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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.
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            [image: Biodegradable aerogel: Airy cellulose from a 3D printer]
             
                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

										


    
        
            [image: Improving infectious disease testing with gold nanoparticles]
             
                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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            [image: Unlocking exotic physics: Exploring graphene's topological bands in super-moire structures]
             
                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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        Team develops portable swept-source Raman spectrometer for chemical and biomedical applications
        In 1928, Indian physicist Sir C. V. Raman and his colleague K. S. Krishnan discovered that when light interacts with matter, parts of the scattered light undergo changes in energy due to interaction with molecular vibrations, resulting in what is known as Raman scattering. The discovery laid the foundation for Raman spectroscopy, a technique that takes advantage of these energy changes to create a unique fingerprint of the molecular structure of the material.

      

      
        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.

      

      
        Self-assembly of complex systems: Hexagonal building blocks are better
        Complex systems in nature, like their synthetic counterparts in technology, comprise a large number of small components that assemble of their own accord through molecular interactions. Gaining a better understanding of the principles and mechanisms of this self-assembly is important for the development of new applications in domains such as nanotechnology and medicine.
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Team develops portable swept-source Raman spectrometer for chemical and biomedical applications

										

    
        
            [image: Portable swept-source Raman spectrometer for chemical and biomedical applications]
             
                SS-Raman spectroscopy employs a swept-source laser, a narrow-bandwidth bandpass filter (BPF), and a highly sensitive point photoreceiver for sample identification. These components enable the development of cost-effective portable Raman spectrometers. Credit: Journal of Biomedical Optics (2024). DOI: 10.1117/1.JBO.29.S2.S22703
            
        

    


In 1928, Indian physicist Sir C. V. Raman and his colleague K. S. Krishnan discovered that when light interacts with matter, parts of the scattered light undergo changes in energy due to interaction with molecular vibrations, resulting in what is known as Raman scattering. The discovery laid the foundation for Raman spectroscopy, a technique that takes advantage of these energy changes to create a unique fingerprint of the molecular structure of the material.



										      
         
        
        
        

      

																																	
Currently, dispersive Raman spectroscopy is the go-to method for identifying samples in a variety of fields, such as material sciences, pharmaceuticals, environmental monitoring, and biomedicine. However, the spectrometers required to capture and detect the scattered light are bulky, limiting their use outside of laboratory settings. Additionally, most handheld Raman spectrometers have been developed only for chemical analysis.

In a study published in the Journal of Biomedical Optics, researchers from the Korea Advanced Institute of Science and Technology (Republic of Korea) and the Massachusetts Institute of Technology (MIT; United States) have developed a compact swept-source Raman (SS-Raman) spectroscopy system.

The concept of SS-Raman was proposed in a previous patent but the implementation has not been done until recently due to the lack of narrow bandpass filters. This system is comparable to conventional dispersive Raman spectroscopy in its ability to identify both chemical and biological materials. The portable system addresses the limitations of current handheld spectrometers and opens doors for sample identification in biomedicine.


																																						
    
     




																																			Conventional Raman spectroscopy systems use a fixed-wavelength light source, such as a laser, to excite the sample and induce Raman scattering. In contrast, SS-Raman spectroscopy uses a swept-source laser, which emits light over a continuous range of wavelengths.

The excitation light is focused onto the sample after filtering through a short-pass filter which eliminates background noise. The scattered light is collected by a lens and filtered by a bandpass filter, which isolates only the desired Raman-shifted wavelength range. The filtered light is then detected by the highly sensitive silicon photoreceiver, which converts the optical signal into an electrical signal for sample analysis.

"The proposed SS-Raman setup uses a wavelength swept-source laser (822 to 842 nm), a narrow-bandwidth bandpass filter, and a highly sensitive point photoreceiver for acquiring Raman spectra. These components contribute to the development of compact and cost-effective Raman spectroscopy systems," notes Dr. Jeon Woong Kang from MIT, one of the corresponding authors of the study.

