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


      
        Biodegradable aerogel: Airy cellulose from a 3D printer
        At first glance, biodegradable materials, inks for 3D printing and aerogels don't seem to have much in common. All three have great potential for the future; however, "green" materials do not pollute the environment, 3D printing can produce complex structures without waste, and ultra-light aerogels are excellent heat insulators.

      

      
        Improving infectious disease testing with gold nanoparticles
        By harnessing the power of composite polymer particles adorned with gold nanoparticles, a group of researchers have delivered a more accurate means of testing for infectious diseases. Details of their research are published in the journal Langmuir.

      

      
        Unlocking exotic physics: Exploring graphene's topological bands in super-moire structures
        In a new study, scientists from Singapore and Spain have presented a new avenue for exploring exotic physics in graphene. They focus on electronic interactions in graphene when it is sandwiched in a three-layer structure which provides a platform to exploit unique electronic band configurations.

      

      
        Study describes zinc oxide nanoparticle strategy for inactivation of multidrug-resistant bacteria
        An article published in the Journal of Environmental Chemical Engineering describes a possible strategy for promoting selective inhibition of multidrug-resistant bacteria, which are increasingly abundant owing to the indiscriminate use of antibiotics and are therefore a major human health hazard.

      

      
        Novel high entropy alloy nanoparticle catalysts for growing high-density carbon nanotubes
        High entropy alloys (HEAs) have attracted significant attention in various fields due to their unique properties such as high strength and hardness, and high thermal and chemical stabilities.
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                The printed objects can be rehydrated and dried multiple times without losing their shape--or they can be made hydrophobic. Credit: Empa
            
        

    


At first glance, biodegradable materials, inks for 3D printing and aerogels don't seem to have much in common. All three have great potential for the future; however, "green" materials do not pollute the environment, 3D printing can produce complex structures without waste, and ultra-light aerogels are excellent heat insulators.



										      
         
        
        
        

      

																																	
Empa researchers have now succeeded in combining all these advantages in a single material. And their cellulose-based, 3D-printable aerogel can do even more. The study is published in Advanced Science.

The material was created under the leadership of Deeptanshu Sivaraman, Wim Malfait and Shanyu Zhao from Empa's Building Energy Materials and Components laboratory, in collaboration with the Cellulose & Wood Materials and Advanced Analytical Technologies laboratories as well as the Center for X-ray Analytics.

Together with other researchers, Zhao and Malfait had already developed a process for printing silica aerogels in 2020. This was no trivial task: Silica aerogels are foam-like materials, highly open porous and brittle. Before the Empa development, shaping them into complex forms had been pretty much impossible. "It was the logical next step to apply our printing technology to mechanically more robust bio-based aerogels," says Zhao.

The researchers chose the most common biopolymer on Earth as their starting material: cellulose. Various nanoparticles can be obtained from this plant-based material using simple processing steps. Doctoral student Sivaraman used two types of such nanoparticles--cellulose nanocrystals and cellulose nanofibers--to produce the "ink" for printing the bio-aerogel.



    
        
            [image: Biodegradable aerogel: Airy cellulose from a 3D printer]
             
                Complexity and lightness: Empa researchers have developed a 3D printing process for biodegradable cellulose aerogel. Credit: Empa
            
        

    



More than 80% water

The flow characteristics of the ink are crucial in 3D printing: It must be viscous enough in order to hold a three-dimensional shape before solidification. At the same time, however, it should liquefy under pressure so that it can flow through the nozzle. With the combination of nanocrystals and nanofibers, Sivaraman succeeded in doing just that: The long nanofibers give the ink a high viscosity, while the rather short crystals ensure that it has shear thinning effect so that it flows more easily during extrusion.


																																						
    
     




																																			In total, the ink contains around 12% cellulose--and 88% water. "We were able to achieve the required properties with cellulose alone, without any additives or fillers," says Sivaraman. This is not only good news for the biodegradability of the final aerogel products, but also for its heat-insulating properties. To turn the ink into an aerogel after printing, the researchers replace the pore solvent water first with ethanol and then with air, all while maintaining shape fidelity. "The less solid matter the ink contains, the more porous the resulting aerogel," explains Zhao.

This high porosity and the small size of the pores make all aerogels extremely effective heat insulators. However, the researchers have identified a unique property in the printed cellulose aerogel: It is anisotropic. This means its strength and thermal conductivity are direction-dependent.

"The anisotropy is partly due to the orientation of the nanocellulose fibers and partly due to the printing process itself," says Malfait. This allows the researchers to control in which axis the printed aerogel piece should be particularly stable or particularly insulating. Such precisely crafted insulating components could be used in microelectronics, where heat should only be conducted in a certain direction.

Many potential applications in medicine

Although the original research project was primarily interested in thermal insulation, the researchers quickly saw another area of application for their printable bio-aerogel: medicine. As it consists of pure cellulose, the new aerogel is biocompatible with living tissues and cells.


																																			Its porous structure is able to absorb drugs and then release them into the body over a long period of time. And 3D printing offers the possibility of producing precise shapes that could, for instance, serve as scaffolds for cell growth or as implants.

A particular advantage is that the printed aerogel can be rehydrated and re-dried several times after the initial drying process without losing its shape or porous structure. In practical applications, this would make the material easier to handle: It could be stored and transported in dry form and only be soaked in water shortly before use.

When dry, it is not only light and convenient to handle, but also less susceptible to bacteria--and does not have to be elaborately protected from drying out. "If you want to add active ingredients to the aerogel, this can be done in the final rehydration step immediately before use," says Sivaraman. "Then you don't run the risk of the medication losing its effectiveness over time or if it is stored incorrectly."

The researchers are also working on drug delivery from aerogels in a follow-up project--with less focus on 3D printing for now. Shanyu Zhao is collaborating with researchers from Germany and Spain on aerogels made from other biopolymers, such as alginate and chitosan, derived from algae and chitin respectively.

Meanwhile, Wim Malfait wants to further improve the thermal insulation of cellulose aerogels. And Deeptanshu Sivaraman has completed his doctorate and has since joined the Empa spin-off Siloxene AG, which creates new hybrid molecules based on silicon.



																																																					
																				
																						More information:
												Deeptanshu Sivaraman et al, Additive Manufacturing of Nanocellulose Aerogels with Structure-Oriented Thermal, Mechanical, and Biological Properties, Advanced Science (2024). DOI: 10.1002/advs.202307921
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Improving infectious disease testing with gold nanoparticles
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                An immunoassay system that uses GNDP particles with antibodies. Credit: Langmuir (2024). DOI: 10.1021/acs.langmuir.3c03890
            
        

    


By harnessing the power of composite polymer particles adorned with gold nanoparticles, a group of researchers have delivered a more accurate means of testing for infectious diseases. Details of their research are published in the journal Langmuir.




										      
         
        
        
        

      

																																	The COVID-19 pandemic reinforced the need for fast and reliable infectious disease testing in large numbers. Most testing done today involves antigen-antibody reactions. Fluorescence, absorptions, or color particle probes are attached to antibodies. When the antibodies stick to the virus, these probes visualize the virus's presence. In particular, the use of color nanoparticles is renowned for its excellent visuality, along with its simplicity to implement, with little scientific equipment needed to perform lateral flow tests.

Gold color nanoparticles (AU-NP), with their high chemical stability and unique plasmon absorption, are widely employed as probes in immunoassay tests. They exhibit extreme versatility, with their colors fluctuating according to their size and shape. Additionally, their surface can be modified by using thiol compounds.

Conventional tests that use AU-NP often have to amplify AU-NP's optical density, so that scientists can easily measure the strength of the signal produced by the interaction between antibodies and the target substance.

Adding more gold nanoparticles is one means to do this. But because nanoparticles are tiny, it requires a large quantity of them to achieve a strong enough signal for accurate detection.

To overcome this, the researchers proposed a new method called self-organized precipitation (SORP). SORP works by dissolving polymers into organic solvents before adding a liquid that doesn't dissolve the polymers well, like water. After the original organic solvent is removed by evaporation, polymers assemble together, forming tiny particles.

"Using gold nanoparticle decorated polymers (GDNP) assembled by SORP, we set out to see how effective they would be in detecting the influenza virus, and whether they offered improved sensitivity in detecting antigen-antibody reactions," states Hiroshi Yabu, co-author of the paper and professor at Tohoku University's Advanced Institute for Materials Research (AIMR). "And it did. Our method resulted in a higher optical density than original AU-NPs and GNDPs decorated with smaller AU-NPs."

Yabu and his colleagues' findings reinforce that GNDP particles have broad utility, extending beyond laboratory settings to real-world diagnostic scenarios.


																																																					
																				
																						More information:
												Hiroshi Yabu et al, Gold Nanoparticle-Decorated Polymer Particles for High-Optical-Density Immunoassay Probes, Langmuir (2024). DOI: 10.1021/acs.langmuir.3c03890
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                Left: Top view of the moire pattern formed by sandwiching monolayer graphene between top and bottom hexagonal boron nitride (hBN) substrates. One substrate is aligned with the monolayer graphene, while the second hbN substrate is rotated with respect to the monolayer graphene. Right: Side view of the vertical super-moire lattice heterostructure showing top and bottom hBN substrates in red and the monolayer graphene in black. Credit: Mohammed M. Al Ezzi, Junxiong Hu, Ariando Ariando, Francisco Guinea, and Shaffique Adam.
            
        

    


In a new study, scientists from Singapore and Spain have presented a new avenue for exploring exotic physics in graphene. They focus on electronic interactions in graphene when it is sandwiched in a three-layer structure which provides a platform to exploit unique electronic band configurations.



										      
         
        
        
        

      

																																	
Graphene is a 2D sheet of carbon atoms arranged in a hexagonal lattice (arrangement) which demonstrates properties like high electrical conductivity, mechanical strength, and flexibility. This has grabbed the interest of scientists as a promising candidate for electronic applications.

However, very little has been studied about the electronic properties of monolayer graphene.

In this new Physical Review Letters study, the researchers focused on studying these properties by sandwiching graphene between two bulk boron nitride layers.

The work was part of the first author, Mohammed M. Al Ezzi's Ph.D. at the National University of Singapore (NUS), who is now working as a post-doc under Prof. Shaffique Adam at NUS.

Moire potentials, patterns, and lattices

In material science, different layers of materials are stacked on top of one another to create a new structure known as a moire structure. These layers are misaligned leading to the formation of a moire pattern.



    
    
    
        
        
    
         
             
         

          

These layers interact with each other through various forces, in this case, through van der Waal forces. This leads to variations in the potential energy experienced by the electron within the material (graphene or boron nitride), known as the moire potential.

So, the moire potential arises from the interference between the atomic arrangements of the two materials, resulting in a periodic modulation of the potential energy within the graphene layer.

This moire potential plays a crucial role in influencing the electronic properties of the material and can lead to the emergence of unique phenomena such as flat bands and topological states.


																																						
    
     




																																			Three layers and topological bands

The researchers propose a three-layer structure, with the graphene layer in the middle to induce topological bands. The resulting structure is known as a super-moire structure.

It is called a super-moire structure because there are two distinct moire structures, from the top and bottom boron nitride substrates. This gives rise to some exotic physics, which is to say unconventional physics.

Prof. Adam explained, "By situating graphene between the boron nitride substrates and adjusting the alignment to specific twist angles, we can induce topological flat bands in graphene's energy spectrum. These flat bands, in turn, likely host robust strongly correlated electron states."

Topological bands are a unique electronic state in a material that has special properties due to its unusual structure. They represent a departure from conventional electronic states like conductors or insulators.

For their work, the researchers specified twist angles of 0 degrees for the bottom boron nitride layer and around 0.6 degrees for the top boron nitride layer. These angles represent the amount of rotation applied to the layers relative to their original orientations.

The researchers' model for the three-layer structure showed the existence of a topological flat band as a result of the moire potential.

These flat bands represent flat energy levels, meaning that the energy of the electrons within these bands does not change much as their momentum varies (think of it as walking across a plateau).


																																			Correlated physics and generalization

The question that arises now is: What is the significance of these topological flat bands?

The existence of these flat bands is a unique property and can be used to harness different electronic properties and therefore, unique electronic applications.

For example, topological insulators behave as insulators in their bulk but conduct electricity along their surface or edges.

The researchers think these topological flat bands for monolayer graphene could give rise to correlated physics, in which the electrons behave as a collective unit (via Coulombic interactions), giving rise to novel electronic states, such as superconductivity, magnetism, and insulating phases.

Prof. Adam explained, "Various moire systems made of multiple monolayer graphene sheets have shown the emergence of correlated physics and flat bands. However, there is currently no unified understanding of the emergence of flat bands and correlated physics in these different moire systems."

"One way to have a unified understanding of the emergence of flat bands and correlated physics in all the different graphene-based moire systems is to study flat bands in a single monolayer sheet. Studying a single monolayer graphene can tell us the minimum ingredients to show flat bands and correlated phases."

The researchers also demonstrated generalization by extending their findings to graphene bilayer and trilayer configuration, showing potential for superconductivity.

They further showed that these topological flat bands were extremely stable, indicating their robustness and reliability for supporting correlated physics.


																																						
    
     




																																			Preserving quality and topological transistors

There are several other methods to induce these strong electronic interactions that give rise to correlated physics. But, some of them can affect the graphene quality itself.

"One common method to induce strong electron interactions in graphene involves mechanical deformation. However, this approach often compromises the quality of graphene and poses challenges in control."

"Our method promotes stronger electronic interactions by inducing flat bands while preserving graphene's intrinsic high-quality properties," said Prof. Adam.

The researchers are already involved with a company called FLEET who are developing topological transistors and hope that their work with topological flat bands can help realize new devices.

The findings are exciting for the development of novel graphene-based electronics and also further the understanding of condensed matter physics and exotic physics.



																																																					
																				
																						More information:
												Mohammed M. Al Ezzi et al, Topological Flat Bands in Graphene Super-Moire Lattices, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.132.126401. On arXiv: DOI: 10.48550/arxiv.2306.10116
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Study describes zinc oxide nanoparticle strategy for inactivation of multidrug-resistant bacteria
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                The aim of the experiment was to verify the susceptibility of bacteria to nanoparticles with different morphologies. Credit: Journal of Environmental Chemical Engineering
            
        

    


An article published in the Journal of Environmental Chemical Engineering describes a possible strategy for promoting selective inhibition of multidrug-resistant bacteria, which are increasingly abundant owing to the indiscriminate use of antibiotics and are therefore a major human health hazard.




										      
         
        
        
        

      

																																	The article proposes to use nanoparticles of metal or metal oxide to inactivate multiresistant bacteria by means of ion release, direct contact between the nanoparticles and the bacteria via electrostatic interaction, or formation of reactive oxygen species. All these processes kill the bacteria by disrupting their cell membranes.

The authors include Brazilian scientists affiliated with the Center for Development of Functional Materials (CDMF), a Research, Innovation and Dissemination Center (RIDC) hosted by the Federal University of Sao Carlos (UFSCar); the University of Sao Paulo's Sao Carlos Institute of Physics (IFSC-USP); Sao Paulo State University's Institute of Chemistry (IQ-UNESP); and the Maranhao Federal Institute of Education, Science and Technology (IFMA).

The researchers produced a number of zinc oxide nanoparticles (ZnO NPs) with varying morphologies and tested them in an aqueous medium, finding that the nanomaterial successfully killed a large group of multiresistant bacteria isolated from human clinical specimens. The aim of the experiment was to verify the antibacterial activity of the ZnO NPs against strains from clinical isolates.

Principal component analysis, a statistical procedure that summarizes the information content in large data tables, was used to investigate how changes to nanoparticle synthesis parameters influenced the material's antibacterial activity.


																																						
    
     




																																			According to Gleison Marques, a Ph.D. candidate in chemistry at UFSCar and first author of the article, the advantage of using ZnO is that it is considered safe by regulatory authorities worldwide and can be used in many types of material functionalized for mass production. In addition, ZnO NPs are cheaper than nanoparticles made of other metals, such as gold or silver.

The material has the potential to be used in water treatment, food packaging and sunscreen, among other applications, Marques said, but more studies are needed to analyze possible contraindications regarding dosage, toxicity in water, and interaction with complex biological systems.

"Next steps include application of these nanoparticles in polymer systems to produce nanocomposites that can be used to coat metal surfaces in hospital environments, for example," he said.


																																																					
																				
																						More information:
												Gleison N. Marques et al, Selective inhibitory activity of multidrug-resistant bacteria by zinc oxide nanoparticles, Journal of Environmental Chemical Engineering (2024). DOI: 10.1016/j.jece.2023.111870
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Novel high entropy alloy nanoparticle catalysts for growing high-density carbon nanotubes
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                Model diagram of a single-walled carbon nanotube generated from high entropy alloy nanoparticles (left) and scanning electron microscope image of the nanotube (right). Credit: Takahiro Maruyama / Meijo University
            
        

    


High entropy alloys (HEAs) have attracted significant attention in various fields due to their unique properties such as high strength and hardness, and high thermal and chemical stabilities.



										      
         
        
        
        

      

																																	
Unlike conventional alloys, which typically incorporate small quantities of one or two additional metals, HEAs constitute a solid solution of five or more metals in equal atomic ratio. This unique composition results in unique and complex surface structures that contain many different active sites suitable for catalytic reactions. As a result, in recent years, HEA nanoparticles (NPs) have been extensively studied for their catalytic potential.

However, despite their potential, HEA NPs have never been used as catalysts for growing single-walled carbon nanotubes (SWCNTs). SWCNTs, nanoscale tubes made up of carbon, exhibit remarkable properties such as exceptional strength and thermal and electrical conductivity, making them valuable in many fields like battery components and biosensors for biomedical and agricultural applications.

Consequently, there is an urgent need for efficient synthesis methods for SWCNTs, necessitating the development of effective catalysts.

In a pioneering study, a team of researchers from Japan, led by Professor Takahiro Maruyama from the Department of Applied Chemistry at Meijo University, achieved, for the first time, growth of SWCNTs using HEA NPs.


