon sites that have special cultural or physical significance.

UNESCO experts had recommended listing Stonehenge as "in danger" over the plans for highway development.

But at the 46th session of the World Heritage Committee, which maintains the list and oversees the conservation of the sites, members led by Kenya and Qatar said Britain's plans to mitigate the effect on the site were sufficient and that it should not be added to the "in danger" list.

The highway project, which has been touted for decades and mired in legal challenges, is aimed at trying to ease traffic along a stretch of road prone to gridlock by moving the main highway underground and slightly farther away from the famous stone circle.

It has faced fierce opposition from local residents and archaeologists, as well as concern from UNESCO, over potential damage to the environment, wildlife and possible new archaeological finds.

Kenya, in amending the recommendation to list the site as in danger, focused on the fact that the main stone circle would be farther away from the road with the new construction, and not the experts' assessment that the road project would significantly impact the greater site. It also noted that Britain had considered more than 50 proposals for the highway plan.


																																						
    
     




																																			"What needs to be protected is not just the henge but the overall landscape of which the henge is a central focus," the UNESCO experts had argued in their draft proposal, which was rejected.

"The main henge is a highly visible and well-known monument and the proposed tunnel would improve its immediate setting, but this monument has to be considered in its context, surrounded by and inextricably linked to a large number of prehistoric features, which together form an ancient landscape."

After rejecting the proposal to list Stonehenge as in danger, the committee agreed to ask Britain for an updated report on the state of conservation of the property by December 2025.

UNESCO says a site's inclusion on its List of World Heritage Sites in Danger is not punitive, but rather meant to draw international attention to the urgent need for conservation measures and "encourage corrective action."

If issues are not rectified, sites face the possibility of being de-listed by UNESCO, though that is rare.
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Research confirms that ancient Tasmania was not a 'wilderness,' but an indigenous cultural landscape
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                (a) Map showing the location of Darwin Crater and Lake Selina in western Lutruwita and the correlation between the Southern Westerly Winds and rainfall (modified from Mariani and Fletcher, 2016); (b) Map of Lutruwitan vegetation zones (TasVeg 4.0) showing that Darwin Crater and Lake Selina situated in the same zone of mosaiced vegetation of moorland, rainforest, and related scrub. Credit: Quaternary Science Reviews (2024). DOI: 10.1016/j.quascirev.2024.108572
            
        

    


Recent studies led by the University of Melbourne have revealed that the Palawa people's ancient land stewardship techniques have profoundly shaped the landscape of western Lutruwita, within the traditional territories located in Tasmania.



										      
																																	The research, published in Quaternary Science Reviews, presents paleoecological data indicating significant shifts in the vegetation of Tasmania's cool temperate rainforests, correlating with periods prior to and following human settlement.

This research was undertaken with the express consent and support of the Lutruwitan Aboriginal community.

Sarah Cooley, the lead author and a Ph.D. candidate at the University of Melbourne, under the guidance of Prof. Michael-Shawn Fletcher, Theme Leader of Healthy Country at the Indigenous Knowledge Institute, highlighted the research's discovery of marked contrasts in the dynamics of rainforests. These contrasts were observed during the shift from glacial to interglacial periods, a timeline that spans both before and after the initial human settlement estimated to be around 43,000 years ago.

The intentional application of fire to sculpt ecosystems, foster open landscapes, and curb the prevalence of rainforests has shaped vegetation patterns across numerous millennia.

Before Indigenous occupation, lowland rainforests of celery-top pine and myrtle beech dominated the vegetation of western Tasmania, which together comprised about 77% of the pollen types during the previous interglacial period. Pollen grains reflect the natural relative vegetation composition at the time of pollen deposition.


																																						
    
     




																																			However, there was a shift following human arrival and Indigenous landscape management practices, particularly the use of fire, maintained open landscapes and restricted the expansion of rainforest vegetation to previous interglacial values.

During the transition to the current interglacial period, rainforest trees represented only about 41% of the pollen record, while buttongrass moorland--an indicator of human influence--expanded to cover 10%-23% of the landscape.

A diverse array of scientific techniques was applied to the analysis of sediment cores from two locations, Darwin Crater and Lake Selina. The methodologies encompassed radiometric dating, pollen analysis, examination of charcoal records, geochemical analysis, environmental magnetic data assessment, and sedimentary analysis.

The elemental content of nine sediment cores was determined using Micro-X-ray Fluorescence on the Itrax core scanner at ANSTO.

Patricia Gadd, Research Program Manager and Itrax Instrument Scientist, explained that a proxy for organic matter from the Itrax data was compared with conventional loss on ignition data.

Cooley noted, "The Holocene era's impact on Tasmania's rainforests was juxtaposed with similar latitudinal landscapes in New Zealand, which experienced later human occupation and a subsequent reversion to former interglacial rainforest extents. This contrast underscores the unique reduction in Tasmanian rainforest coverage during the Holocene, which is likely attributable to Indigenous fire management practices."

The authors emphasized the importance of comprehending historical ecological dynamics as a cornerstone for shaping modern landscape management approaches. This understanding becomes particularly vital in light of the intensifying effects of climate change, which include a rise in both the frequency and severity of bushfires.

By acknowledging and incorporating traditional Indigenous knowledge and practices, modern landscape management approaches can achieve greater effectiveness and sustainability.