To evaluate the effectiveness of the system, researchers compared Raman spectra from the new system with those obtained using traditional dispersive Raman spectroscopy for various chemical and biological samples. A diverse array of chemicals, such as phenylalanine, hydroxyapatite, glucose, and acetaminophen were considered as chemical samples for obtaining Raman spectra in the range of 900 to 1,200 cm-1.


																																			For the biological sample, they scanned cross-sections of swine belly slices. The Raman spectra obtained from the proposed SS-Raman spectroscopy system closely resembled those obtained from traditional dispersive Raman spectroscopy with correlation coefficients ranging from 0.73 to 0.91, indicating its feasibility for identifying both types of samples.

Notably, in Raman spectroscopy systems, a significant expense comes from the need for high-quality filters and light sources. The SS system faced similar challenges, with background noise and the Raman spectra displaying broad peaks due to the bandpass filter.

To keep costs low, the researchers applied a signal processing method to the system. Gaussian filters were used to eliminate the ripple noise introduced by the unstable laser output. A deconvolution method was employed to sharpen the peaks in the Raman spectra and improve their resolution. Furthermore, polynomial background removal was utilized to eliminate the background noise arising from the low optical density of the filters.

Overall, the proposed system sets the stage for future developments in miniaturizing Raman spectroscopy for both chemical and biological analysis. However, there's still room for improvement, particularly in reducing the sample acquiring time, which currently takes over 40 seconds. To measure biological samples in less than a second, the researchers are developing a multichannel SS-Raman system equipped with multiple detectors and bandpass filters, which would hopefully enable the analysis of a wider range of molecules in the same amount of time for more diverse applications.



																																																					
																				
																						More information:
												Jeonggeun Song et al, Swept-source Raman spectroscopy of chemical and biological materials, Journal of Biomedical Optics (2024). DOI: 10.1117/1.JBO.29.S2.S22703
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New focused approach can help untangle messy quantum scrambling problems

										

    
        
            [image: A Focused Approach Can Help Untangle Messy Quantum Scrambling Problems]
             
                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.
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                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.



																																																					
																				
																						More information:
												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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												M. Hollenbach et al, Ultralong-Term High-Density Data Storage with Atomic Defects in SiC, Advanced Functional Materials (2024). DOI: 10.1002/adfm.202313413
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                Illustration of the model. Credit: Physical Review X (2024). DOI: 10.1103/PhysRevX.14.021004
            
        

    


Complex systems in nature, like their synthetic counterparts in technology, comprise a large number of small components that assemble of their own accord through molecular interactions. Gaining a better understanding of the principles and mechanisms of this self-assembly is important for the development of new applications in domains such as nanotechnology and medicine.



										      
         
        
        
        

      

																																	
Professor Erwin Frey, Chair of Statistical and Biological Physics at LMU and member of the ORIGINS Excellence Cluster, and his research fellow Dr. Florian Gartner have now investigated an aspect of self-assembly that has received little attention before now: What role do the shape and the number of possible bonds between particles play?

As the researchers report in the journal Physical Review X, their results show that hexagonal morphologies--in other words, six-sided structures--such as molecules with six binding sites are ideal for self-assembly.

Scaling phenomena pique interest of researchers

"When we investigated a general model of self-assembly, we observed that the assembly time increased with the size of the target structure," recounts Gartner. "This made us wonder if the shape of the particles could have a considerable influence on how quickly the requisite assembly time increases with the size of the target structure and therefore how efficient the self-organization processes can be. This scaling of the assembly time with target structure size defines what we call the time complexity of self-assembly."

Pursuing this thought, the scientists developed a mathematical model to analyze the behavior of the system during self assembly. Their results demonstrate that the morphology of the building blocks do in fact play an important role.

By factoring in the scaling and kinetics of the systems, among other aspects, Frey and Gartner were able to show that hexagonal shapes offer considerable advantages for self-assembly. For example, the assembly of structures made up of a thousand building blocks can be almost four orders of magnitude faster with hexagonal building blocks compared to triangular ones.