																																						
    
     




																																			"CNTs hold immense potential across numerous domains. If we can reduce their synthesis cost and achieve selective SWCNTs growth through catalyst improvements, it could pave the way for high-speed devices and various optical sensors, making our lives more comfortable," says Prof. Maruyama.
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                Relationship between d-band center and SWCNT yield for high entropy alloy nanopartices and monometal ones. Credit: Takahiro Maruyama / Meijo University
            
        

    



In previous studies, Prof. Maruyama's team was successful in growing SWCNTs using single metals such as iridium, platinum, and rhodium as catalysts. Building upon their findings, in this study, they used HEA NPs comprised of five platinum group metals (5 PGM), including rhodium, rubidium, palladium, iridium, and platinum.

Prof. Maruyama explains, "Considering that PGM HEA NPs often have higher activities than individual PGM catalysts, we theorized that HEA NPs composed of PGMs might act as highly active catalysts for growing SWCNTs."

The team synthesized SWCNTs through the chemical vapor deposition (CVD) process, in which SWCNTs are grown by depositing layers of materials atom by atom on a solid surface in a vacuum. CVD was carried out using acetylene as the feedstock at 750 0C for 10 minutes with the 5 PGM HEA NPs as catalysts. This resulted in the growth of high-density SWNCTs with lengths longer than 1 micrometer. Additionally, Raman analysis showed that the SWNCTs had diameters in the range of 0.83-1.1 nanometers.


																																			To compare the performance of the HEA NPs, they also synthesized SWNCTs using the individual metals as the catalysts, alongside iron and cobalt, the most commonly used catalysts for obtaining high-yield SWCNTs in the same CVD process. Experiments revealed that the catalytic activity of HEA NPs was considerably higher than that of the individual PGM metals and was comparable to that of iron and cobalt.

The team attributed this high activity to the unique surface structure of HEA NPs that provide various active sites for catalytic reaction owing to the diversity of their atomic structure.

"Our results show that 5 PGM HEA NPs are highly suitable for the growth of small-diameter SWNCTs, representing a completely new matchmaking between materials. Moreover, given the countless combinations possible for HEA composition, our study can pave the way for even superior catalysts," says Prof. Takamura.

Overall, this study demonstrates the effectiveness of HEA NPs as catalysts for the growth of high-quality SWCNTS, opening new avenues in carbon nanotube research.

The research is published in the journal Applied Physics Express.



																																																					
																				
																						More information:
												Tomoki Omae et al, Development of nanostructured Ge/C anodes with a multistacking layer fabricated via Ar high-pressure sputtering for high-capacity Li+-ion batteries, Applied Physics Express (2024). DOI: 10.35848/1882-0786/ad2785
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        New focused approach can help untangle messy quantum scrambling problems
        The world is a cluttered, noisy place, and the ability to effectively focus is a valuable skill. For example, at a bustling party, the clatter of cutlery, the conversations, the music, the scratching of your shirt tag and almost everything else must fade into the background for you to focus on finding familiar faces or giving the person next to you your undivided attention.

      

      
        Physics of complex fluids: Ring polymers show unexpected motion patterns under shear
        The shearing of fluids--meaning the sliding of fluid layers over each other under shear forces--is an important concept in nature and in rheology, the science that studies the flow behavior of matter, including liquids and soft solids. Shear forces are lateral forces applied parallel to a material, inducing deformation or slippage between its layers.

      

      
        'It's ultimately about predicting everything'--theory could be a map in the hunt for quantum materials
        A breakthrough in theoretical physics is an important step toward predicting the behavior of the fundamental matter of which our world is built. It can be used to calculate systems of enormous quantities of quantum particles, a feat thought impossible before.

      

      
        Team presents new path to long-term data storage based on atomic-scale defects
        With the development of the internet, social media and cloud computing, the amount of data created worldwide on a daily basis is sky-rocketing. This calls for new technologies that could provide higher storage densities combined with secure long-term data archiving far beyond the capabilities of traditional data storage devices.
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New focused approach can help untangle messy quantum scrambling problems
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                A collection of quantum particles can store information in various collective quantum states. The above model represents the states as blue nodes and illustrates how interactions can scramble the organized information of initial states into a messy combination by mixing the options along the illustrated links. Credit: Amit Vikram, UMD
            
        

    


The world is a cluttered, noisy place, and the ability to effectively focus is a valuable skill. For example, at a bustling party, the clatter of cutlery, the conversations, the music, the scratching of your shirt tag and almost everything else must fade into the background for you to focus on finding familiar faces or giving the person next to you your undivided attention.



										      
         
        
        
        

      

																																	
Similarly, nature and experiments are full of distractions and negligible interactions, so scientists need to deliberately focus their attention on sources of useful information. For instance, the temperature of the crowded party is the result of the energy carried by every molecule in the air, the air currents, the molecules in the air picking up heat as they bounce off the guests and numerous other interactions.

But if you just want to measure how warm the room is, you are better off using a thermometer that will give you the average temperature of nearby particles rather than trying to detect and track everything happening from the atomic level on up. A few well-chosen features--like temperature and pressure--are often the key to making sense of a complex phenomenon.

It is especially valuable for researchers to focus their attention when working on quantum physics. Scientists have shown that quantum mechanics accurately describes small particles and their interactions, but the details often become overwhelming when researchers consider many interacting quantum particles.

Applying the rules of quantum physics to just a few dozen particles is often more than any physicist--even using a supercomputer--can keep track of. So, in quantum research, scientists frequently need to identify essential features and determine how to use them to extract practical insights without being buried in an avalanche of details.


																																						
    
     




																																			In a paper published in the journal Physical Review Letters in January 2024, JQI Fellow Victor Galitski and JQI graduate student Amit Vikram identified a new way that researchers can obtain useful insights into the way information associated with a configuration of particles gets dispersed and effectively lost over time. Their technique focuses on a single feature that describes how various amounts of energy can be held by different configurations a quantum system.

The approach provides insight into how a collection of quantum particles can evolve without the researchers having to grapple with the intricacies of the interactions that make the system change over time.

This result grew out of a previous project where the pair proposed a definition of chaos for the quantum world. In that project, the pair worked with an equation describing the energy-time uncertainty relationship--the less popular cousin of the Heisenberg uncertainty principle for position and momentum.

The Heisenberg uncertainty principle means there's always a tradeoff between how accurately you can simultaneously know a quantum particle's position and momentum. The tradeoff described by the energy-time uncertainty relationship is not as neatly defined as its cousin, so researchers must tailor its application to different contexts and be careful how they interpret it. But in general, the relationship means that knowing the energy of a quantum state more precisely increases how long it tends to take the state to shift to a new state.


																																			When Galitski and Vikram were contemplating the energy-time uncertainty relationship they realized it naturally lent itself to studying changes in quantum systems--even those with many particles--without getting bogged down in too many details. Using the relationship, the pair developed an approach that uses just a single feature of a system to calculate how quickly the information contained in an initial collection of quantum particles can mix and diffuse.

The feature they built their method around is called the spectral form factor. It describes the energies that quantum physics allows a system to hold and how common they are--like a map that shows which energies are common and which are rare for a particular quantum system.

The contours of the map are the result of a defining feature of quantum physics--the fact that quantum particles can only be found in certain states with distinct--quantized--energies. And when quantum particles interact, the energy of the whole combination is also limited to certain discrete options.

For most quantum systems, some of the allowed energies are only possible for a single combination of the particles, while other energies can result from many different combinations. The availability of the various energy configurations in a system profoundly shapes the resulting physics, making the spectral form factor a valuable tool for researchers.

Galitski and Vikram tailored a formulation of the energy time uncertainty relationship around the spectral form factor to develop their method. The approach naturally applies to the spread of information since information and energy are closely related in quantum physics.


																																						
    
     




																																			While studying this diffusion, Galitski and Vikram focused their attention on an open question in physics called the fast-scrambling conjecture, which aims to pin down how long it takes for the organization of an initial collection of particles to be scrambled--to have its information mixed and spread out among all interacting particles until it becomes effectively unrecoverable.



    
        
            [image: A focused approach can help untangle messy quantum scrambling problems]
             
                Illustration (log-linear) of scrambling speed limits. Credit: Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.132.040402
            
        

    



The conjecture is not concerned just with the fastest scrambling that is possible for a single case, but instead, it is about how the time that the scrambling takes changes based on the size or complexity of the system.

Information loss during quantum scrambling is similar to an ice sculpture melting. Suppose a sculptor spelled out the word "swan" in ice and then absentmindedly left it sitting in a tub of water on a sunny day. Initially, you can read the word at a glance. Later, the "s" has dropped onto its side and the top of the "a" has fallen off, making it look like a "u," but you can still accurately guess what it once spelled.

But, at some point, there's just a puddle of water. It might still be cold, suggesting there was ice recently, but there's no practical hope of figuring out if the ice was a lifelike swan sculpture, carved into the word "swan" or just a boring block of ice.

How long the process takes depends on both the ice and the surroundings: Perhaps minutes for a small ice cube in a lake or an entire afternoon for a two-foot-tall centerpiece in a small puddle.


																																			The ice sculpture is like the initial information contained in a portion of the quantum particles, and the surrounding water is all the other quantum particles they can interact with. But, unlike ice, each particle in the quantum world can simultaneously inhabit multiple states, called a quantum superposition, and can become inextricably linked together through quantum entanglement, which makes deducing the original state extra difficult after it has had the chance to change.

For practical reasons, Galitski and Vikram designed their technique so that it applies to situations where researchers never know the exact states of all the interacting quantum particles.

Their approach works for a range of cases spanning those where information is stored in a small chunk of all the interacting quantum particles to ones where the information is on a majority of particles--anything from an ice cube in a lake to a sculpture in a puddle. This gives the technique an advantage over previous approaches that only work for information stored on a few of the original particles.

Using the new technique, the pair can get insight into how long it takes a quantum message to effectively melt away for a wide variety of quantum situations. As long as they know the spectral form factor, they don't need to know anything else.

"It's always nice to be able to formulate statements that assume as little as possible, which means they're as general as possible within your basic assumptions," says Vikram, who is the first author of the paper. "The neat little bonus right now is that the spectral form factor is a quantity that we can in principle measure."


																																						
    
     




																																			The ability of researchers to measure the spectral form factor will allow them to use the technique even when many details of the system are a mystery. If scientists don't have enough details to mathematically derive the spectral form factor or to tailor a custom description of the particles and their interactions, a measured spectral form factor can still provide valuable insights.

As an example of applying the technique, Galitski and Vikram looked at a quantum model of scrambling called the Sachdev-Ye-Kitaev (SYK) model. Some researchers believe there might be similarities between the SYK model and the way information is scrambled and lost when it falls into a black hole.

Galitski and Vikram's results revealed that the scrambling time became increasingly long as they looked at larger and larger numbers of particles instead of settling into conditions that scrambled as rapidly as possible.

"Large collections of particles take a really long time to lose information into the rest of the system," Vikram says. "That is something we can get in a very simple way without knowing anything about the structure of the SYK model, other than its energy spectrum. And it's related to things people have been thinking about simplified models for black holes. But the real inside of a black hole may turn out to be something completely different that no one's imagined."

Galitski and Vikram are hoping future experiments will confirm their results, and they plan to continue looking for more ways to relate a general quantum feature to the resulting dynamics without relying on many specific details.

They and their colleagues are also investigating properties of the spectral form factor that every system should satisfy and are working to identify constraints on scrambling that are universal for all quantum systems.
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												Amit Vikram et al, Exact Universal Bounds on Quantum Dynamics and Fast Scrambling, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.132.040402
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                Schematic of poly[2]catenane slip tumbling and bonded ring gradient tumbling. Credit: Reyhaneh A. Farimani
            
        

    


The shearing of fluids--meaning the sliding of fluid layers over each other under shear forces--is an important concept in nature and in rheology, the science that studies the flow behavior of matter, including liquids and soft solids. Shear forces are lateral forces applied parallel to a material, inducing deformation or slippage between its layers.



										      
         
        
        
        

      

																																	
Fluid shear experiments allow the characterization of important rheological properties such as viscosity (resistance to deformation or flow) and thixotropy (decrease in viscosity under the influence of shear), which are important in applications ranging from industrial processes to medicine. Studies on the shear behavior of viscoelastic fluids created by introducing polymers into Newtonian fluids have already been conducted in recent years.

However, a novel approach in the current research involves the consideration of polymer topology--the spatial arrangement and structure of molecules--by using ring polymers. Ring polymers are macromolecules composed of repeating units, forming closed loops without free ends.

A matter of linking

First author Reyhaneh Farimani explains, "For our computer simulation experiments under shear, we considered two similar types of connected ring pairs: One in which the linkage is chemical, called bonded rings (BRs), and one in which the linkage is mechanical via a Hopf link, called polycatenanes (PCs)."

Special emphasis was placed on taking into account hydrodynamic interactions through appropriate simulation techniques, which proved to be crucial since a delicate interplay between fluctuating hydrodynamics and topology governs the emerging patterns.

The results were surprising: On the one hand, the response of the two components, BRs, and PCs, was very different from each other--and on the other hand, it was clearly different from that of various other polymer types, such as linear, star, or branched. In particular, the dominant dynamic pattern in other polymers under shear ("vorticity tumbling") is either suppressed (BRs) or virtually absent (PCs) in these topologically modified polymers.


																																						
    
     




																																			Unexpected types of tumbling

"What we discovered," says Christos Likos, co-author of the study, "are completely unexpected dynamic patterns in both ring polymer types, which we call gradient-tumbling and slip-tumbling." Due to an interplay between hydrodynamics and ring topology, the BR molecules tumble around the gradient direction, which is perpendicular to the vorticity and flow axes. BRs are found to be in a continuous gradient-tumbling motion under shear.

On the contrary, PCs become thin, orient themselves close to the flow axis, and maintain a fixed, stretched, and non-tumbling conformation under shear. Instead, due to their peculiar form of mechanical linkage, PCs exhibit intermittent dynamics, with occasional exchange of the two rings as they slip through each other, a pattern the authors of the paper call slip-tumbling.

These unexpected modes of motion, which bear unique signatures of the topologies of the polymer compounds, underscore the importance of the interplay between hydrodynamics and polymer architecture. In fact, the researchers found in their simulations that when the backflow effects are artificially eliminated, the differences between BRs and PCs disappear.

These dynamical modes also have a noticeable effect on the mechanical properties of the solution since BRs release internal stresses by tumbling, whereas PCs store stresses permanently, resulting in a much higher viscosity in the latter case. This leads to the hypothesis that the different tumbling motions and structures of PCs and BRs could influence the shear viscosity--a fluid's resistance to flow under shear reflecting its internal friction and ability to deform--of highly concentrated solutions or polymer melts of these molecules.

Further experimental and theoretical studies are needed to test this hypothesis. The current study was conducted by a scientific cooperation between the University of Vienna, the Sharif University of Technology in Iran, and the International School of Advanced Studies (SISSA) in Italy.

The work is published in the journal Physical Review Letters.
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A breakthrough in theoretical physics is an important step toward predicting the behavior of the fundamental matter of which our world is built. It can be used to calculate systems of enormous quantities of quantum particles, a feat thought impossible before.



										      
         
        
        
        

      

																																	
The new University of Copenhagen research may prove of great importance for the design of quantum computers and could even be a map to superconductors that function at room temperature. The paper is published in the journal Physical Review X.

On the fringes of theoretical physics, Berislav Buca investigates the nearly impossible by way of "exotic" mathematics. His latest theory is no exception. By making it possible to calculate the dynamics, i.e., movements and interactions, of systems with enormous quantities of quantum particles, it has delivered something that had been written off in physics. An impossibility made possible.

The unexpected presence of a white cat adorns the illustrations of Buca's research. Pulci the cat is his eye-catching muse. Arrows through the cat's body illustrate the quantum mechanical origin of the playful cat's movements--and this is precisely the relationship that Buca is trying to understand by making it possible to calculate the dynamics of the very smallest particles.

The breakthrough has reinvigorated an old and fundamental scientific question: Theoretically, if all behavior in the universe can be calculated by way of the laws of physics, can we then predict everything by calculating its smallest particles?

"Many physics disciplines are ultimately about explaining and predicting the world by understanding the laws of physics and calculating the behavior of the smallest particles. In principle, we would be able to answer any possible question about how all sorts of things behave if we were able to," says Buca of the University of Copenhagen's Niels Bohr Institute.

"In principle, the behavior of everything in the universe can be understood from the microscopic laws that govern particle dynamics," he says, while quickly appealing for caution.

"Of course I can't do that," says the theorist.


																																						
    
     




																																			A theoretical shortcut avoids the devil in the details

The interactions and movements of quantum particles in their systems are so complex, the researcher explains, that even the world's most powerful supercomputer today is only able to perform calculations on a dozen of these particles at a time.

At the same time, a single atom consists of at least two quantum particles, and a single grain of sand of about 50 billion times a billion atoms--not to mention a cat or anything else one would want to understand in our universe.
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"So in practice, it isn't possible. Not currently. However, my theory is a significant step in the right direction. This is because it takes a kind of mathematical shortcut to understanding the dynamics of the whole, without computing power being lost in the details for a broad class of systems with many quantum particles. That is, without the need to calculate all of the individual particles in a system," explains Buca.

The theory has already made a name for itself by providing the first mathematical proof of a long-held hypothesis in theoretical physics.

Up until now, the so-called eigenstate-thermalization hypothesis has been an assumption--an educated guess--in physics that had yet to be explained mathematically. It concerns the ability of mathematics to describe the motions of quantum systems as wholes.

Thus, Buca's theory has already demonstrated its value as basic theoretical research, and accomplished what theorists had long considered impossible. While the results mainly interest the bright minds of physics for now, the consequences could eventually be great for us all.


																																			A compass for the quantum-mechanical treasure map

This knowledge could end up showing the way to sought for quantum materials with properties so unique that they could transform our world.

These quantum materials are a prerequisite for digging our claws into some of the greatest scientific "birds on the bush"--such as stable quantum computers or even superconductors that work at room temperature.