																																																					
																				
																						More information:
												S. Cooley et al, Rainforest response to glacial terminations before and after human arrival in Lutruwita (Tasmania), Quaternary Science Reviews (2024). DOI: 10.1016/j.quascirev.2024.108572
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Same-sex marriage recognition helps countries attract and retain highly skilled workers, research suggests
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Marriage equality appears to have a major economic benefit for countries. Washington State University researchers found that European countries that recognized same-sex marriages kept more of their highly skilled workers from emigrating to the U.S.



										      
																																	The researchers analyzed 20 years of data on HB1 visas, which are reserved for immigrants to the U.S. with advanced degrees and specialized skills. From 2000-2019, a total of 13 European Union countries legalized same-sex marriage--and following that move, the U.S. saw a decrease in new HB1 visas from each of those countries, a drop of about 21% on average. The pattern held even though the enactment of marriage equality in the EU countries happened in different years and under different economic conditions.

"This just shows that having more inclusive policies can make a country more attractive for skilled labor," said Koroles Awad, a WSU Ph.D. candidate in economics.

Awad and co-author WSU economics Professor Jill McCluskey reported their findings in AEA Papers and Proceedings. Their analysis focused on skilled workers coming from European Union countries since it is a political and economic union with a shared labor market, making it possible to isolate the effect of same-sex marriage legalization. In addition, the EU presented a natural experiment as about half of the 27 member countries had enacted marriage equality by 2019, and the other 14 countries had not--and could serve as a control group.

The researchers also looked at the effect of the U.S. first recognizing foreign same-sex marriages in 2013. They found the enactment of that policy slowed the decline of visa admissions from EU countries that already had marriage equality policies, including The Netherlands, Belgium and Spain.


																																						
    
     




																																			These foreign workers are highly sought after, Awad noted, particularly in STEM fields, those dealing with science, technology, engineering and math.

"There is a lot of effort within the U.S. and in foreign countries to compete for these graduates and keep advanced degree holders in the country," he said. "Marriage equality could be a non-monetary incentive to attract skilled workers, keep them in our economy and keep that STEM advantage."

These findings build on previous work on migration within states in the U.S. before federal marriage equality. That study found that same-sex couples and heterosexual couples with a female head of household were more likely to move to states that recognized same-sex marriage.

The data in this study does not include the sexual orientation of H1B visa holders, but the effect of the recognition of marriage equality was clear on the movement of skilled labor. Statistically, same-sex couples tend to have higher levels of education, but the researchers said the change could also simply indicate that many highly skilled people are drawn to areas with more inclusive policies.

"In general, discriminatory policies are bad for the economy, and this is one way that shows it," said McCluskey. "As a country, we should try to have all people be able to fulfill their potential. If we have policies that are non-discriminatory, then everyone can do better, and it will be better for the economy."


																																																					
																				
																						More information:
												Koroles Awad et al, Marriage Equality and the Transnational Flow of Skilled Labor: The Impact of Same-Sex Marriage Legalization in the United States on the Inflow of Skilled Labor, AEA Papers and Proceedings (2024). DOI: 10.1257/pandp.20241039
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Weibo posts illuminate public response to China's three-child policy measures
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An analysis of comments on Chinese social media platform Sina Weibo reveals trends in the public response to measures implemented to support China's three-child policy, highlighting concerns about women's rights and employment. Lijuan Peng of Zhejiang Gongshang University in Hangzhou, China, and colleagues present these findings in the open-access journal PLOS ONE on July 24, 2024.



										      
																																	For decades, China's one-child policy restricted most families to having just one child. In 2021, to combat a falling birthrate, China introduced its three-child policy, allowing couples to have up to three children. To help encourage childbirth, China has introduced supportive measures alongside, such as housing subsidies and maternity insurance.

Social media offers a unique window into the public response to new national policies, but few studies have analyzed the three-child policy through such a lens.

To deepen understanding of the response to China's three-child supportive measures, Peng and colleagues analyzed comments posted on Sina Weibo after the release of information about such measures between May 2021 and June 2022. They drew on various statistical and computational tools, including neural network analysis, to identify hot topics and areas of concern.

The analysis revealed short-term, positive attitudes among Weibo users in response to some supportive measures, including those relating to housing subsidies, maternity insurance, and financial incentives. However, users showed persistent negative responses to extensions of maternity leave, primarily due to concerns about women's future employment opportunities and marital rights.

The researchers found that Sina Weibo discussions about the three-child policy were primarily centered around protection of women's rights, including post-childbirth legal rights and access to adequate physical and mental health care.

Other hot topics included the financial difficulty of raising multiple children and concerns about housing and childcare services. The study also highlighted a strong desire for children among many infertile or single women that has gone unfulfilled because of the limitations of the personal medical insurance system.

These findings could help inform China's future efforts to raise birthrates. Meanwhile, further research could address some of the limitations of this analysis, such as by accounting for social media users' demographics.

The authors add, "This study reveals the public's evolving focus, cognition, and emotional response to the three-child supportive policy through Weibo analysis, providing insights for future policy releases."


																																																					
																				
																						More information:
												Changes in online public opinions associated with various three-child supportive policies in China: Observational study using social media data over time, PLoS ONE (2024). DOI: 10.1371/journal.pone.0306698
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