This hexagon principle applies generally to the morphology, which not only describes the shape of the particles but also the number and positioning of their bonds: Six possible bonds to adjacent particles proved to be ideal when assembling larger structures. This can be covalent bonds, hydrogen bridge bonds, van der Waals forces, and hydrophobic interactions.

There are also correspondences in nature for this pattern, such as the self-assembly of viral capsids. This process starts with the assembly of small, triangular parts into hexagons, which subsequently join up with pentagons to form the icosahedral structures of viral capsids.


																																						
    
     




																																			Potential applications

According to the scientists, their results furnish valuable insights for nanotechnology. The hexagon principle could be applied to optimize the self-organization of small structures into larger ones--as regards the shape of the building blocks or the possibility of bonds and adjacency relations with other particles. Through hierarchical self-assembly, for example, it could be possible to form particles with particularly advantageous morphology (hexagons for instance) in an initial assembly step in order to enhance the efficiency of the entire assembly process.

"If you understand which morphologies of the monomers lead to efficient self-assembly, you can deliberately select these shapes and avoid inefficient shapes that are slow to assemble," explains Gartner. "An example of how this strategy might be leveraged is in the synthesis of artificial viral capsids for biomedical applications."
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                Schematic of electrochemical interface under acidic 0.1 M HClO4 electrolyte (A) and alkaline 0.1 M KOH electrolyte (B) during water oxidation at ~1.5 VRHE. Credit: Journal of the American Chemical Society (2024). DOI: 10.1021/jacs.3c12011
            
        

    


Iridium oxide catalysts are effective for water oxidation making them very attractive for green technologies. A team including researchers from SANKEN (The Institute of Scientific and Industrial Research) at Osaka University has therefore taken the closest look yet at how they work.



										      
         
        
        
        

      

																																	
In a study published in the Journal of the American Chemical Society the team used spectroscopy to reveal how the chemical species involved in iridium oxide-catalyzed oxygen evolution reaction (OER) interact with the solution around them.

The OER is important in many clean energy processes such as turning carbon dioxide into usable liquid fuels and generating green hydrogen from the electrolysis of water. Both processes will be crucial in a future without fossil fuels. Therefore, thoroughly understanding the OER is an important research focus.

Catalytic processes can be complex with various intermediate species involved in getting from the starting material to the desired product. Operando techniques allow these intermediates to be investigated using spectroscopy during the reaction, providing a window into what is actually happening.

Using an electrode with an iridium oxide surface, the researchers investigated the oxidation of water molecules in solutions with different pH values.

"Interaction between the electrode surface and the oxygenated intermediates is key to the efficiency of the OER, so optimizing the catalyst material has generally been the focus," explains senior author Reshma R. Rao from Imperial College London.


																																						
    
     




																																			"However, the observations to date have left unanswered questions, so we have taken a closer look at the solution side of the interface using operando UV-Vis spectroscopy, X-ray absorption spectroscopy, and surface-enhanced infrared spectroscopy."

To achieve efficient reaction, binding of reaction intermediates to the electrode must be just right to allow the intermediates to interact with the electrode, but not be so strong that they get stuck to the electrode and can't react. The researchers found that the binding was controlled by long-range interactions between the intermediates through the solution and this depended on the pH.

In alkaline conditions, water near the electrode influenced the long-range interactions between the oxygenated species, which affected their binding to the surface. So, although the intermediates bound more strongly at higher pH, the interactions facilitated by interfacial water destabilizes the oxygenated species and allows the reaction to take place.

"Using operando spectroscopy and complementary techniques to get a direct look at the species involved has allowed us to broaden the understanding of catalyst performance beyond electrode binding," says senior author Yu Katayama. "We believe that such insight will be the key to optimizing the kinetics of the OER."

The findings will contribute to increasing the efficiency of water oxidation for green hydrogen production. In addition, combining operando spectroscopy with complementary techniques may be useful for understanding the catalysis of many other processes.
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Scientists from the University of Oulu (Finland) and Texas A&M University (U.S.), have developed a new method to study how proteins interact with small ligand molecules, paving the way, for example, for faster and more efficient drug discovery.