"We are looking for a material for quantum computers that can withstand entropy--a law of nature that causes complex systems--e.g., materials--to decay into less complex forms. Entropy destroys the coherence needed for quantum computers to be stable and keep working," Buca explains.

The exotic math systems that initially inspired him and made his research breakthrough possible may be just what a quantum computer needs to be truly useful.

"The so-called qubits that a quantum computer theoretically works with must be in a state of superposition to function, meaning that they are simultaneously turned on and off--in common phrasing. This requires them to be in a stable quantum state. However, thermodynamics does not like the structures required by the current materials. My theory may be able to inform us whether these exotic systems can be a way of structuring things so this quantum state could be more permanent," says Buca.

The method is a bit like a road map that can guide researchers across a vast landscape of possible materials by allowing for predictions of how these materials would behave under experimental conditions. For the first time, this gives researchers a way to target their search for quantum materials equipped with special properties.

"Until now, the hunt for these materials has been governed by chance. But my results can, for the first time, provide a guiding principle to navigate by when searching for unique properties in materials," says Buca.
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												Berislav Buca, Unified Theory of Local Quantum Many-Body Dynamics: Eigenoperator Thermalization Theorems, Physical Review X (2023). DOI: 10.1103/PhysRevX.13.031013
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                A concept of long-term optical data storage in silicon carbide. The information is written in optically active atomic defects by a focused ion beam (left) and read using the cathodoluminescence or photoluminescence (right). Credit: M. Hollenbach, H. Schultheiss
            
        

    


With the development of the internet, social media and cloud computing, the amount of data created worldwide on a daily basis is sky-rocketing. This calls for new technologies that could provide higher storage densities combined with secure long-term data archiving far beyond the capabilities of traditional data storage devices.



										      
         
        
        
        

      

																																	
An international research team led by the HZDR now proposes a new concept of long-term data storage based on atomic-scale defects in silicon carbide, a semiconducting material. These defects are created by a focused ion beam, providing high spatial resolution, fast writing speed and low energy for storing a single bit. The research is published in the journal Advanced Functional Materials.

Latest estimates assume about 330 million terabytes of new data created each day, with 90% of the world's data generated in the last two years alone. If the sheer numbers already suggest the need of advanced data storage technologies, it is by no means the only problem associated to this development.

"The limited storage time of current storage media requires data migration within several years to avoid any data loss. Besides of being trapped in perpetual data migration procedures, this substantially increases the energy consumption, because a significant amount of energy is consumed in the process," says Dr. Georgy Astakhov from the Institute of Ion Beam Physics and Materials Research at HZDR.

To mitigate this looming crisis, Astakhov's team now introduces a new concept of long-term data storage based on atomic-scale defects in silicon carbide. These defects are inflicted by a focused beam of protons or helium ions and read using luminescence mechanisms associated to the defects.


																																						
    
     




																																			Traditional storage devices throttled by physics

Currently, magnetic memory is the prime choice when it comes to data storage solutions aiming for large capacities, while the laws of physics set the limits to achievable storage densities. To increase them, the size of the magnetic particles must shrink. But then, thermal fluctuations and diffusion processes in the material gain in importance, with deteriorating impact on storage time.

Tuning magnetic properties of the material might suppress this effect, but this comes with a price tag: a higher energy to store information. Similarly, the performance of optical devices is thwarted by the laws of physics as well. Due to the so-called diffraction limit, the smallest recording bit is restricted in size: It cannot get any smaller than half of the light wavelength, setting the limit of the maximum storage capacity. The way out is multi-dimensional optical recording.

Silicone carbide features atomic-scale defects, especially the absence of silicon atoms in the lattice site. The defects are created by a focused proton or helium ion beam, providing high spatial resolution, fast writing speed and low energy for storing a single bit. "The diffraction limit of storage density inherent to optical media applies as well in our case. We overcome it by 4D encoding schemes.

"Here, the three spatial dimensions and an additional fourth intensity dimension are realized by controlling the lateral position and depth as well as the number of defects. Then we optically read out the stored data by means of photoluminescence provoked by optical excitation.

"Furthermore, the areal storage density can be significantly improved using focused electron-beam excitation causing observable cathodoluminescence," Astakhov states.


																																			Storing data for generations

The stored information could be knocked-out of the defects again, depending on environmental conditions in which the medium is kept, but the scientists have good news considering their material. "The temperature-dependent deactivation of these defects suggests a retention time minimum over a few generations under ambient conditions," says Astakhov.

And there is more. With near-infrared laser excitation, modern encoding techniques and multi-layer data storage, namely the stacking of up to 10 silicon carbide layers on top of one another, the team reaches an areal storage density which corresponds to that of Blu-ray disks.

Switching to electron-beam excitation instead of optical excitation for the data read-out, the limit achievable in this manner corresponds to a currently reported record areal storage density of a prototype magnetic tape, which has, however, shorter storage time and higher energy consumption.

For this work, the Rossendorf scientists joined forces with researchers from Julius-Maximilian University Wurzburg (Germany), Jet Propulsion Laboratory, California Institute of Technology (U.S.), National Institutes for Quantum Science and Technology (Japan), and Tohoku University (Japan). The team's conceptual approach is not limited to silicon carbide and can be extended to other materials with optically active defects, including 2D materials.
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        How agroecology can be part of a 'just transition' for Canada's food system
        Problems in Canada's food system are being felt from field to fork--and they are increasingly hard to swallow.

      

      
        How plants heal wounds: Mechanical forces guide direction of cell division
        Plants are made up of very rigid cells. Much like bricks in a wall, this feature gives them the structural support to maintain their shape and to stand upright against gravity. However, just like any living organism, plants can be injured, for instance, by wind or animal grazing. While humans and animals have cells that move with the blood to detect and heal wounds, plants have to evolve a very different mechanism due to their rigidity and immobility.

      

      
        Salmon populations are struggling, bringing economic woes for California's fishing fleet
        On the docks at Pillar Point Harbor, fishing crews have been arriving with loads of freshly caught Dungeness crab.

      

      
        Attack and defense in the microverse: How small RNA molecules regulate viral infections of bacteria
        Viruses need hosts. Whether it's measles, the flu or coronavirus, viral pathogens cannot multiply or infect other organisms without the assistance of their hosts' cellular infrastructure. However, humans are not the only ones affected by viruses: animals, plants and even microorganisms can all serve as hosts.

      

      
        Chinese scientists reveal the spinning mechanism of the silkworm
        Mulberry silk is a natural protein fiber that is light, soft and fine in nature, known as the "second skin of the human body" and "Queen of fibers." China is the origin of the world's sericulture industry.

      

      
        New study paves the way for precision drugs to treat blood cancers
        The Janus kinase 2 (JAK2) protein mediates signaling from several cytokine receptors in the regulation of hematopoiesis and immune responses. Somatic mutations in human JAK2 lead to constitutive activation and cytokine-independent signaling and underlie several hematological malignancies from myeloproliferative neoplasms (MPN) to acute leukemia and lymphomas. JAK2 contains an active kinase domain and an inactive pseudokinase domain. Interestingly, pathogenic mutations mainly occur in the regulato...

      

      
        Hummingbirds are 'on the go' in California: What you'll see and how to attract them
        Whether sipping nectar from flowers and zipping through the air, hummingbirds are a sure sign of spring in California.

      

      
        Turning microalgae into light-controlled, soft bio-microrobots
        Micro/nanorobots, due to their small size, high controllability and precise navigation capabilities have emerged as an important tool to execute biomedical tasks in microenvironments. However, it is still a big challenge to maneuver rigid microrobots in complicated and sinuous narrow spaces (such as blood vessels and intestines) due to their inability to deform.

      

      
        Scientists propose AI framework for mass-manufacturing of stem cells for regenerative medicine
        Some stem cells have a natural ability to divide into more cells and develop into various specialized blood, bone or muscle cells. These pluripotent stem cells offer great promise for new cell treatments and regenerative medicine, researchers say.

      

      
        Shrinking birds change their tune: Birdsong may sound different in a warmer future
        Birds' bodies are changing and so are their songs. Over the last 70 years, birds worldwide have been noticeably shrinking in mass or expanding in wing length.

      

      
        Study shows impacts of invasive species transcend ecosystem boundaries
        Invasive species influence biodiversity across larger spatial extents than previously thought. In a recently published study, researchers from Eawag and the University of Zurich show that the impacts of invasive species extend far beyond the ecosystems they invade and that three mechanisms are primarily responsible for this. These findings are of great importance for the management of ecosystems.

      

      
        Lab experiments show material flowing through cracks can isolate molecules that may reveal early life on Earth
        A team of biophysicists at Ludwig-Maximilians-Universitat Munchen, in Germany, has found via lab experiments that heated material seeping through tiny cracks in hardened material can result in isolation of molecules that could have served as the building blocks for life on Earth.

      

      
        Study finds shy sea anemones are more likely to survive heat waves
        A study by researchers from the University of Gothenburg shows that sea anemones that react more slowly to change can survive a heat wave better than individuals that change their behavior quickly.

      

      
        Researchers reveal assembly of critical molecular machine that removes non-coding information from genes
        One of the most striking features of human genes is that genetic information required to produce proteins is stored in a discontinuous form, wherein the coding information (exons) is punctuated with non-coding segments known as introns.

      

      
        'Force-sensing' protein could better treat diseases that cause seizures
        Researchers from The Australian National University (ANU) have made a discovery about a little understood protein in the human body that could help treat diseases that cause seizures, including epilepsy. The study is published in Nature.

      

      
        Some snakes show signs of self-recognition in olfactory tests
        A trio of psychologists at Wilfrid Laurier University, in Canada, has found evidence that at least one type of snake may have self-recognition. In their study, published in Proceedings of the Royal Society B: Biological Sciences, Troy Freiburger, Noam Miller and Morgan Skinner used the olfactory sense rather than vision to test for self-recognition in two kinds of snakes.

      

      
        Adult fish struggle to bounce back in marine protected areas, study finds
        Age matters when determining how to protect life in the ocean; every population needs a strong cohort of adults to produce the next generation. But many marine protected areas (MPAs) are falling short of their most basic purpose: to rebuild struggling fish populations.

      

      
        Tokyo crowds revel as cherry blossoms reach full bloom
        Tourists and residents packed Tokyo's top cherry blossom spots on Thursday to enjoy the full bloom that has arrived in the Japanese capital later than usual this year because of cold weather.

      

      
        Rising temperatures upend migratory bird habitats in Albania
        Long considered a Garden of Eden for migratory birds, the Vain Lagoon along the northern Albanian coast has been increasingly abandoned by a range of species as rising temperatures wreak havoc on wetlands across the country.

      

      
        An orca calf stranded in a Canadian lagoon will be airlifted out to reunite with pod, rescuers say
        Plans are underway by to airlift a stranded killer whale calf out of a remote tidal lagoon off northern Vancouver Island in an effort to reunite the young orca with its extended family, Canadian authorities said Wednesday.
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Problems in Canada's food system are being felt from field to fork--and they are increasingly hard to swallow.



										      
         
        
        
        

      

																																	
After a year of skyrocketing food costs, Canada's Food Price Report 2024 predicts a further increase of 2.5 to 4.5 percent for grocery store price tags.

One cause for these higher prices--apart from corporate greed--is attributable to more difficult environmental conditions for farmers. Severe weather events, like flooding and drought, as well as extreme temperatures, are making farming livelihoods increasingly precarious.

This is the case in the Prairie provinces, where immense, export-oriented monoculture farming operations are the norm. These industrial farms are intimately connected to the climate crisis. Industrial farms are highly dependent on emissions-intensive--and expensive--inputs like fertilizers and pesticides and face challenges in adapting to changing climate conditions with agility.


																																						
    
     




																																			Agroecology

The National Farmers Union of Canada has been calling for a shift away from industrial agriculture toward more ecologically-centered farming methods with 2015's Nyeleni Declaration on agroecology serving as the primary guideline. Around the world, this approach to farming is often called agroecology.

Agroecology refers to the use of specific farm management practices that recycle nutrients and resources and benefit from interactions between multiple species of crops and animals in the same area. However, because agroecological farming tends to use fewer chemical inputs and does not operate as monocultures, it is often more labor-intensive.

Agroecology differs from other, perhaps more familiar, farming systems like organic or regenerative. It is grassroots in nature and extends beyond farming practices alone by urging practitioners to explore and challenge current food system power relations.

Agroecology emphasizes community-building and advocacy as much as ecological farming systems. Simply put, it is as much a tool for social transformation as it is a set of farming practices, and for transnational agrarian movement La Via Campesina, it is the pathway to food sovereignty.



    
    
    
        
        
    
         
             
         

        Anastasia Fyk of Triple F Farms near Garland, M.B. discusses the challenges, and rewards, of implementing agroecological practices.
  

Farmers and scholars tend to think of agroecology as synonymous with small-scale, diversified farming, invoking pastoral images of lush market gardens with free-roaming hens and mixed orchards on the horizon. With this essentialist view, one would not expect agroecological farms to emerge on the Canadian Prairies, a place where large-scale commodity production is ubiquitous.


																																			In 2016, the average farm size in Saskatchewan was 1,784 acres and farms in this region are getting bigger. At the same time, there are fewer farmers with more mechanized and automated farms.

The financialization of agriculture and the growing cost of land also makes it difficult for first-generation farmers to start farming. These issues further lock-in dominant industrial agriculture practices in the region.

What's more, the average farmer age currently stands at 56, with successors becoming rarer and rarer with each passing year. The end result of all of these factors is a trend towards farm concentration that leaves little room for those who want to farm the Prairies using ecological practices. Under these conditions, one may not expect to find the seeds of agroecology on the Prairies.

However, farmers in our study offer glimpses into their visions for agroecology as they attempt to translate its principles onto the prairie landscape, despite overlapping challenges.


																																						
    
     




																																			Prairie agroecology

Amidst the fields of industrial farms, some farmers are opting to prioritize the ecological well-being of their land through farming practices that conserve water and enhance soil health. In our recent study we interviewed farmers from 19 farms across the Prairies--during the 2021 season--and found that with enough commitment and support from their surrounding community, agroecology can be a viable path forward.

There are struggles, though. Burnout is a serious issue for farmers practicing agroecology. The vastness of the Prairies and the ubiquitous presence of industrial farming can make it difficult for ecological farmers to connect with like-minded folks. Organizations like the Harvest Moon Society in Manitoba offer important exceptions and build supportive networks for ecological farmers on the Prairies.



    
    
    
        
        
    
         
             
         

        Lydia Carpenter of Luna Field Farms in southwestern Manitoba discusses agroecology and the experiences of running an agroecological farm.
  

Bringing more people to the land

Scaling agroecology out across the Prairies would require policies that lower the barriers to entry for new farmers. Additionally, policies must be developed that support and encourage farmers who use ecological farming practices--especially young farmers.

Moreover, fostering a community among ecological farmers is crucial to counter the isolation--and risk of burnout--felt by many farmers embarking on a mission to produce food on the Prairies through ecological methods. More fundamentally, since this approach to farmer is labor-intensive, ecological farming will require more people to help out.

There is a tension between the need to bring more people to the land and the historical role of Canadian agriculture in "clearing the plains" as an act of settler colonialism. Bringing more people to the land should also respond to this historical context.

A just ecological transition must honor "land back" calls prioritizing re-matriating crown lands to Indigenous communities and building accountable relationships between farm-owners and Indigenous communities.

Prairie agroecology can help a just transition

Canada's farming system needs a transition to both mitigate and adapt to the climate crisis. However, a transition to ecological farming on the Prairies is not just a matter of agricultural practice but also of social justice.

Ensuring equitable land access and respecting Indigenous rights and sovereignty are just a few of the key areas of concern that farmers and policymakers alike must reckon with.

Advancing agroecology on the Prairies would mean navigating challenges with land politics, labor, and the legacy of colonialism. These are huge challenges and we feel agroecology can help address them while also building better relationships between people and the land.
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Plants are made up of very rigid cells. Much like bricks in a wall, this feature gives them the structural support to maintain their shape and to stand upright against gravity. However, just like any living organism, plants can be injured, for instance, by wind or animal grazing. While humans and animals have cells that move with the blood to detect and heal wounds, plants have to evolve a very different mechanism due to their rigidity and immobility.



										      
         
        
        
        

      

																																	
A collaborative study by Lukas Hoermayer, the Friml, Benkova, and Heisenberg groups at the Institute of Science and Technology Austria (ISTA), and colleagues now provide new insights into how they manage this.

The scientists injured thale cress (Arabidopsis thaliana) with a laser beam and analyzed the subsequent wound-healing process using microscopy. The results, published in the journal Developmental Cell, offer a precise view of what happens: Upon injury, the tissue immediately remodels itself and triggers cells to divide to close the wound.

Wound healing in plants

Lukas Hoermayer has always been interested in nature. Growing up in the countryside, he spent a lot of time outdoors in the fields or vineyards. But his scientific curiosity about plants developed later on, when he interned at ISTA. "Since then, it has stayed with me," says Hoermayer.

While working on his Ph.D. in Jiri Friml's group, he investigated wound healing in plants, a field of research that has been around for more than a century. Fast forward a few years, and Hoermayer and his colleagues may have cracked the code.

Inside the root, plant cells are under high pressure. When tissue is damaged, cells die. They burst and release pressure, creating a void that must be filled as quickly as possible. Neighboring cells act as first responders, stretching into that gap.


																																						
    
     




																																			"It's like having two balloons that are glued and squeezed together. If one bursts, the other one immediately stretches and deforms towards the ruptured one to balance the pressure," explains Hoermayer. Cells elongate and begin to divide, giving rise to new cells that eventually seal the wound. While cells in the root typically divide only downwards, with gravity, in this scenario, they are able to do so in multiple directions. How come?
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Mechanical forces at the heart of it

Hoermayer and colleagues inhibited certain molecules that were thought to impact this particular division process but observed no change in wound healing.

"To our surprise, the process still worked, regardless of what we did," says Hoermayer. Hence, they shifted the project's focus towards mechanical aspects. To visualize these mechanics, the scientists used a specially designed microscope equipped with a laser. The laser beam injured the plant tissue, and the microscope recorded what happened next.

After analyzing the video material, the researchers discovered that microtubules--dynamic protein structures in the cell that help separate the genetic material during division--react to mechanical changes. When cells are stretched, the microtubules reposition themselves and establish the orientation of cell division, which triggers it.

"Our results suggest that the sheer mechanical forces from the stretching of cells drive cell division in wound healing," says Hoermayer.


																																			Improving agricultural ecosystems

Similar to other recent ISTA publications, this new study demonstrates that tissue development and regeneration can be understood through the principles of mechanics. It also highlights the remarkable efficiency of plants in healing injuries--a power they must possess since they are constantly exposed to the forces of nature. It becomes even more important considering ongoing climate change.

In the wake of the environmental challenges, understanding how plants heal and regenerate wounds holds great promise for advancing agriculture.

"Farmers may consider these details when switching to more resilient crops and robust plants for harsh conditions such as extremely saline or sandy soils," explains Hoermayer. Optimizing and promoting the natural regeneration process also helps make agriculture more sustainable, as moving away from chemicals could reduce agriculture's impact on the environment.
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Salmon populations are struggling, bringing economic woes for California's fishing fleet
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On the docks at Pillar Point Harbor, fishing crews have been arriving with loads of freshly caught Dungeness crab.



										      
         
        
        
        

      

																																	The season is almost over, and this time of year the harbor would typically be bustling with crews preparing their vessels and gear for catching salmon. But this year, those in the fishing fleet of Half Moon Bay--as well as other California marinas--expect to catch very few, if any, of the popular fish.

The season typically runs from May to October, but California Chinook salmon populations have declined so severely in recent years that fishery authorities are considering whether to adopt severe restrictions this season or impose a ban on fishing altogether for the second consecutive year.

For those whose livelihoods revolve around catching salmon, the shutdown has brought hard times and widespread frustration.

"It's devastating. It's absolutely devastating," said commercial fisherman Chris Pedersen. "They're literally killing the salmon fleet."

Pedersen, who is 64 and has been fishing for salmon since he was a boy, turned to other work over the past year to make ends meet. He has fiberglassed boats, delivered meals and built sheds at a horse ranch.

"You've got to do whatever you can to live," he said.

As he prepared to unload the day's catch from a 50-foot boat, Pedersen said that selling crab has brought him income but can't make up for the loss of salmon.

Like other salmon fishers at Pillar Point, Pedersen lays much of the blame on California water managers, who he says send too much water to farms and cities and deprive rivers of the cold flows salmon need to survive. When salmon suffer, he said, "you're robbing us as fishermen."


																																						
    
     




																																			Salmon once thrived in California's rivers, but the construction of dams blocked them from reaching many of the cold mountain streams where they once spawned. For decades, government-run hatcheries have reared and released millions of salmon each year. Those efforts, however, haven't been enough to prevent populations from crashing.

Successive droughts and the effects of global warming also have added to the severe pressures. At times during the 2020-22 drought, the water flowing from dams got so warm that it was lethal for salmon eggs. And because salmon typically feed in the ocean for about three years and then return to their natal streams, the decline in the numbers of surviving juvenile fish during the drought has left low numbers of adult fish.

Seeking to help struggling salmon populations, Gov. Gavin Newsom's administration in January announced plans to expand efforts including restoring habitats, protecting flows in rivers at key times, modernizing hatcheries and removing barriers that block fish migration.

The shutdown of the salmon season last year has taken a major toll not only on the commercial fishing fleet but also on operators of charter fishing boats.

William Smith, who goes by Captain Smitty, said he lost about three-fourths of his charter business because he couldn't take passengers salmon fishing, and also saw losses because of restrictions on the rockfish season.


																																			Smith has turned to the business of burials at sea, taking grieving families to scatter the ashes of loved ones. He has also been promoting whale watching trips.

"Financially, this really has just been a disaster," said Smith, 70. "All of us are struggling to make our minimum payments."

Smith owns a vessel named Riptide, the same boat where he started working as a deckhand in the 1970s. He said he hopes his grandson can one day take over the business and continue fishing for salmon.

Although state estimates show a modest increase in numbers of fall-run Chinook this year compared with last year, fisheries officials say restrictions are necessary because the population is still struggling.

The Pacific Fishery Management Council, a multistate, quasi-federal body that decides on ocean fishing seasons, plans to select one of three potential alternatives at a Friday through April 11 meeting in Seattle. One option would be to ban coastal salmon fishing for another year, while the other two options would bring a limited season restricted to certain dates and harvest limits.

Those with commercial and recreational fishing businesses have varying opinions about which approach would be best. Smith said he and many other charter boat captains would prefer to see the season canceled, rather than shortened, in hopes of helping the population recover and having a full season next year.

"We all want to see the fishery return to a sustainable level," Smith said.


																																						
    
     




																																			He said he believes a rebound is possible but that it will require changes in how state and federal officials manage flows in rivers.

"The vast majority of the problem is due to water mismanagement," Smith said. "If the water was managed more correctly, then we would not be facing this crisis."

Smith and other fishermen say they're concerned that the way officials managed water releases from dams during the drought failed to provide the cold water salmon needed. They also argue the state has been allowing excessively large amounts of water to be pumped from the Sacramento-San Joaquin River Delta to supply agriculture, irrigating vast acreages of almonds, rice, tomatoes and other crops.

"We just need to rein in the abuse of water and grow crops that are not so water intensive," said Duane Winter, a charter boat captain who has lost most of his business because of the shutdown.

"The problem is, fish don't pay for water, and everybody else does. And so fish don't get a fair shake," Winter said.

With his 37-foot boat tied up at the dock for most of last year, Winter turned to part-time work at a machine shop to help cover his expenses. Without that side job, Winter said, he would have had to put up his boat for sale by now.

Others in Half Moon Bay have their boats on the market, and prices have fallen.

Winter said the lack of fishing income combined with the state's tightening air-quality standards for engine exhaust could drive him out of business.


																																			"I may not be fishing next year," Winter said. "It's hard to be optimistic with the way things are going."

Winter stood on the deck of his boat, named Mooch Better, where he had laid out tools to replace engine parts.

He noted that many factors have harmed the Chinook, such as non-native striped bass that feed on young salmon passing through the delta, and algae blooms that at times starve the water of oxygen.

If the state doesn't make changes to ensure more water for fish, Winter said, "it's going to continue down this road to destruction."

California's fishing industry depends on fall-run Chinook, which migrate upstream as adults from July through December. Some fish return to the hatcheries where they were released, while others spawn along tributaries of the Sacramento, San Joaquin and Klamath rivers.

Salmon are also central to the cultures of Native tribes, whose leaders canceled subsistence fishing last year.

Other salmon runs have declined to a point that they are at risk of extinction. Spring-run Chinook are listed as threatened under the Endangered Species Act; winter-run Chinook are endangered.

State fisheries officials say while it's a difficult period for fall-run Chinook, there are some encouraging signs, including an uptick in the projected numbers of fish along the coast.

"There is a glimmer of good news," said Chuck Bonham, director of the California Department of Fish and Wildlife. "The numbers we're seeing right now look a little bit better than last year. And that is great. But they're still low enough, we need to be really cautious and think about the long term."


																																						
    
     




																																			The limited options that are being considered for the upcoming salmon season, he said, are intended to give the fish a chance to rebound through this "sensitive period."

In an interview with The Times, Bonham said a combination of factors have contributed to the low salmon numbers, including the latest severe drought, the lack of natural floodplains available to fish, the lack of access to cold, clean waters, and some of the state's water management decisions.

"Water management is absolutely one of the central issues," Bonham said. "Those fish need cold, clean water in the right places at the right time of the year to thrive."

He said that's why the Newsom administration's salmon strategy includes detailed plans for protecting flows and water quality in key rivers to support fish.

In all, the state's plan calls for prioritizing 71 actions to help restore salmon populations to healthier levels. The efforts include restoring wetlands to create more habitat along the Sacramento River, and cooperating with the Winnemem Wintu Tribe to reintroduce salmon upstream of Shasta Dam.

State and federal scientists have also been trying to address a deficiency of thiamine that is harming salmon. The deficiency has been linked to changes in the ocean ecosystem, where salmon have been feeding on more anchovies. In response, officials have been treating water in hatcheries and injecting thiamine into salmon eggs to help fish survive.

On the Klamath River, the largest dam removal project in history is underway, and state officials tout the effort as one of various steps to remove barriers and "modernize infrastructure" for salmon migration.


																																			Bonham said state officials are working with "a lot of urgency" on a three-year timeline.

"We're going to have to do all the above," he said. "We have got to pull out all the stops."

He noted that California has lost about 90% of the wetlands that once existed, leaving fish with a "highly engineered world" of rivers disconnected from floodplains that traditionally provided rich habitats. On top of that, climate change is bringing more extreme heat and more intense swings from wet periods to droughts.

The existing statistical models that have been used to make decisions about salmon rely on past data and "aren't prepared to deal with climate disruption," Bonham said, which demands new approaches. The Department of Fish and Wildlife has also started reviewing how to improve hatchery operations.

With these steps, Bonham said, the state "has a chance to change the trajectory."

And that could be helped by the last two wet winters, he said, which filled rivers with abundant flows and brought better conditions for fish. In the past, wet years have brought increases in salmon populations three years later.

He said there are other signs that are cause for optimism, including increased numbers of salmon coming back to the San Joaquin River and other creeks.

"Hope is very much alive for salmon in California," Bonham said. "We think they can not only hang on in the state but thrive, and get back to healthy numbers each year, where people can enjoy them."


																																						
    
     




																																			The Golden State Salmon Assn., which represents fishing communities, praised many of the initiatives in the state's plan, but said it doesn't do nearly enough to ensure sufficient water in rivers for fish.

"We're missing the big picture, and the big picture is the flows and the temperature to save fish," said Scott Artis, the association's executive director. "California's water policies really are just one devastating blow after the other for thousands of families that rely on salmon."

Last year's shutdown has affected not only commercial and recreational fishers but also related businesses, including shops that sell bait and tackle. Whether this year brings another closure or a restricted season, Artis said, it's going to mean more economic impacts for people who depend on fishing.

Although the federal government has announced $20.6 million in disaster relief funds for California fishing communities affected by the shutdown, the assistance turned out to be much less than the $45 million the state requested. And the funds have yet to be distributed.

If fishing is allowed this year, Pedersen said he will haul in as many salmon as is permitted. But he worries that a limited window of dates could lead to fishing in windy, rough weather, making for dangerous conditions.

Whatever happens, he is making plans to supplement his income by traveling to Oregon and Washington this summer to fish for albacore tuna.

Pedersen said he still loves fishing and wouldn't trade it for any other line of work. But as he chatted with another fisherman, he said those who sold their boats a couple of years ago got out just in time.

"The rest of us are still hanging on by a thread that's breaking severely," he said.

"I think the future is bleak. I'm hoping I get to fish until I die," he said. "That's my whole goal, my whole life."
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Viruses need hosts. Whether it's measles, the flu or coronavirus, viral pathogens cannot multiply or infect other organisms without the assistance of their hosts' cellular infrastructure. However, humans are not the only ones affected by viruses: animals, plants and even microorganisms can all serve as hosts.



										      
         
        
        
        

      

																																	
Viruses that use bacteria as host cells are called bacteriophages (or simply "phages" for short) and are thought to be the most abundant biological entities of all. Just as the human immune system springs into action to resist a flu or coronavirus infection, bacteria do not simply allow phages to infiltrate their cellular machinery without a fight.

A research team at the University of Jena and its Cluster of Excellence "Balance of the Microverse" has examined in detail the complex interaction of attack and defense strategies when cholera-causing bacteria (Vibrio cholerae) are infected with a bacteriophage known as VP882--and discovered that tiny RNA molecules play a decisive role. The researchers' findings have been published in the latest issue of the journal Cell Host & Microbe.

From harmless housemate to cunning kidnapper

There are two ways in which phages can multiply after infecting bacteria: either as invisible passengers, hidden in the bacteria's genetic material, or as cunning kidnappers, multiplying in vast numbers in bacterial cells without regard for potential losses and, ultimately, destroying the cells. Which method a phage adopts depends on whether sufficient numbers of other host cells are available in the immediate environment to provide shelter.


																																						
    
     




																																			But how do phages determine this? "They rely on a chemical counting mechanism that bacteria use to identify other members of their species," explains Prof. Dr. Kai Papenfort of the University of Jena, who headed up the project.

Known as "quorum sensing," this method uses signal molecules that are produced by bacteria and released into their surroundings. At the same time, the bacteria monitor the concentration of these molecules using specific receptors, thereby gaining information about the size of their current population.

"The phages' trick essentially involves 'listening in' to this chemical communication between bacteria," says Papenfort.
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In their experiments, the Jena researchers examined what happens to the phages and bacteria once the bacteria emit their quorum sensing signals. "We have observed that 99% of bacteria are destroyed within 60 minutes, in which time the phages take control," reports Dr. Marcel Sprenger, the lead author of the article.

The team discovered that this switchover is controlled by tiny RNA molecules, one of which is called "VpdS" (VP882 phage-derived sRNA). "As soon as the phages receive the chemical signal from the bacteria, this RNA is produced in high quantities," says Sprenger.

How bacteria fight back against viruses

In order to find out precisely which genes are regulated by VpdS, the team adopted a comprehensive, technological approach and infected bacteria cultures with both VP882 phages and genetically modified phages unable to produce VpdS.


																																			Applying a method known as "RNA interaction by ligation and sequencing," the researchers were able to identify the interactions between all RNA molecules in the bacteria cultures at different times. "This not only gave us insights into which genes are active, it also showed how they interact," says Papenfort.

This method enabled the researchers to examine the genes of the phages as well as those of the host bacteria. As a result, the researchers gained extensive insights into the changes that occurred both during and after quorum sensing. "We were able to demonstrate that VpdS regulates phage genes as well as genes of the host, which effectively explains the destruction of bacterial cells," says Papenfort.

However, the researchers have been able to deduce further relationships from the data they collected. For example, bacteria also have genes that, when activated by a chemical signal, fight back against the phages' propagation and thereby counteract their own destruction.

According to Papenfort, this aspect is particularly interesting. "We can see these as the precursors to the immune systems in higher organisms. Bacteria have many genes that protect them against viruses." Given that these genes are also present in higher organisms, the researchers surmise that RNA molecules could also play an important role in their regulation.
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Chinese scientists reveal the spinning mechanism of the silkworm
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                A schematic diagram of the mechanism by which the silkworm delicately utilizes metal ions and pH gradients to program NSF self-assembly for silk spinning. Credit: Science China Press
            
        

    


Mulberry silk is a natural protein fiber that is light, soft and fine in nature, known as the "second skin of the human body" and "Queen of fibers." China is the origin of the world's sericulture industry.



										      
         
        
        
        

      

																																	
The earliest use of silk can be traced back to the Jiahu ruins about 8,500 years ago. The world-famous Silk Road opened up the first large-scale exchanges and integration of Eastern and Western civilizations in human history. China is the world's leading silk producer, both in terms of scale and output are among the world's leading.

Silk is a protein fiber with excellent mechanical properties produced by the silkworm with water-soluble silk protein as the raw material at room temperature and under normal pressure. Silk is the core of scientific research on sericulture.

For more than a century, researchers have been dedicated to resolving the spinning mechanism of silk-secreting animals such as the silkworm and spider, hoping to create artificial fibers with properties comparable to or even superior to natural silk by bionic synthesis for textile, biomedicine, military and other fields.

At present, scientists have proposed two models, "liquid crystal" and "micelle" spinning models. The former suggests that the spinning dope is a liquid crystal composed of rod-like structures formed by aggregates of globular fibroin protein, while the latter suggests that the spinning dope is a micelle formed by aggregates of amphiphilic fibroin protein.

Due to the lack of the fine structure of natural silk fibroin (NSF) in the silk gland lumen of the silkworm, the models are still highly controversial. How silkworms spin silk with excellent properties, i.e., the spinning mechanism of the silkworm, has become one of the most pressing scientific issues in sericulture science for more than 100 years.


																																						
    
     




																																			"In the silk gland lumen of the silkworm, NSF usually remains stable at concentrations of 15%-30% (w/v) without aggregation and precipitation," explained Prof. Huawei He, in the integrative science center of germplasm creation in western China (Chongqing) science city/biological science research center (SWU), who led the research.

"However, once purified, NSF quickly aggregates and forms precipitates. Therefore, most studies have used regenerated silk fibroin (RSF) rather than NSF. How to keep NSF stable in vitro, is the primary challenge in deciphering the spinning mechanism of the silkworm."

In the recent study published in Science Bulletin, they found that only amphipol and digitonin can keep NSF stable in vitro for a long term after 4 years of dissection more than 20,000 silkworm larvae and screening more than 1,000 compounds and 5,000 combinations of compounds. Then, the team systematically investigated the morphology, structure and assembly of NSF in the silk gland lumen of the silkworm.

Notably, they found that metal ions reversibly induced NSF to form flexible nanofibrils with a sedimentation coefficient of 5.8 S and a diameter of about 4 nm, instead of micelles or aggregates proposed in previous spinning models. NSF nanofibrils are mainly composed of random coils.

The successive pH decrease from the posterior silk gland (PSG) to the anterior silk gland (ASG) resulted in a gradual increase in NSF hydrophobicity, thus inducing the separation of water molecules from NSF, and the sol-gelation transition of NSF nanofibrils, which increased the concentration of NSF spinning dope thereby promoting silk fiber formation. Inspired by the discovery of graphene, they established the metal shadowing assay to determine the molecular orientation of NSF nanofibrils in situ.


																																			Their study showed that NSF nanofibrils were randomly dispersed as isotropic nanofibrils within the lumen from PSG to ASG-1, and self-assembled into highly ordered herringbone patterns at ASG-2 near the spinneret, which are further packed together to form the anisotropic spinning dope with obvious birefringence ready for silkworm spinning.