										      
         
        
        
        

      

																																	
This interaction, known as protein-ligand interaction, is crucial for many biological processes, but studying it has traditionally been slow and insensitive. The new method, described in the Journal of the American Chemical Society, combines two advanced techniques to overcome these limitations.

A method has the potential to revolutionize our understanding of protein interactions as part of cells' continuous communication. These interactions and the disruptions that may occur can play a significant role for example in the development of autoimmune diseases and neurodegenerative diseases such as Alzheimer's Disease. For instance, dysfunctional interactions can also lead to aggressive cell growth and cancer.

"The method we have developed could significantly speed up the development of new drugs and help us to understand the mechanisms of many diseases much better," says Dr. Otto Mankinen from the NMR Research Unit, University of Oulu.

Fast and detailed analysis

The first technique, Dissolution Dynamic Nuclear Polarization (d-DNP) hyperpolarization, acts like a signal amplifier, significantly enhancing the signal of the ligand molecule under investigation. Especially when studying low amounts of substances and low abundance nuclei such as carbon-13, hyperpolarization is a crucial tool to make signal observable.


																																						
    
     




																																			The second technique, Ultrafast NMR, allows the use of hyperpolarization in measurement of multidimensional NMR data. Conventionally measured multidimensional NMR measurements require multiple repetitions to collect full data.

In the ultrafast approach, one of the dimensions is encoded along the sample volume in layers, with a method called spatial encoding. After the encoding, the information is read with the principles of Magnetic Resonance Imaging (MRI). In this case the NMR spectrum was spatially encoded and then the attenuation of signal in time was monitored for multiple spectral peaks.

By combining these techniques, researchers can now obtain detailed information about protein-ligand binding in a single experiment for multiple ligand signals. Conventional approach is limited to a single signal per measurement. This opens doors for more efficient drug discovery by allowing scientists to better understand how potential drug molecules interact with their protein targets.



																																																					
																				
																						More information:
												Chang Qi et al, Measuring Protein-Ligand Binding by Hyperpolarized Ultrafast NMR, Journal of the American Chemical Society (2024). DOI: 10.1021/jacs.3c14359
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A new method for storing and processing hydrogen chloride

										

    
        
            [image: Researchers develop new method for storing and processing hydrogen chloride]
             
                Vapor pressure of the bichloride ionic liquid in comparison to the trichloride ionic liquid, pressure-liquefied HCl, and pressure-liquefied Cl2. (A) Reversible storage and release of hydrogen chloride using the bichloride system. (B) The temperature-dependent HCl vapor pressure of the bichloride system dependent on the HCl loading (left) and, for comparison, the temperature-dependent vapor pressures of the trichloride, gaseous HCl, and gaseous Cl2 (right). Credit: Science Advances (2024). DOI: 10.1126/sciadv.adn5353
            
        

    


A research team at Freie Universitat Berlin has successfully developed a method for storing and electrolyzing gaseous hydrogen chloride in the form of an ionic liquid. The method allows the hydrogen chloride created as a by-product in traditional chlorination processes to be recovered and recycled in a safer manner.



										      
         
        
        
        

      

																																	
This development also represents an important contribution toward making the chemical industry more sustainable and offering alternative energy solutions. The results of the study were recently published in the journal Science Advances under the title "Bichloride-Based Ionic Liquids for the Merged Storage, Processing, and Electrolysis of Hydrogen Chloride."

Hydrogen chloride (HCl) is an important by-product of the chemical industry--and can be electrolyzed to generate hydrogen and chlorine. Chlorine is one of the most important base chemicals, required for the production of indispensable polymers such as polyurethanes and polycarbonates, while hydrogen could be the key to the energy of the future.

However, for this processing to occur, HCl must first be transported securely from industrial manufacturing plants to special electrolysis facilities powered by green energy. Due to the technically demanding nature of its secure transportation, such applications for HCl have largely been avoided to date. As such, the potential of this valuable resource has only been partially realized thus far.