"Our findings discovered two landmark events in the silk gland during silkworm spinning, namely, the formation of NSF nanofibrils and the self-assembly of NSF nanofibrils into highly-ordered herringbone pattern architectures programmed by pH gradient and metal ions," said Prof. He.

"Good molecular pre-alignment of NSFs contributes significantly to the toughness of silk fiber. Unlike the alignment formed by post-spinning stretching in artificial spinning, this pre-formed highly ordered molecular alignment may well explain the higher toughness of natural silk compared to that of artificial silk.

"An organized herringbone structure can effectively bear high elongation without sacrificing strength, implying that the herringbone patterns self-assembled by NSF nanofibrils may be crucial to the toughness of silk fiber. The pre-alignment of NSF nanofibrils in silkworm spinning represents a novel strategy for the fabrication of superfibers with higher strength, toughness and stiffness."



																																																					
																				
																						More information:
												Kai Song et al, Decoding silkworm spinning programmed by pH and metal ions, Science Bulletin (2023). DOI: 10.1016/j.scib.2023.12.050
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New study paves the way for precision drugs to treat blood cancers

										

    
        
            [image: New study paves the way for precision drugs to treat blood cancers]
             
                Receptor dimerization is assayed by fluorescence microscopy at Tampere Imaging Facility. Credit: Antti Kurttila
            
        

    


The Janus kinase 2 (JAK2) protein mediates signaling from several cytokine receptors in the regulation of hematopoiesis and immune responses. Somatic mutations in human JAK2 lead to constitutive activation and cytokine-independent signaling and underlie several hematological malignancies from myeloproliferative neoplasms (MPN) to acute leukemia and lymphomas. JAK2 contains an active kinase domain and an inactive pseudokinase domain. Interestingly, pathogenic mutations mainly occur in the regulatory pseudokinase domain.



										      
         
        
        
        

      

																																	
Due to its critical pathogenic role, JAK2 has become an important therapeutic target. The four currently approved JAK2 inhibitors relieve symptoms but do not heal the patient or affect survival. These drugs target the highly conserved kinase domain and affect both normal and mutated JAK2 and, due to side effects, carry a black box warning that limits their use in elderly, cardiac and cancer patients. The selective inhibition of pathogenic JAK2 is a key pending goal in drug discovery that requires a precise mechanistic understanding of the regulation of JAK2 activation.

"To understand the molecular and structural basis of the physiological and pathogenic activation of JAK2, we used single-molecule microscopy and erythropoietin receptor (EpoR) as a model system.

"In contrast to several previous studies, we showed that the JAK2-EpoR complex is not a preformed dimer. Instead, JAK2 activation proceeds via the ligand-induced dimerization of EpoR monomers," says Academy Research Fellow Teemu Haikarainen from Tampere University.

JAK2-EpoR dimerization is a common mechanism for normal and pathogenic activation by JAK2 mutations. Importantly, the new study discovered that all major JAK2 mutation types--exon 12 (causing polycythemia vera), V617F (80% of all three types of MPN), and exon 16 (acute lymphoid leukemia)--utilize pseudokinase domain-mediated JAK2 dimerization as a mechanism for pathogenic activation.


																																						
    
     




																																			The more detailed analysis of the pathogenic activation mechanisms was achieved by a combination of X-ray crystallography, molecular dynamic simulations and AI-guided modeling. The analyses revealed different pseudokinase dimerization interfaces for the pathogenic mutants and provided an explanation for their distinct activation mechanisms.

Furthermore, the studies indicated that the single amino-acid mutations in the pseudokinase domain cause different conformations in full-length JAK2 that may explain their differing clinical presentations.

"The results significantly extend our understanding of normal and pathogenic JAK2 activation. This project started 30 years ago when we cloned the JAK2 gene and showed its function in cytokine signaling. Our subsequent studies have focused on the pseudokinase domain and discovered its regulatory function in cytokine signaling, and importantly, demonstrated the pseudokinase domain as a valid drug target.

"We believe that the novel structural insights on the molecular changes in mutation driven JAK2 hyperactivation open now new possibilities in the selective targeting of the pseudokinase domain and pathogenic JAK2 signaling in different disease entities," says Professor Olli Silvennoinen from Tampere University.

The research article was published in Science Advances, "Molecular basis of JAK2 activation in erythropoietin receptor and pathogenic JAK2 signaling," and authored by Bobin George Abraham, Teemu Haikarainen, Joni Vuorio, Mykhailo Girych, Anniina T. Virtanen, Antti Kurttila, Christos Karathanasis, Mike Heilemann, Vivek Sharma, Ilpo Vattulainen and Olli Silvennoinen.



																																																					
																				
																						More information:
												Bobin George Abraham et al, Molecular basis of JAK2 activation in erythropoietin receptor and pathogenic JAK2 signaling, Science Advances (2024). DOI: 10.1126/sciadv.adl2097
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Whether sipping nectar from flowers and zipping through the air, hummingbirds are a sure sign of spring in California.



										      
         
        
        
        

      

																																	The itty-bitty birds are busy breeding and building nests, which means there are plenty of opportunities to view them in action.

"They're very entertaining to watch," said Andrea Jones, senior director of conservation at Audubon California. "They're just on the go all the time. I think that's the funnest part--just watching them whizzing around."

Of the 16 species of hummingbirds listed in the National Audubon Society's Guide to North American Birds, six can be spotted in California, Jones said.

"Depending on the species, you'll always pretty much find a hummingbird somewhere except for high in the Sierra," she said.

Here are the kinds of hummingbirds you might see in the Golden State, how to identify them and how to attract them:

Which hummingbird species can I see in California?

If you see a colorful hummingbird darting through your garden, experts say, there's a good chance it's an Anna's hummingbird.

"Anna's is the most common hummingbird to see in California with the biggest range," Jones said. "They've really done a good job of taking advantage of backyard habitats. They're a lot more adaptable because of that."

Male Anna's hummingbirds are easily identifiable thanks to their "iridescent emerald feathers and sparkling rose-pink throats," according to the Cornell Lab of Ornithology's All About Birds site.

As with most bird species, male hummingbirds tend to be flashier and easier to spot than females.


																																						
    
     




																																			You might also recognize Anna's hummingbirds due to the distinctive noises they make, including a song that sounds like a series of buzzes, whistles and chip notes.

"In their thrilling courtship displays, males climb up to 130 feet into the air and then swoop to the ground with a curious burst of noise that they produce through their tail feathers," the Cornell Lab said.

Torrey Gage-Tomlinson, program director for Morro Coast Audubon, described the sound as a "cross between a bird chirp and a referee whistle."

The Allen's hummingbird can also be spotted year-round in California, mostly on the coast.

Male Allen's hummingbirds have brilliant reddish-orange throats, orange bellies and green backs.

These birds also make elaborate moves to attract mates, the Cornell Lab said, "swinging in pendulous arcs before climbing high into the sky and diving back down ..."
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Visually, Allen's hummingbirds share some similarities with rufous hummingbirds, which are rusty orange all over.

In the spring, rufous hummingbirds migrate through California on their way to their breeding grounds in the Pacific Northwest, British Columbia and southern Alaska. They swing back through the Golden State in the fall before wintering in Mexico.

You're more likely to spot a black-chinned hummingbird or Costa's hummingbird in desert areas.

Male black-chinned hummingbirds have black heads with shimmering strips of purple at the chin, the Cornell Lab said, while male Costa's hummingbirds boast iridescent purple throat feathers that jut out like "an overgrown mustache."

If you're lucky, you might spot a migrating calliope hummingbird, the smallest bird in the United States. Male birds sport rays of magenta feathers on their throats.

"This tiny little thing goes into Central Mexico and then goes all the way into Canada," Jones said. "They're considered long-distance migrants."


																																			What are hummingbirds doing now?

Hummingbirds spend the first part of spring looking for mates and nesting materials--and establishing their territories, Gage-Tomlinson said.

"This is really the peak season for observing hummingbirds," he said, because they're so active.

They'll next start laying eggs and raising young, which happens in April and May.

Around May or June, the young hummingbirds will leave the nest, he explained.

In late summer, fall and winter, hummingbirds spend most of their time flitting from flower to flower as they feed.

"They're very important pollinators," Gage-Tomlinson said.

How can I attract hummingbirds to my garden or backyard?

Planting native plants is the best way to bring hummingbirds to your garden or backyard, experts say.

To find out which plants grow best in your area, check out the National Audubon Society's Plants for Birds database. Type in your five-digit ZIP code and you'll get a list of native flowers, grasses, shrubs and trees and the birds they attract.

In Northern California, the Audubon Society suggests planting species such as California figwort, scarlet monkey flower and white-leaf bush lupine to attract hummingbirds.

Suggestions for Central Valley residents include bladder-pod beeplant and cobwebby thistle, while Central Coast options include black sage, crimson columbine and chalk live-forever succulents.

Folks with limited outdoor space can hang up hummingbird feeders filled with a sugar-water solution, Jones said.

"My biggest suggestion is to not use food dye" because it's bad for birds, she said. "There's no need to introduce chemicals into their little tiny systems."

You'll want to clean your feeders regularly because they tend to get moldy, she said.

How else can I help birds?

Although you're unlikely to stumble upon a hummingbird nest by chance--"They're absolutely tiny," Jones said--you may notice nesting birds' behavior.

"If you start to see a bird going back and forth" from a particular spot, Jones said, "You need to stay away from it as much as possible. They're very susceptible to disturbance."

You should also keep pets away--especially your feline friends.

"The best option for cats and for birds is to keep the cats inside," Jones said. "They do a lot of damage to bird populations."

You can also help hummingbirds by providing them with clean drinking water, Jones said.

"You don't have to create a fancy fountain--just a low bucket with some rocks and water in it," she explained.


																																																					
																					
																															 
												  2024 The Sacramento Bee. Distributed by Tribune Content Agency, LLC.
											 

										                                        
										
										
											 
												Citation:
												Hummingbirds are 'on the go' in California: What you'll see and how to attract them (2024, April 4)
												retrieved 4 April 2024
												from https://phys.org/news/2024-04-hummingbirds-california-youll.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/2024-04-hummingbirds-california-youll.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Turning microalgae into light-controlled, soft bio-microrobots
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                Fig. 1. Schematic illustration of EG structure and multifunctional applications of Ebots. (I) Eyespot structure and phototaxis behavior of EG. (II) Phototaxis and deformation of EG cell. (III-V) Schematic illustration of Ebot for (III) targeted drug delivery, (IV) selective removal of diseased cells in intestinal mucosa and (V) PDT. Credit: Light: Science & Applications (2024). DOI: 10.1038/s41377-024-01405-5
            
        

    


Micro/nanorobots, due to their small size, high controllability and precise navigation capabilities have emerged as an important tool to execute biomedical tasks in microenvironments. However, it is still a big challenge to maneuver rigid microrobots in complicated and sinuous narrow spaces (such as blood vessels and intestines) due to their inability to deform.



										      
         
        
        
        

      

																																	
Developing highly controllable, deformable and environmentally adaptable soft microrobots is thus crucial for multiple task execution in narrow microenvironments, but selecting highly biocompatible materials to construct these microrobots remains problematic.

In a new paper published in Light: Science & Applications, a team of scientists led by Professor Hongbao Xin from Guangdong Provincial Key Laboratory of Nanophotonic Manipulation, Institute of Nanophotonics, Jinan University, China, have developed a smart strategy to transform a microalga (Euglena gracilis, widely found in nature) into a soft bio-microrobot (Ebot) controlled with blue LED light.

This microalga has good biocompatibility and environmental adaptability, can move freely and can deform in natural living states, but without controllability.

The photoreceptor at the back of the eyespot is extremely sensitive to blue light. Therefore, the researchers used a blue LED light with a center wavelength of 450 nm to control the Euglena gracilis. With different light intensity and irradiation duration, they find that the flagellar beating patterns and epidermal transverse mode sliding can be controlled by activating the light-sensitive photoreceptor and calcium ion channels.


																																						
    
     




																																			The Euglena gracilis then becomes a light-controlled soft bio-microrobot (Ebot) with the capability of precision navigation and controllable deformation (Figure 1, left). This light-controlled navigation and deformation allows the Ebot to easily pass through narrow and curved microchannels.



    
    
    
        
        
    
            
            Comparison of Ebot's precise navigation and controllable deformation with and without light. Credit: Light: Science & Applications (2024). DOI: 10.1038/s41377-024-01405-5
  

The feature of deformability and high adaptability to different environments allows the Ebot to perform different biomedical tasks in narrow and changeable microenvironments such as complex microfluidic channels and intestinal mucosa. They have successfully demonstrated the task execution capability of targeted drug delivery and selective removal of diseased cells in intestinal mucosa (Figure 1, right).

More importantly, since Euglena gracilis is rich in chlorophyll, the Ebot can perform photosynthesis to produce oxygen under light irradiation. While chlorophyll can be reduced to chlorophyll derivatives, by using a natural photosensitizer under light irradiation at a wavelength of 670 nm, the Ebot can be induced to perform precise photodynamic therapy on cancer cells in target areas.

This light-controlled soft microrobot provides a new bio-microrobotic tool that can execute multiple tasks, and will open a new avenue for future microrobotics in biomedical applications within complicated and sinuous narrow microenvironments.

Compared with conventional microrobots with chemical synthetic materials, there are many advantages of this microalga-based Ebot.

The researchers state, "First, without any chemical synthetic materials, the fabrication and control of this Ebot is very easy, and we can control the Ebot (either a single Ebot or multiple Ebots) simply with the irradiation of a blue light LED with different light intensity and duration.

"Second, this Ebot holds the feature of deformation, which enables it pass through complex and narrow biological microenvironments."

"Due to the photosynthesis of the microalga and the rich content of chlorophyll, the Ebot can be used as a natural photodynamic therapy tool," they added.



																																																					
																				
																						More information:
												Jianyun Xiong et al, Light-controlled soft bio-microrobot, Light: Science & Applications (2024). DOI: 10.1038/s41377-024-01405-5
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Scientists propose AI framework for mass-manufacturing of stem cells for regenerative medicine
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                An illustration of the proposed Bio-SoS for iPSC aggregate culture (Created with BioRender.com). Credit: Communications Biology (2024). DOI: 10.1038/s42003-023-05653-w
            
        

    


Some stem cells have a natural ability to divide into more cells and develop into various specialized blood, bone or muscle cells. These pluripotent stem cells offer great promise for new cell treatments and regenerative medicine, researchers say.



										      
         
        
        
        

      

																																	
A new study by a group of Northeastern University scientists shows that artificial intelligence can be used for the large-scale manufacturing of pluripotent stem cells, which could be used in the treatment of cancer, Alzheimer's or Parkinson's, to repair spinal cords or counteract aging.

The researchers say their innovative modular framework, Biological System-of-Systems, sets the fundamental stage for understanding and predicting successful cell cultivation.

"It is a frontier," says Wei Xie, assistant professor of mechanical and industrial engineering, who was the primary investigator for the research. "Northeastern has started to take the lead on new generation bio-drug manufacturing and automation."

Xie and her co-authors recently published two papers that propose models that will help understand and predict the fundamental mechanisms happening in a singular cell (published in Biotechnology and Bioengineering) and in a cluster of cells (published in Communications Biology) to achieve successful cultivation of healthy human induced pluripotent stem cells, or iPSCs, at scale.


																																						
    
     




																																			There are different types of stem cells, including embryonic stem cells found in the early stages of embryo development; adult stem cells that can replace damaged cells; and so-called induced pluripotent stem cells, produced in the laboratory from adult stem cells made to behave like embryonic stem cells.

Because of their regenerative capabilities and potential to transform into any cell type in the body, iPSCs have a huge potential market to support various treatment and research applications, Xie says. They could be used for regenerative medicine and cell therapies to counteract global population aging, diseases such as cancer, Alzheimer's or Parkinson's, or to repair spinal cord and other injuries. Clinical trials of new drugs, she says, will also need a large stem cell supply of high quality.

That is why researchers and industry collaborators are already thinking about large-scale iPSC manufacturing and automation, Xie says.

"Manufacturing of the future involves complex cyber-physical systems [which seamlessly integrates computation and physical components and connects them to the Internet and to each other]," Xie says. "It should be fast, flexible and robust so that if iPSCs need to be differentiated to a different cell type, it doesn't take a lot of [additional] expensive experiments and a lot of time."


																																			AI and machine learning can help that, she says.
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                Wei Xie, assistant professor of mechanical and industrial engineering, focused at first on understanding cellular metabolisms, or life-sustaining biological, physical and chemical processes in a single stem cell. Credit: Matthew Modoono/Northeastern University
            
        

    



Xie and her research team focused at first on understanding the basics--cellular metabolisms, or life-sustaining biological, physical and chemical processes and their interaction, in a single human iPSC.

"A cell is a very complex system," Xie says.

Each cell is composed of a complex metabolic and gene network; ribonucleic acid, or RNA, essential for most biological functions; proteins and so on. This system behaves differently in different conditions. That affects a cell's intake of nutrition, for example, and eventually impacts the quality of the cells produced.

To learn the optimal critical parameters for growing an iPSC in a laboratory, the scientists developed a model that can predict cell response to changes in the environment and help control the cultivation process. The framework uses both mechanistic models built on existing knowledge of natural sciences and interpretable AI.

With the help of the model, scientists can select the best cell culture conditions and improve productivity, while ensuring the quality of the cell product.

The first model describes and learns from growing one layer of stem cells in a laboratory dish, Xie says, in a consistent environment.

"This means that we more like closed the gap for the first stage," Xie says.

To support large-scale manufacturing, the scientists use suspension bioreactors, or vessels that sustain a biologically active environment, to grow more complex three-dimensional iPSC clusters, or aggregates, similar to the way stem cells grow during pregnancy. Bioreactors provide a controlled environment through regulation of factors such as temperature, oxygen concentration, nutrient supply and agitation rate.


																																						
    
     




																																			Cells grow rapidly and interact with each other in the bioreactor on three levels: metabolic reactions within cells, diffusion of nutrients and other molecular substances necessary for metabolism through the cell aggregates (cell-to-cell interaction), and aggregates interactions with the fluid around them.

It is challenging to grow larger aggregates of healthy uniform cells, she says. Cells located at the core of the aggregate receive less nutrition and oxygen while being affected by extra metabolic waste buildup.

To take into account every aspect of the complicated cultivation process, Xie and her research team proposed an innovative biological system-of-systems framework, or Bio-SoS. The Bio-SoS model has a modular design, allowing it to consider each level of cell interactions, combine data from different cell growing strategies and improve predictions.

Xie's group validated each model individually with experimental data from existing literature on iPSCs multiplication. Then they validated the integrated Bio-SoS model both for single layer culture and aggregate cultures.

But there are other complex factors such as gene expression, Xie says, when a gene is "turned on" to produce the specific biological molecule encoded by that gene, or protein expression. That also needed to be taken into account to develop a working iPSC manufacturing process with the optimal strategy. This is why interpretive AI was integrated into the framework--to process and extrapolate existing limited data to answer critical questions.

Interpretive AI allows scientists to understand the reasoning behind outcome predictions and decisions made by the model. In the future, when there is better understanding of the processes within one cell and cell interaction, and more data becomes available from other experiments and sources, Xie says, the Bio-SoS model can learn, expand and become better.



																																																					
																				
																						More information:
												Keqi Wang et al, Metabolic regulatory network kinetic modeling with multiple isotopic tracers for iPSCs, Biotechnology and Bioengineering (2023). DOI: 10.1002/bit.28609

Hua Zheng et al, Stochastic biological system-of-systems modelling for iPSC culture, Communications Biology (2024). DOI: 10.1038/s42003-023-05653-w
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Birds' bodies are changing and so are their songs. Over the last 70 years, birds worldwide have been noticeably shrinking in mass or expanding in wing length.



										      
         
        
        
        

      

																																	
Many scientists believe this to be a response to climate change. The changes increase birds' surface area to volume ratio, which allows heat to be released faster from their bodies.

But it also impacts how the birds communicate, including the very chirp of their songs.

Honey, we've shrunk the birds

Eleanor Hay recently completed her Ph.D. in trait evolution at Monash University's School of Biological Sciences. She's also a talented artist, illustrating many of the species she studies.

Ellie says we've known that many animals, including birds, have been universally getting smaller for a while now.

And small birds seem to be getting smaller faster.

"It's a trend that's been emerging in literature for a number of years," says Ellie.

"They've compared morphological traits of museum specimens over time and found many species are getting smaller.

"It means they're able to handle the heat better."


																																						
    
     




																																			In her study of 163 honeyeater species, published on the pre-print server bioRxiv Ellie found that body size was the strongest predictor for changes in their songs.

Some of the species investigated include well-known WA locals like the noisy miner, New Holland honeyeater and white-naped honeyeater.

"Body size directly impacts the size of the vocal tract," says Ellie.

"And the sound-producing organs such as the syrinx.

"[Size] places a limit on the lowest frequency sound that a bird can produce."

Bigger vocal organs can vibrate at lower frequencies, producing lower-pitched sounds. Smaller, tighter surfaces vibrate more rapidly.

"We found that smaller birds produce higher-pitched songs," says Ellie.

Another factor that influences birds' song is the shape of their beak.

Birds with larger beaks are known to sing at a slower pace.

Ellie says environmental changes can have an evolutionary effect on beak shape, but the relationship is complex. Beaks are important for thermoregulation, so the shape can be influenced by external temperatures.


																																			But beaks are also shaped by dietary choices, food availability and habitat complexity, which are, in turn, affected by environmental changes.

How quickly beaks change depends on how strong the various selection pressures are as well as how genetically diverse the population is to begin with.

Climate change can affect song-related behaviors too.

Associate Professor Mandy Ridley and Research Associate Mylene Dutour are from UWA's School of Biological Sciences. They recently co-authored an international study on the behavior of the great tit, a common songbird.

The study found that, in response to danger, the birds called out to each other less intensely and at lower volumes when temperatures were high.

"Great tits' survival is intertwined with their ability to communicate and respond to danger."

Drier conditions can also alter how birdsong is heard.

Songs travel further in moist air than in dry air.

A simulation of prairie environments in America found that many birds would not be able to effectively communicate with their neighbors in climate change-induced drought conditions.

This was especially the case for birds that live in large territories and sing at higher frequencies.

This is because high-frequency sounds can't bend easily around objects and dissipate more quickly than low-frequency sounds.

The researchers suggest increasing aridity would therefore favor a shift towards lower-frequency songs. But these might be difficult to achieve as birds' bodies--and vocal organs--get smaller.

Changes in birdsong could potentially affect birds' abilities to find mates, defend their territories and dodge predators.

Ellie says the exact implications are difficult to define.

"It's a very open-ended question," she says.

For now, it's worth paying attention to the songs of local birds and taking special note of your favorite tunes.

Because nature's playlist is about to get remixed.



																																																					
																				
																						More information:
												Eleanor M. Hay et al, Body size shapes song in honeyeaters, bioRxiv (2023). DOI: 10.1101/2023.06.20.545811
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            [image: Impacts of invasive species transcend ecosystem boundaries]
             
                Invasive species (red) lead to cross-ecosystem effects: (1) Invasive lake trout feed on native trout, causing their population to decline and disrupting their migration from lakes to rivers. This eliminates an important source of prey for bears. This has an impact on the food web on land, as the bears have to feed on other prey, such as young moose. The invasion of lake trout also has an impact on distant lakes: birds that fed on native trout before the invasion of lake trout shift their foraging to lakes with sufficient available prey. (2) The displacement of native algal forests by invasive green macroalgae alters the quality of the dead algae biomass that is washed from coastal to deeper marine ecosystems where it is an important food source. This affects the quantity and diversity of deep ocean organisms. (3) Invasive terrestrial plants, which displace native forest plants - such as the Himalayan balsam - introduce new chemical substances into the forests, which are washed into ponds, where they reduce the growth rate of zooplankton. This changes the dynamics of the food web in the ponds. Credit: Morgane Brosse, Eawag
            
        

    


Invasive species influence biodiversity across larger spatial extents than previously thought. In a recently published study, researchers from Eawag and the University of Zurich show that the impacts of invasive species extend far beyond the ecosystems they invade and that three mechanisms are primarily responsible for this. These findings are of great importance for the management of ecosystems.



										      
         
        
        
        

      

																																	
Invasive species are widespread around the world and have a profound impact on the ecosystem they invade. They are therefore considered to be one of the five most important threats to global biodiversity and ecosystems.

However, in a study just published in the journal Nature Ecology & Evolution, two researchers from the aquatic research institute Eawag have now shown for the first time that their impact frequently extends beyond the boundaries of the invaded ecosystem.

Postdoctoral researcher Tianna Peller and Florian Altermatt, group leader at Eawag and professor of aquatic ecology at the University of Zurich, have compiled examples of the cross-ecosystem impacts of invasive species worldwide for the first time in a global overview. From this, they have gained insights that shed new light on the extent of the ecological threat posed by invasive species.

"Our work shows that the impact of invasive species across ecosystem boundaries is a ubiquitous phenomenon," explains Tianna Peller, "leading to changes in biodiversity and ecosystem functions around the world." A holistic management of invasive species is therefore necessary, the researchers conclude.


																																						
    
     




																																			Three main pathways for cross-ecosystem impacts

Interactions between ecosystems are widespread in nature and connect, for example, forests and lakes, grasslands and rivers as well as coral reefs and the deep ocean. In their work, the researchers show that invasive species influence these interactions in three different ways.

Firstly, they can change the amount of organisms and materials that flow across ecosystem boundaries. Secondly, they can change the quality of these flows, which may, for example, influence how valuable they are for the animals that consume them as food. And thirdly, invasive species can cause new spatial flows between ecosystems that did not exist before the invasion of the species, for example through secondary plant substances produced by invasive terrestrial plants, which flow into aquatic ecosystems.

"As a result, invasive species can have ecological impacts that extend up to 100 kilometers beyond the ecosystem they invade," explain the authors of the study. "While we often categorize invasive species as aquatic or terrestrial, our results suggest that the impacts of invasive species often transcend the aquatic-terrestrial interface."

Invasive species examples

How invasive species disrupt spatial processes and set in motion a whole cascade of effects on other ecosystems is well illustrated by the example of rats (Rattus spp.), which were introduced to islands in the Chagos Archipelago in the Indian Ocean. The predatory invaders have significantly reduced the bird populations on the islands.


																																			Fewer birds means less bird droppings, which has disrupted the flow of nitrogen from the islands to the coral reefs. This in turn has had an impact on the fish in the reefs, whose biomass has decreased by up to 50 percent. Critical ecosystem functions performed by the fish, such as grazing and bioerosion, have thus been drastically affected.

An example from Switzerland shows how invasive species can introduce new spatial flows between ecosystems. The invasion of the Himalayan balsam (Impatiens glandulifera), originally native to the Himalayas, has led to the secondary plant substances produced by this species being leached into neighboring aquatic ecosystems and impacting growth and reproductive rates of aquatic organisms.

The invasive lake trout (Salvelinus namaycush) in the U.S. is another impressive example of the spatially cascading effects an invasive species can trigger. This invasive species voraciously eats the native Yellowstone cutthroat trout, which has interrupted their migration from lakes to rivers. This affects nutrient cycles and food webs in the rivers, but also on land.

Overall, the study emphasizes the importance of considering the broader spatial context when assessing the ecological impacts of invasive species. In particular, it shows that non-native species should not only be considered within conventional ecosystem compartments such as marine, terrestrial or freshwater, but that their management requires a more holistic perspective. "By understanding how invasive species affect exchanges between ecosystems, management efforts can be better targeted to mitigate their effects," says Florian Altermatt.



																																																					
																				
																						More information:
												Tianna Peller et al, Invasive species drive cross-ecosystem effects worldwide, Nature Ecology & Evolution (2024). DOI: 10.1038/s41559-024-02380-1
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Lab experiments show material flowing through cracks can isolate molecules that may reveal early life on Earth

										

    
        
            [image: Lab experiments show material flowing through cracks can purify molecules isolating prebiotic building blocks]
             
                Underground networks of interconnected rock cracks accumulate and enrich prebiotic compounds driven by heat flows to facilitate the early chemistry towards the emergence of life. Credit: Christof B. Mast
            
        

    


A team of biophysicists at Ludwig-Maximilians-Universitat Munchen, in Germany, has found via lab experiments that heated material seeping through tiny cracks in hardened material can result in isolation of molecules that could have served as the building blocks for life on Earth.



										      
         
        
        
        

      

																					
In their study, published in the journal Nature, the group built a chamber to mimic the conditions inside a volcano and used it to learn how molecular materials might have behaved at the onset of life.

Despite a lot of time and effort, scientists still cannot explain how life came to exist on Earth. Some suggest it got its start organically due to unique factors that existed more than 3.5 billion years ago, while others suggest it may have come from an extraterrestrial source.

For this study, the research team in Germany took a new approach to attempt to prove it was the former--by mimicking the conditions inside ancient volcanos.

Researchers have noted that hot material passing through tiny cracks in rocks can undergo filtering, resulting in the isolation of certain molecules. They wondered if such filtering might have happened on early Earth, allowing molecules necessary for life to be exposed.

To find out, they built a chamber in their lab to mimic a volcano. They used material similar to that found inside modern volcanos to build its structure, complete with tiny cracks similar to those that are found in modern volcanos--they then added heated material to mimic molten rocks and studied the molten material as it seeped down between those cracks and fell onto a collection plate.
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                Purifying the prebiotic clutter. Credit: Nature (2024). DOI: 10.1038/s41586-024-07193-7
            
        

    



The team found that the material had been filtered to the extent that 50 kinds of molecules were isolated--some of which would have been an important part of kickstarting life, like nucleotides and amino acids.

The researchers also found differences in filtering based on different temperatures of the molten rock--even minor differences, they found, could lead to isolation of different molecules. They also noted that changing the size of the cracks made a difference as well.



																														
																				
																						More information:
												Thomas Matreux et al, Heat flows enrich prebiotic building blocks and enhance their reactivity, Nature (2024). DOI: 10.1038/s41586-024-07193-7
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            [image: Shy sea anemones are more likely to survive heatwaves]
             
                Sea anemones that live on the rocky coasts of the Atlantic are exposed to large differences in water temperature. Depending on the individual's personality, they cope with the heat differently. Credit: Jack Thomson
            
        

    


A study by researchers from the University of Gothenburg shows that sea anemones that react more slowly to change can survive a heat wave better than individuals that change their behavior quickly.



										      
         
        
        
        

      

																																	
Along the Atlantic coasts of Europe, many species are exposed to abrupt shifts in habitat. Tides, storms and rapid temperature changes are commonplace for the marine species that live there. With climate change, heat waves are expected to become more frequent, and researchers wanted to find out how coastal marine species cope with extreme water temperatures. They chose to study the sea anemone species Actinia equina, a species that exhibits individual behaviors.

Brave or shy

"We call them animal personalities. They are different behavioral life strategies found in the same species. The anemones we studied have two personality traits, bold and shy, and in extreme heat waves the shy anemones do better," says Lynne Sneddon, a zoophysiologist at the University of Gothenburg and co-author of the study published in the Journal of Experimental Biology.

Being a shy or bold anemone describes the individual's risk-taking. Both behaviors have advantages that have made them winners in evolution, otherwise they would not exist. A bold anemone reacts more quickly to changes in the environment than a shy anemone does. This means that the bold ones are quicker than the shy ones to open their tentacles to forage after a change. The bold anemones can trap more of the nutrients in the water, and this gives them a competitive advantage.

On the other hand, they become more vulnerable in extreme conditions, such as heat waves. The researchers' study shows that being a shy individual is a better survival strategy when the water is extremely hot.

"We measured the metabolism of the anemones and could see that when the water temperature was high, the metabolism of the bold anemones skyrocketed. This meant that they had to increase their nutrient intake so much that they risked dying. The shy anemones' metabolism increased less, so they were better able to cope with the heat stress," says Sneddon.

Rapid warming at low tide

In coasts with large tidal differences, water collects in "rock pools" that warm up quickly on the ebb tide before the next flood washes in with colder seawater. Anemones living in these pools are therefore particularly vulnerable to large temperature differences.

"Heat waves will become more common in the future and cold-blooded animals may find it difficult to cope. We studied anemones, but we have reason to believe that the phenomenon applies to other species as well. If the animals can't cope, there will be a disruption in the ecosystems and this could have implications for the whole food web," says Sneddon.



																																																					
																				
																						More information:
												Daniel K. Maskrey et al, Differential metabolic responses in bold and shy sea anemones during a simulated heatwave, Journal of Experimental Biology (2024). DOI: 10.1242/jeb.244662
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Study finds shy sea anemones are more likely to survive heat waves (2024, April 4)
												retrieved 4 April 2024
												from https://phys.org/news/2024-04-shy-sea-anemones-survive.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/2024-04-shy-sea-anemones-survive.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Researchers reveal assembly of critical molecular machine that removes non-coding information from genes
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                Representation of the tri-snRNP complex, formed by the interaction of three different snRNPs (small nuclear ribonucleoprotein particles)--U4, U5, and U6. Credit: Isabel Romero Calvo/EMBL
            
        

    


One of the most striking features of human genes is that genetic information required to produce proteins is stored in a discontinuous form, wherein the coding information (exons) is punctuated with non-coding segments known as introns.



										      
         
        
        
        

      

																																	
A new study from the Galej group at EMBL Grenoble contributes to a better understanding of the process by which this non-coding information is removed prior to protein synthesis.

In order to produce functional proteins, the cell must remove introns from precursors of messenger RNA molecules called pre-mRNAs--a process known as pre-mRNA splicing. In a way, splicing is similar to movie editing, where individual video clips are cut and stitched together to form a coherent story.

The splicing reaction is catalyzed by a large and dynamic molecular machine known as the spliceosome. The spliceosome surveys messenger RNA molecules to identify the beginning and the end of each coding segment and puts them together in a faithful way. This is of critical importance as any inaccuracies in this process may have drastic consequences for gene expression outcomes.

"Numerous genetic disorders are linked directly or indirectly to either mutations in spliceosome components or the sequences that it recognizes," said Wojtek Galej, Group Leader at EMBL Grenoble. "Therefore, investigation of the pre-mRNA splicing has a huge medical relevance and understanding of its fundamental mechanism may pave the way for novel therapies to improve human health."

The spliceosome is a very complex molecular machine, built from more than 100 proteins and five RNA molecules. These components are pre-assembled into five major building blocks known as small nuclear ribonucleoprotein particles (snRNPs, pronounced "snurps"). The Galej Group interrogated the structure of one of the building blocks of the spliceosome--the 20S U5 snRNP.


																																						
    
     




																																			The largest building block of the spliceosome is called the tri-snRNP complex and is formed from the interaction of three different snRNPs--U4, U5, and U6. Although scientists know the structure of the mature tri-snRNP, it remains unclear how exactly its numerous components assemble.

Researchers from the Galej Group addressed this problem by analyzing the structure of 20S U5 snRNP, one of the intermediates in this assembly pathway. Although this intermediate was first isolated more than three decades ago, its structure has remained elusive until now.

The scientists purified their sample directly from human cells and visualized it using electron cryomicroscopy (cryoEM) and interpreted their data with the help of AlphaFold2, an artificial intelligence-based system for predicting protein structures. Their findings are published in the journal Nature Structural & Molecular Biology.

The researchers discovered that CD2BP2, one of the proteins in the tri-snRNP complex, acts as a molecular "chaperone," helping the protein components of the complex come together and assemble correctly. This protein is only present in the precursor form of the complex and leaves it as soon as it reaches its mature state.

To better understand the function of this factor, the team used CRISPR-Cas9 gene editing technology to create cell lines devoid of CD2BP2. With support from the Proteomics Core Facility at EMBL Heidelberg, the scientists found that in the absence of CD2BP2, snRNPs are produced less efficiently due to a potential roadblock in their assembly pathway.

"We started this project more than five years ago, and it has been a great collaborative effort of multiple people in the group looking at the problem from different angles. It is immensely satisfying to see final results coming together now," said Galej.