Led by inorganic chemistry professor Sebastian Hasenstab-Riedel and in collaboration with partners from Technische Universitat Berlin, a team of researchers at Freie Universitat Berlin has developed a secure method of storing HCl. By converting it into an ionic liquid, hydrogen chloride can be handled more safely in its anhydrous (water-free) state.


																																						
    
     




																																			The researchers discovered that HCl gas can be safely bound to the salt triethylmethylammonium chloride to create an ionic liquid called "bichloride" under ambient conditions. It can then also be safely released from this bichloride following transportation or storage. This approach is not only safer than traditional techniques, its electrolysis also promises to be more energy efficient than traditional systems. Moreover, the bichloride can also be used to synthesize other base chemicals that can then be used to manufacture plastics or silicones.

"Chlorine and hydrogen chloride are gaining in importance when it comes to ushering in a more sustainable future for the energy-intensive chemical industry," says Hasenstab-Riedel. He emphasizes that the technology developed by his team offers ideal conditions for storing and transporting hydrogen chloride in a cost-effective and secure manner.

"This represents an important step toward producing chlorine in a more sustainable way, for example, with electricity produced through renewable energy," says Hasenstab-Riedel. In addition, due to the industrial significance of chlorine, this system could also play an important role in stabilizing the power grid, thus supporting a transition to more sustainable energy practices. The ability to store hydrogen chloride as ionic liquids paves the way for a more sustainable way of performing fundamental chemical processes.



																																																					
																				
																						More information:
												Gesa H. Dreyhsig et al, Bichloride-based ionic liquids for the merged storage, processing, and electrolysis of hydrogen chloride, Science Advances (2024). DOI: 10.1126/sciadv.adn5353
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      Read the latest science news from Phys.org on biology, evolution, microbiology, biotechnology


      
        Factors impacting yield and size of day-neutral strawberries
        Strawberries are a vital crop for California, the leading producer of fresh market strawberries in the United States, with a production value of more than $2 billion in 2021. The Central Coast region, encompassing areas like Watsonville and Salinas, plays a pivotal role in strawberry production, contributing significantly to the state's overall production.

      

      
        New fossil dolphin identified
        University of Otago researchers have formally identified and named a fossil dolphin which they discovered has a unique feeding method.

      

      
        Q&A: How do animals react to a solar eclipse?
        On April 8, many of us will be huddling behind protective glasses and feasting our eyes on a rare solar stunner. But the sun's eye-catching performance won't be the only thing on display. You may also notice our animal friends behaving oddly.

      

      
        Phosphorus fertilization boosts young almond tree growth
        Young almond orchards face numerous biotic stressors during their early growth stages, particularly when replanted in areas where old stone fruit orchards once stood. Among these challenges is the almond/stone fruit replant disease (ARD), which can significantly hinder growth and yields and is caused, in part, by a soil microbial complex.

      

      
        What four decades of canned salmon reveal about marine food webs
        Alaskan waters are a critical fishery for salmon. Complex marine food webs underlie and sustain this fishery, and scientists want to know how climate change is reshaping them. But finding samples from the past isn't easy.

      

      
        Study reports that people and environment both benefit from diversified farming, while bottom lines also thrive
        A massive new global study led by the University of Copenhagen and University of Hohenheim has examined the effects of diversified agriculture. The conclusion is abundantly clear--positive effects increase with every measure, while negative effects are hard to find.

      

      
        Rusty-patched bumblebee's struggle for survival found in its genes
        A team of researchers has uncovered alarming trends in the first range-wide genetic study of an endangered bee species. The study, led by Colorado State University and published in the Journal of Insect Science, will inform conservation and recovery efforts for the rusty-patched bumblebee--a species that was once common in the United States but has declined from about 90% of its historic range.

      

      
        The life aquatic: Why diurnal frog species kept genes adapted to night vision
        Frogs display a remarkable diversity of species as a whole, but does the same hold true for their visual abilities? A new study led by York University's Faculty of Science has sought to answer this question by collaborating with researchers in Australia, Belgium, Brazil, Cameroon, Ecuador, Equatorial Guinea, French Guiana, Gabon, Seychelles, Sweden, United Kingdom and the United States, to get a sample of a diverse array of frogs to study the visual pigments found in their eyes.