																																																					
																				
																						More information:
												Daria Riabov Bassat et al, Structural basis of human U5 snRNP late biogenesis and recycling, Nature Structural & Molecular Biology (2024). DOI: 10.1038/s41594-024-01243-4
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'Force-sensing' protein could better treat diseases that cause seizures

										


    
        
            [image: 'Force-sensing' protein could better treat diseases that cause seizures]
             
                Opening pathway of OSCA channels. On membrane tension, OSCA dimers sequentially transition from an expanded state (a) to a contracted state (b), subconducting state (c) and fully activated state (d). Credit: Nature (2024). DOI: 10.1038/s41586-024-07256-9
            
        

    


Researchers from The Australian National University (ANU) have made a discovery about a little understood protein in the human body that could help treat diseases that cause seizures, including epilepsy. The study is published in Nature.




										      
         
        
        
        

      

																																	The researchers examined the "force-sensing" protein, or mechanical protein, which is responsible for physical touch and brain development.

The under-researched protein is part of the family that enables us to feel mechanical forces, such as touch and hearing, which are converted into nerve impulses that can be interpreted by the brain.

The researchers found that by understanding more about the force-sensing protein, diseases such as hypomyelination, where the sheath around nerve cells does not develop properly and makes it hard for the brain to send nerve impulses, resulting in severe developmental delays and epileptic seizures, could be better treated.

"By knowing more about how the force-sensing protein works, it opens the door to try to develop therapeutic opportunities to help people with these conditions," Professor Ben Corry, from ANU, said.

"In diseases such as hypomyelination, the body cannot produce myelin--the substance insulating the nervous system's electrical wires--at normal levels."

The ANU scientists discovered that these proteins work completely differently from other sensing proteins we already know about.

According to Professor Corry, the way that protein molecules sense a change in the cell membrane to open up a pore--which allows matter in and out of the cell and is what starts the neuronal signal--was behaving differently from similar proteins.


																																						
    
     




																																			"The unexpected discovery was that this force-sensing protein behaved completely differently from other similar proteins," Professor Corry said.

"In this case, it was half formed by the protein and half by the cell membrane itself. This is something unheard of for us biologists."

Through scientific experiments, the researchers found that the cell membrane helps control what goes in and out of cells in response to these mechanical forces.

"Our experiments showed how and what can go in and out of the cell can be altered by changing the membrane, not the protein molecule itself," Professor Corry said.

"We've shown that these proteins work in a completely different way from other sensing proteins. This is important because they could be playing some quite unexpected roles that are yet to be determined.

"For example, this novel mechanism might mean that they have a role in wound healing, where, in a way, they're being used to signal things happening in your cell membranes that are not necessarily directly related to these forces."

Professor Corry said these force-sensing proteins are also found in other species, including plants.

"Plants have an almost identical force sensor, so they can distribute and pull water up from the roots and move it to the leaves. Better understanding this could contribute to the development of salt-tolerant plants for agricultural use," Professor Corry said.

While the researchers were studying healthy cells, they said the next step would be to look at what's happening on the cellular level to people with diseases with poor myelination of neurons.

"After considering the disease condition, there might be direct medical implications, including finding ways to treat it," Professor Corry said.
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												Yaoyao Han et al, Mechanical activation opens a lipid-lined pore in OSCA ion channels, Nature (2024). DOI: 10.1038/s41586-024-07256-9
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Some snakes show signs of self-recognition in olfactory tests
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                Credit: Pixabay/CC0 Public Domain
            
        

    


A trio of psychologists at Wilfrid Laurier University, in Canada, has found evidence that at least one type of snake may have self-recognition. In their study, published in Proceedings of the Royal Society B: Biological Sciences, Troy Freiburger, Noam Miller and Morgan Skinner used the olfactory sense rather than vision to test for self-recognition in two kinds of snakes.




										      
         
        
        
        

      

																					Prior research has suggested that several types of animals have some degree of self-recognition. Testing involves putting a mark on an animal's face where they cannot see it and then allowing them to look in a mirror. If they react to the mark by touching, it, they are described as having self-recognition.

The research team notes that this procedure only works with species that use vision as a primary sense--that excludes others, including snakes. To test self-recognition in snakes, the researchers used the sense of smell--snakes rely very strongly on smell to find and capture prey.

To test snakes, the researchers chose two types that were easy to obtain--garters and ball pythons. They obtained 36 of the former and 18 of the latter and tested each of them. Testing consisted of collecting oil samples from each by rubbing a pad along their undersides and then presenting each with five scented pads: one that had the sample, another from the same sample that had been mixed with olive oil, one from a snake of a different species and one with just olive oil. With each presentation, the researchers noted how the snake under study reacted, focusing on tongue flicks.

In watching all the reactions, the research team found that the garter snakes flicked their tongues more when presented with their own scent and the sample with their modified scent. The ball pythons exhibited no differences in tongue flicking when presented with the samples.

The researchers suggest that increased tongue flicking when presented with their altered scent indicates a sign of self-recognition--they could tell something was off with how they were smelling. They noted also that garter snakes are much more social than ball pythons as a way to help explain the differences in reactions.


																														
																				
																						More information:
												Troy Freiburger et al, Olfactory self-recognition in two species of snake, Proceedings of the Royal Society B: Biological Sciences (2024). DOI: 10.1098/rspb.2024.0125
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Adult fish struggle to bounce back in marine protected areas, study finds
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                Bluestriped grunts and gray snapper, two fish species vital to the local economy, in Belize's Hol Chan Marine Reserve. Credit: Pete Oxford/iLCP
            
        

    


Age matters when determining how to protect life in the ocean; every population needs a strong cohort of adults to produce the next generation. But many marine protected areas (MPAs) are falling short of their most basic purpose: to rebuild struggling fish populations.



										      
         
        
        
        

      

																																	In a new study published April 4 in Global Change Biology, scientists looked at the age breakdown of reef fish in marine protected areas for the first time. They discovered in almost all of them, adult fish populations have either flatlined or declined.

"Adult fish are really important," said Steve Canty, marine ecologist with the Smithsonian Environmental Research Center and a lead author of the study. "They are the primary catch within commercial fisheries that support livelihoods and food security of coastal communities. Additionally, it is the adults that breed and rebuild the fisheries, and here size matters. Bigger and older female fish produce more and better eggs, and therefore are critical to rebuilding fish populations."

It is a vital lesson as the world races to meet the "30 by 30" target to conserve 30% of Earth's ocean by 2030. Delegates at the United Nations Biodiversity Conference set that ambitious goal in December 2022. However, many experts say the target will mean little unless nations choose sites where marine life can flourish and balance the needs of coastal communities.

The study looked at fish in the Mesoamerican Reef. The longest reef in the Western Hemisphere, it stretches over 600 miles along the coasts of southern Mexico, Belize, Guatemala and Honduras. The region is a biodiversity hotspot, home to over 500 fish species, 60 kinds of corals and one of the largest whale shark congregations on Earth. The marine resources of the region also support the livelihoods and food security of over 1 million people.
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                Bluestriped grunts swim around a reef in Hol Chan Marine Reserve, Belize. Credit: Luciano Candisani /iLCP
            
        

    



The scientists examined adult versus juvenile fish biomass in 139 reef sites--111 protected and 28 unprotected. Protected sites in the Mesoamerican Reef fall into three categories: "fully protected areas" where fishing is completely banned, "highly protected areas" that allow activities like subsistence and catch-and-release sport fishing and "general use zones" where commercial fishing is often allowed but specific methods or equipment are banned. Of the marine protected areas in the study, a mere 24% were either fully or highly protected.


																																						
    
     




																																			"It's always difficult to prohibit fishing from any part of the sea--as if it goes against a basic human instinct," said Melanie McField, co-author and director of the Healthy Reefs Initiative. "But fully protecting and enforcing these areas is the best way to grow bigger fish that can rebuild the populations and actually increase overall fish catches outside the fully protected areas."

The team took their fish biomass data from the Healthy Reefs Initiative, which uses scuba divers to survey fish at hundreds of reefs throughout the region. The initiative has also evaluated the four countries in the Mesoamerican Reef for enforcement and other management practices in protected sites.

The study included additional data about coastal development, sea surface temperature and other key variables known to affect fish populations. The scientists looked at data over a 12-year timeframe, from 2006 to 2018.
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                Schoolmaster snapper swim around a coral reef in Honduras. Credit: George Stoyle
            
        

    



The results were troubling. Though marine protected areas exist largely to rebuild fish populations, only 11 sites in the study--8% total--saw significant increases in adult biomass. Most sites saw no change, and 28 sites saw declines.

The sites with declines had several things in common: They all had heavy coastal development nearby and experienced high levels of warming in their waters. They were also all in general use zones--the weakest type of marine protected area--and even then had only "inadequate or moderate enforcement."


																																			"Minimal protection in the weakest MPAs proved to be more detrimental than no protection at all, because it allowed for continued and concentrated exploitation without effective management," said co-author Abel Valdivia, marine conservation scientist with the World Wildlife Fund.

"Unlike open-access zones, where fishing pressure may be spread out, weakly protected areas faced unchecked coastal development, warming waters and inadequate enforcement, leading to the decline in adult biomass."

However, the 11 sites where adults rebounded also had some common trends. They were all in fully protected areas with adequate enforcement, experienced fewer sea surface temperature spikes and were beside areas with a lower human footprint.
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This 12-year snapshot of the Mesoamerican Reef offers clues for how the rest of the globe can succeed at "30 by 30" conservation. Strong enforcement and effective management are key to a marine protected area's success, as is community buy-in and support. Choosing sites with climate change in mind is also critical, the authors said. While many parts of the ocean cannot escape warming waters, sites that could act as climate refuges for both adult and juvenile life stages need to be top candidates for full protection.

"Our study shows that adults and juvenile fish respond very differently to management and environmental change," said Justin Nowakowski, a lead author and ecologist with the Smithsonian Environmental Research Center. "Adults were more sensitive to stressors like climate change, which can undermine the local benefits of MPAs. The big question now is where to locate new MPAs to maximize positive impacts for the regional fishery. To do this, we need to consider the unique requirements of adult and juvenile life stages--otherwise we are missing the full picture."

The Smithsonian Marine Station, Conservation International, Barefoot Ocean, Louisiana State University and the University of Maryland Center for Environmental Science also contributed to the study.


																																																					
																				
																						More information:
												Interplay of management and environmental drivers shifts size structure of reef fish communities, Global Change Biology (2024). DOI: 10.1111/gcb.17257
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Tokyo crowds revel as cherry blossoms reach full bloom
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Tourists and residents packed Tokyo's top cherry blossom spots on Thursday to enjoy the full bloom that has arrived in the Japanese capital later than usual this year because of cold weather.



										      
         
        
        
        

      

																																	The elegant dark branches bursting with pink and white flowers--known as sakura in Japanese--spilled over the moat of the Imperial Palace, where people gathered to snap photos or simply take in the view.

"Cherry blossoms are so symbolic and make everything around you feel joyful and beautiful," Michitaka Saito, 68, told AFP.

"It makes me feel that I've made a good start on the year ahead," said Saito, who makes an annual visit to Chidorigafuchi Park beside the moat in central Tokyo.

Sakura season traditionally accompanies the beginning of the new fiscal year in Japan, representing fresh starts but also the fleeting impermanence of life.

Eiko Hirose, 76, said that enjoying the cherry blossoms with her husband Sadao "means I'm healthy, and he's good, and we all have a good time".

"We take it for granted that we can see it next year again, but who knows? Something may happen," she said.

The Japanese Meteorological Agency (JMA) declared on Thursday that the country's most common and popular "somei yoshino" variety of cherry tree was in full bloom, four days later than average for the city.
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While the agency attributes this year's tardy blooms to cold weather, it has raised the alarm that climate change is making the delicate petals appear sooner in the long term.

Last year's sakura began to flower on March 14--the joint earliest date on record along with 2020 and 2021--and hit full bloom on March 22.


																																						
    
     




																																			"Since 1953, the average start date for cherry blossoms to bloom in Japan has been becoming earlier at the rate of approximately 1.2 days per 10 years," the JMA says.

"The long-term increase in temperature is thought to be a factor" as well as other reasons such as the urban heat island effect, according to the agency.

Tourism to Japan has been booming since pandemic-era border restrictions were lifted, and an international crowd was also out enjoying the scenery on Thursday.

Kamilla Kielbowska, a 35-year-old from New York, planned her third trip to Japan around the blossoms.
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"We arrived here on, I believe, March 23. And I was joking... 'OK, we gotta go to this park straight from the airport, I cannot miss sakura.'"

But "it was super cold, and no trees were blossoming. And I was a little bit sad, but hoping that I'll still see them in full blossom before I leave."

"It definitely lived up to expectations," she said, calling the sight "marvelous" and "very magical".

Katsuhiro Miyamoto, professor emeritus at Kansai University, estimates the economic impact of cherry blossom season in Japan, from travel to parties held under the flowers, at 1.1 trillion yen ($7.3 billion) this year, up from 616 billion yen in 2023.
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Rising temperatures upend migratory bird habitats in Albania
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Long considered a Garden of Eden for migratory birds, the Vain Lagoon along the northern Albanian coast has been increasingly abandoned by a range of species as rising temperatures wreak havoc on wetlands across the country.



										      
         
        
        
        

      

																																	Millions of birds pass through Albanian lagoons and estuaries during flights north every year, providing critical grounds for migratory species traveling between northern Europe and Africa.

The Vain Lagoon covers more than 3,000 hectares (7,400 acres) stretched along the Adriatic Sea and is home to 196 species of migratory birds.

Long-legged flamingos with bright pink plumage, black-headed gulls, slender egrets, whistling ducks and teals with their raspy birdsong are among the species that frequent the area.

But their numbers are in steep decline, according to experts.

At least 40 percent of the total migratory bird populations were missing in January, the latest survey reported. For several years, the mallard duck has all but disappeared.

Scientists say that poaching, poisoning, collision with power lines and loss of habitat kills migratory birds by the thousands every year. But spiking temperatures across the globe may prove even more disruptive.

"There are many reasons, but above all it is global warming which has affected migration and breeding seasons," said Kreshnik Toni, who oversees the protected nature reserves in Lezhe, which includes the Vain Lagoon.



    
        
            [image: The area is considered a Garden of Eden for migratory birds -- but year on year, their numbers are plummeting, experts say]
             
                The area is considered a Garden of Eden for migratory birds -- but year on year, their numbers are plummeting, experts say.
            
        

    



Local fishermen have also blamed warming waters for the overall decline in fish populations in the area, depriving the birds of vital food supplies.


																																						
    
     




																																			"Water temperatures, rising sea levels and other factors have led to a decline in fish stocks," said Nikolle Lucaj, who has been fishing commercially in the area for 35 years.

Once abundant, the population of eels--a favored prey for many bird species--in the area has dropped by as much as 80 percent, said Cel Arifi, who oversees fishing operations at the Vain Lagoon.

Invasive species like blue crab, which are native to the waters of the West Atlantic, have also threatened the biodiversity of wetlands in Albania.

"They attack birds and they are very aggressive even towards flamingos," Lucaj told AFP.

Pollution along with the degradation and destruction of the birds' habitat by humans also poses a significant risk, warned Mirjan Topi, the author of the first field guide of birds in Albania.

A young stork carrying a GPS device that tracked its migration in real time died last year in Greece after hitting an electricity pole.
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'Global problem'

Some birds, like white storks--an endangered species--spent less time in Africa this year only to return much earlier than expected to Albania, according to conservationists.

Scientists have also been closely watching a pair of mated storks for the past seven years, with the couple nesting at the same spot in Albania.


																																			"But another pair of storks preferred to spend the winter in Albania rather than take the risk of a long and perilous migration to Africa," said Taulant Bino, who chairs the Albanian Ornithological Association (ASO).

Worried Albanian ornithologists are also impatiently awaiting the return of an Egyptian vulture from Chad, which is equipped with a GPS device.

The sacred bird of the pharaohs, which is now endangered, "is exposed to a lot of danger during this journey of more than 5,000 kilometers (3,100 miles) across three continents" said Ledi Selgjekaj, a biologist working with the Protection and Preservation of Natural Environment in Albania group.
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The European population of the Egyptian vulture alone has fallen by 50 percent since the 1970s. In the Balkans, it has declined by 80 percent over the past 30 years alone, according to Topi, who wrote the field guide on Albanian birds.

In Albania there are only five couples left, Topi added.

To preserve the dwindling population, ornithologists groups from Albania and Greece have built secure sites aimed at eliminating threats during breeding.

"No country can fight the battle alone," said Bino from ASO. "Climate change and the risks that migratory birds face during their journeys are a global problem."
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An orca calf stranded in a Canadian lagoon will be airlifted out to reunite with pod, rescuers say
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                An orphaned Orca calf is shown in a lagoon near Zeballos, B.C., on Tuesday April 2, 2024. The two year-old Orca has been alone in the tidal lagoon near Little Espinosa Inlet since March 23, when its pregnant mother became trapped by the low tide and died on the rocky beach. Credit: Chad Hipolito/The Canadian Press via AP
            
        

    


Plans are underway by to airlift a stranded killer whale calf out of a remote tidal lagoon off northern Vancouver Island in an effort to reunite the young orca with its extended family, Canadian authorities said Wednesday.



										    
																					Canadian Fisheries Department and First Nations officials said the plan involves placing the 2-year-old calf into a sling, lifting it out of the lagoon by helicopter and putting it in a net pen in the ocean while they wait for its family pod to be near before release.

Rescuers have been unable to coax the young whale out of the area since its pregnant mother was stranded at low tide in the lagoon and died March 23.

The plan was agreed to during a meeting between members of the Ehattesaht First Nation council, Fisheries Department officials and marine technical experts.

Ehattesaht First Nation Chief Simon John said his people have deep cultural and spiritual connections to orcas and the nation has been receiving calls of concern and support from around the world.

Paul Cottrell, a marine mammal coordinator with the Fisheries Department, said the rescue could occur within days, but more likely within the next two weeks.


																														
																					
																															 
												  (c) 2024 The Associated Press. All rights reserved. This material may not be published, broadcast, rewritten or redistributed without permission.
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        An anonymous coder nearly hacked a big chunk of the internet. How worried should we be?
        Outside the world of open-source software, it's likely few people would have heard about XZ Utils, a small but widely used tool for data compression in Linux systems. But late last week, security experts uncovered a serious and deliberate flaw that could leave networked Linux computers susceptible to malicious attacks.

      

      
        Human error may have contributed to the Key Bridge disaster. Changing our approach to design can help reduce accidents
        In the early morning of March 26, a 948-foot vessel struck the Francis Scott Key Bridge in Baltimore, Md., causing its collapse. Preliminary evidence shows that the container ship Dali lost power while transitioning out of the Baltimore harbor, which resulted in the ship's crew losing control of its steering.

      

      
        Beware businesses claiming to use trailblazing technology. They might just be 'AI washing' to snare investors
        Staying competitive in the finance sector is vital, with many companies moving quickly to adopt artificial intelligence (AI) to reduce costs and streamline operations.
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        Researchers in Japan have effectively developed a diverse range of personality traits in dialogue AI using a large-scale language model (LLM). Using the prisoner's dilemma from game theory, Professor Takaya Arita and Associate Professor Reiji Suzuki from Nagoya University's Graduate School of Informatics' team created a framework for evolving AI agents that mimics human behavior by switching between selfish and cooperative actions, adapting its strategies through evolutionary processes. Their fin...
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Outside the world of open-source software, it's likely few people would have heard about XZ Utils, a small but widely used tool for data compression in Linux systems. But late last week, security experts uncovered a serious and deliberate flaw that could leave networked Linux computers susceptible to malicious attacks.



                                        
                                              
                                        
                                                                                                                                    
The flaw has since been confirmed as a critical issue that could allow a knowledgeable hacker to gain control over vulnerable Linux systems. Because Linux is used throughout the world in email and web servers and application platforms, this vulnerability could have given the attacker silent access to vital information held on computers throughout the world--potentially including the device you're using right now to read this.

Major software vulnerabilities, such as the SolarWinds hack and the Heartbleed bug, are nothing new--but this one is very different.

The XZ Utils hack attempt took advantage of the way open-source software development often works. Like many open-source projects, XZ Utils is a crucial and widely used tool--and it is maintained largely by a single volunteer, working in their spare time. This system has created huge benefits for the world in the form of free software, but it also carries unique risks.

Open source and XZ Utils

First of all, a brief refresher on open-source software. Most commercial software, such as the Windows operating system or the Instagram app, is "closed-source"--which means nobody except its creators can read or modify the source code. By contrast, with "open-source" software, the source code is openly available and people are free to do what they like with it.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Open-source software is very common, particularly in the "nuts and bolts" of software which consumers don't see, and hugely valuable. One recent study estimated the total value of open source software in use today at US$8.8 trillion.

Until around two years ago, the XZ Utils project was maintained by a developer called Lasse Collin. Around that time, an account using the name Jia Tan submitted an improvement to the software.

Not long after, some previously unknown accounts popped up to report bugs and submit feature requests to Collin, putting pressure on him to take on a helper in maintaining the project. Jia Tan was the logical candidate.

Over the next two years, Jia Tan become more and more involved and, we now know, introduced a carefully hidden weapon into the software's source code.

The revised code secretly alters another piece of software, a ubiquitous network security tool called OpenSSH, so that it passes malicious code to a target system. As a result, a specific intruder will be able to run any code they like on the target machine.

The latest version of XZ Utils, containing the backdoor, was set to be included in popular Linux distributions and rolled out across the world. However, it was caught just in time when a Microsoft engineer investigated some minor memory irregularities on his system.


                                                                                                                                            A rapid response

What does this incident mean for open-source software? Well, despite initial appearances, it doesn't mean open-source software is insecure, unreliable or untrustworthy.

Because all the code is available for public scrutiny, developers around the world could rapidly begin analyzing the backdoor and the history of how it was implemented. These efforts could be documented, distributed and shared, and the specific malicious code fragments could be identified and removed.

A response on this scale would not have been possible with closed-source software.

An attacker would need to take a somewhat different approach to target a closed-source tool, perhaps by posing as a company employee for a long period and exploiting the weaknesses of the closed-source software production system (such as bureaucracy, hierarchy, unclear reporting lines and poor knowledge sharing).

However, if they did achieve such a backdoor in proprietary software, there would be no chance of large-scale, distributed code auditing.

Lessons to be learned

This case is a valuable opportunity to learn about weaknesses and vulnerabilities of a different sort.

First, it demonstrates the ease with which online relations between anonymous users and developers can become toxic. In fact, the attack depended on the normalization of these toxic interactions.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The social engineering part of the attack appears to have used anonymous "sockpuppet" accounts to guilt-trip and emotionally coerce the lead maintainer into accepting minor, seemingly innocuous code additions over a period of years, pressuring them to cede development control to Jia Tan.

One user account complained, "You ignore the many patches bit rotting away on this mailing list. Right now you choke your repo."

When the developer professed mental health issues, another account chided, "I am sorry about your mental health issues, but its important to be aware of your own limits. "

Individually, such comments might appear innocuous, but in concert become a mob.
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We need to help developers and maintainers better understand the human aspects of coding, and the social relationships that affect, underpin or dictate how distributed code is produced. There is much work to be done, particularly to improve the recognition of the importance of mental health.

A second lesson is the importance of recognizing "obfuscation", a process often used by hackers to make software code and processes difficult to understand or reverse-engineer. Many universities do not teach this as part of a standard software engineering course.

Third, some systems may still be running the dangerous versions of XZ Utils. Many popular smart devices (such as refrigerators, wearables and home automation tools) run on Linux. These devices often reach an age at which it is no longer financially viable for their manufacturers to update their software--meaning they do not receive patches for newly discovered security holes.

And finally, whoever is behind the attack--some have speculated it may be a state actor--has had free access to a variety of codebases over a two-year period, perpetrating a careful and patient deception. Even now, that adversary will be learning from how system administrators, Linux distribution producers and codebase maintainers are reacting to the attack.

Where to from here?

Code maintainers around the world are now thinking about their vulnerabilities at a strategic and tactical level. It is not only their code itself they will be worrying about, but also their code distribution mechanisms and software assembly processes.

My colleague David Lacey, who runs the not-for-profit cybersecurity organization IDCARE, often reminds me the situation facing cybersecurity professionals is well articulated by a statement from the IRA. In the wake of their unsuccessful bombing of the Brighton Grand Hotel in 1984, the terrorist organization chillingly claimed: "Today we were unlucky, but remember we only have to be lucky once. You will have to be lucky always."
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In the early morning of March 26, a 948-foot vessel struck the Francis Scott Key Bridge in Baltimore, Md., causing its collapse. Preliminary evidence shows that the container ship Dali lost power while transitioning out of the Baltimore harbor, which resulted in the ship's crew losing control of its steering.



                                        
                                              
                                        
                                                                                                                                    
The U.S. National Transportation Safety Board (NTSB) launched an investigation into the accident to unveil its causes. In a recent press conference, NTSB chair Jennifer Homendy indicated it may take between 12 to 24 months for the investigation to complete.

While available information on the likely many contributing factors at play in the accident is sparse, it is suggested that human error may as well have played a role. When interviewed about potential causes of the accident, the director of the Seafarers International Research Center at the University of Cardiff, Helen Sampson, did not rule out the possibility of someone's mistake having contributed to the bridge's collapse.

In a recent interview with Sky News, Sampson asked: "Was there some sort of miscommunication or misunderstanding between the pilot and the crew? Or was there a pilot error?"

Considering that the accident happened around 1:30 a.m. local time, fatigue might be a factor of concern, she added.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Science of human error

Human error has been the topic of scientific investigation since the Second World War, when governments started paying attention and investing resources into making machines more usable and, in turn, effective. While the study of human factors, including human error, was restricted to the military, over the years the investigation of how to build more human-friendly technology has expanded to other fields.



    
    
    
        
        
    
         
             
         

        PBS streams the U.S. National Transportation Safety Board press briefing.
  

In today's world, experts in this field are employed across many industries. Automotive companies worldwide make use of human factors principles in the design of current interfaces and assistance systems. The development of mass-produced tech gadgets could not be possible without careful considerations being given to the needs and wants of global customers.

Despite the study of human error spanning decades, the fight for reducing its impact on accidents, let alone eliminating them, is not getting any easier. In fact, the more effort is directed into fixing this problem, the worse it seems to get.

Reducing the human factor

Over the years, engineering solutions have been aimed at reducing the role of humans: the source of human error. This is done by automating manual tasks; however, adding less-than-perfect automation to fields like transportation has not eliminated accidents.

For example, the recent introduction of semi-autonomous driving systems, where control of the vehicle is shared between the human driver and the system, has raised significant concerns about this technology's safety.

The many news headlines about Tesla drivers misusing these systems as well as the 2023 U.S. Department of Transportation and Transport Canada recall on Tesla's Autosteer system are evidence of how the safety of these systems is largely unproven.

Recent aviation accidents also point at the intrinsic limitations of adding more automation while disregarding key human factors. For example, in the case of the two crashes involving Boeing's 737 Max 8 aircraft, factors including poor pilot training and incorrect mental representations of the automated system is what ultimately contributed to the pilots losing control of the navigation system.


                                                                                                                                            Fixing human error

Human error cannot be fixed. Humans make mistakes, that is intrinsic to our nature. What can and should be fixed instead is our societal approach that attempts to make things better or safer by using unproven technology.

A human-centered design approach should be prioritized that considers and designs for human characteristics and limitations, rather than a technology-centered one that ignores or does not fully account for human factors. While some progress has been made, the road ahead is quite long still.

It's still too early to determine the extent to which human error played a role in the Francis Scott Key Bridge collapse. What we know is that more effort is needed to ensure that current and future transportation systems put humans at the center of their design, rather than relegating them to a peripheral role and holding them culpable only when things go wrong.
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Staying competitive in the finance sector is vital, with many companies moving quickly to adopt artificial intelligence (AI) to reduce costs and streamline operations.


                                        
                                              
                                        
                                                                                                                                    
But two companies recently came unstuck when the United States Securities and Exchange Commission (SEC) accused them of exaggerating their use of AI, marking the world's first significant move in combating so-called "AI washing."

Delphia (U.S.) Inc and Global Predictions Inc, boasted about using AI for designing investment strategies, but the SEC found their claims to be unsubstantiated.

There's much speculation around AI, especially with generative technology app ChatGPT shaking things up. But amid all the hype, AI washing is becoming more common.

As well as exaggerating or misrepresenting their AI capabilities, companies may inflate the abilities of AI algorithms or create the illusion AI plays a more significant role than it actually does.

What's so good about AI?

Incorporating AI into business operations has many benefits. It can streamline processes, quickly break down and analyze complex data to speed up decision-making, and help organizations stay ahead in a rapidly evolving and competitive market.

Promoting its use of AI helps portray a company as high-tech and cutting-edge, even if the reality doesn't check out.

The practice of AI washing isn't totally new. It follows the same idea as greenwashing, where companies pretend to be eco-friendly to attract investors and consumers.

It involves dressing up ordinary tech with fancy AI buzzwords such as "machine learning," "neural networks," "deep learning" and "natural language" processing to seem more innovative than they actually are.


                                                                                                        
    
        
        
        
    

                                                                                                                                            AI and the finance sector

AI washing flourishes in finance and investment because of the industry's high-stakes, intense competition and the seductive appeal of technology-driven solutions.

AI's algorithms can analyze extensive datasets, enhance predictability and uncover hidden patterns in financial data. And AI's real-time processing capabilities enable dynamic adaptation to market changes.

The complexity of financial products provides room for firms to conceal the reality behind flashy AI claims. And the lack of regulation exacerbates the problem.

Despite AI's impressive capabilities, it's not without its drawbacks, including ethical concerns, susceptibility to cyber attacks and manipulation, and the lack of transparency in how AI algorithms arrive at decisions or predictions.

Supporters of AI-related investments range from novice retail investors to seasoned institutional players.

Such interest has led to venture capital firms allocating more capital to AI startups last year than they did previously.


                                                                                                                                            A lack of regulation

But without clear guidelines, firms can exploit loopholes and mislead investors.

This lack of oversight erodes trust and credibility in the industry. AI washing may also stifle innovation. If investors are skeptical about AI, they're less likely to invest in legitimate AI-powered solutions. This can slow down the development of truly groundbreaking technologies.

It is crucial to deal with AI washing, echoing the cautionary tale of the dot-com bubble. Much like the exaggerated promises and speculative fervor surrounding internet companies which led to market turbulence and investor skepticism in the late 1990s, the hype surrounding AI capabilities in finance poses similar risks.

AI washing could lead investors to pour money into AI-related ventures without fully understanding the risks or potential limitations, ultimately exposing them to financial losses when the bubble bursts.

The European Union AI Act is the first regulation in the world to govern the use, development, disclosure and oversight of AI. But in Australia there are no specific laws. Regulation currently falls under the Corporations Act.

ASIC is currently considering ways to regulate AI, including formulating penalties for AI washing.

Holding companies accountable for accurate information about technology applications helps maintain the integrity of financial markets and ensures fairness for investors.


                                                                                                        
    
        
        
        
    

                                                                                                                                            How to spot AI washing

So, how can you, as an investor or consumer, avoid falling victim to AI washing? Here are some tips:

1. Verify registration status and credentials

Before buying or investing in anything claiming AI capabilities, verify the investment company's registration status and credentials by looking them up on the professional register. Ensure they have no disciplinary [history] by checking the Australian Securities and Investment Commission register.

2. Be cautious with AI-focused investments

Investing in AI-driven companies may seem promising, but be wary of companies that tout their "revolutionary" or "industry-leading" AI without providing specifics. What exactly makes their AI revolutionary? What problems does it solve? Companies that rely on empty buzzwords without concrete details are probably exaggerating their capabilities.

3. Boost your knowledge

Get a grasp of AI and machine learning basics. Learn common AI techniques and terms used in finance. There are a large number of free resources online for beginners.

4. Ask questions

Do not solely rely on AI-generated information for investment decisions. AI-generated data may be based on inaccurate or biased. Ask financial advisors and companies about their specific AI implementation. What kind of data are they using? How are their algorithms trained? What are the limitations of their technology?

5. Be skeptical of high returns with little to no risk

Be skeptical of financial products promising high returns with minimal risk, especially those claiming AI-powered success. This tactic is a common red flag for AI washing. Don't rely solely on a company's claims--conduct independent research by following the financial news or checking regulatory filings of companies before investing.



                                                                                                                                                                            
                                        											
										                                            
                                                                                                                            
                                                

This article is republished from The Conversation under a Creative Commons license. Read the original article.[image: The Conversation]
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Game theory research shows AI can evolve into more selfish or cooperative personalities

									    


    
        
            [image: Artificial intelligence can evolve into more selfish or cooperative personalities through game theory and large-scale language models]
             
                Large-scale language models enable AI agents to evolve various types of personalities in social interactions. Credit: Reiko Matsushita
            
        

    


Researchers in Japan have effectively developed a diverse range of personality traits in dialogue AI using a large-scale language model (LLM). Using the prisoner's dilemma from game theory, Professor Takaya Arita and Associate Professor Reiji Suzuki from Nagoya University's Graduate School of Informatics' team created a framework for evolving AI agents that mimics human behavior by switching between selfish and cooperative actions, adapting its strategies through evolutionary processes. Their findings were published in Scientific Reports.



                                        
                                              
                                        
                                                                                                                                    LLM-driven Dialogue AI forms the basis for technologies such as ChatGPT. These technologies enable computers to interact with people in a manner that resembles person-to-person communication. The goal of the Nagoya University team was to examine how LLMs could be used to evolve prompts that encourage more diverse personality traits during social interactions.

The personalities of AIs were evolved to obtain virtual earnings by playing the prisoner's dilemma game from game theory. The dilemma consists of each player choosing whether to cooperate with or defect from their partner. If both AI systems cooperate, they each receive four virtual dollars. However, if one defects while the other cooperates, the defector gets five dollars, while the cooperator gets nothing. If both defect, they receive one dollar each.

"In this study, we set out to investigate how AI agents endowed with diverse personality traits interact and evolve," Arita explained. "By utilizing the remarkable capabilities of LLMs, we developed a framework where AI agents evolve based on natural language descriptions of personality traits encoded in their genes.

"Through this framework, we observed various types of personality traits, with the evolution of AIs capable of switching between selfish and cooperative behaviors, mirroring human behavior."


                                                                                                        
    
        
        
        
    

                                                                                                                                            In usual studies in evolutionary game theory, "genes" in the models directly determine an agent's behavior. Using the LLMs, Arita and Suzuki explored genes that represented more complex descriptions than previous models, such as "being open to team efforts while prioritizing self-interest, leading to a combination of cooperation and defection." This description was then translated into a behavioral strategy by asking the LLM whether it would cooperate or defect when it has such a personality trait.

The research used an evolutionary framework, in which AI agents' abilities were shaped by natural selection and mutation over generations. This caused a wide range of personality traits to appear.

Although some agents displayed selfish characteristics, putting their own interests above those of the community or the group as a whole, other agents demonstrated advanced strategies that revolved around seeking personal gain while still considering mutual and collective benefit.

"Our experiments provide fascinating insights into the evolutionary dynamics of personality traits in AI agents. We observed the emergence of both cooperative and selfish personality traits within AI populations, reminiscent of human societal dynamics," Suzuki said.

"However, we also uncovered the instability inherent in AI societies, with excessively cooperative groups being replaced by more 'egocentric' agents."

"This achievement underscores the transformative potential of LLMs in AI research, showing that the evolution of personality traits based on subtle linguistic expressions can be represented by a computational model using LLMs," remarked Suzuki.

"Our findings provide insights into the characteristics that AI agents should possess to contribute to human society, as well as design guidelines for AI societies and societies with mixed AI and human populations, which are expected to arrive in the not-too-distant future."
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