      

      
        Amphibians use scream inaudible to humans for self-defense against predators, study suggests
        A study reported in the journal acta ethologica has recorded the use of ultrasound by amphibians for the first time in South America. It also describes the first documented case of the use of ultrasound for defense against predators, in a distress call of ear-piercing intensity to many animals, but inaudible to humans.

      

      
        New research shows key molecules within nerve cells persist throughout life
        After two decades in the United States, Martin Hetzer returned home to Austria in 2023 to become the 2nd President of the Institute of Science and Technology Austria (ISTA). A year into his new role, the molecular biologist remains engaged in the realm of aging research.

      

      
        More than 80% of the EU's farming subsidies support emissions-intensive animal products
        The vast majority of the EU's agricultural subsidies are supporting meat and dairy farming rather than sustainable plant alternatives. That's the key finding of our new research, published in Nature Food, in which for the first time we were able to fully account for crops and other plants grown to feed animals.

      

      
        A natural history of the Red Sea and the uncertain future of its corals
        Early in May 2023, a small team of marine biologists arrived in the Saudi Arabian city of Jeddah. They'd flown into the local airport from Guam, the United States, Portugal, Spain and Japan, and they'd soon rendezvous with colleagues from the King Abdullah University of Science and Technology (KAUST), a research university built along the banks of the Red Sea.

      

      
        Researchers investigate possibility of collecting DNA from air-conditioning units at crime scenes
        Scientists may one day be using a new technique to potentially pick up and record key airborne forensic DNA evidence from crime scenes wiped clean of fingerprints and other trace evidence.

      

      
        Understanding how fire shapes plants can help protect them
        Fire is an important part of plant life in Australia, influencing where plants grow and how abundant a species will be.

      

      
        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.
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Factors impacting yield and size of day-neutral strawberries
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Strawberries are a vital crop for California, the leading producer of fresh market strawberries in the United States, with a production value of more than $2 billion in 2021. The Central Coast region, encompassing areas like Watsonville and Salinas, plays a pivotal role in strawberry production, contributing significantly to the state's overall production.



										      
         
        
        
        

      

																					
A recent study conducted by the University of California Cooperative Extension Office has provided valuable insights into the factors influencing fruit yield and size in day-neutral strawberry varieties Monterey and Cabrillo. The study, conducted over two growing seasons (2019-20 and 2020-21) on California's Central Coast, aimed to evaluate the effects of initial bare-root crown diameter and early-season flower cluster removal on fruit production.

The paper is published in the journal HortTechnology.

In strawberry (Fragaria xananassa), initial bare-root crown diameter and early-season flower cluster removal have been two factors suspected of influencing fruit yield and size. The study revealed that initial bare-root crown diameter and early-season flower cluster removal had minimal impact on overall fruit yield and size in both Monterey and Cabrillo varieties. While there were some variations in fruit production during the first two months of harvest, these differences did not persist throughout the season.

Although fruit quantity and size are a priority to the grower, the plant itself is the critical element in determining both of these characteristics. Two important aspects of plant management for fruit production for growers, yet not well understood for the day-neutral varieties grown on the Central Coast of California, are the role of initial bare-root crown diameter at transplanting time and the management of flowering, in particular the early removal of the flower clusters, in shifting and enhancing fruit yield and size to take advantage of more lucrative market times..

This study shows that over a 2-year period on the Central Coast in California, differences in bare-root transplant crown size or early-season flower removal in the two day-neutral varieties Monterey and Cabrillo do not result in significant differences in yield when measured over the whole season. Still, variations in yield in the first two months of production stemming from these two factors may be of use to growers seeking to modify their production during this window of time.



																														
																				
																						More information:
												Mark P. Bolda, Initial Bare-root Crown Size and Early-season Flower Cluster Removal Has Little Effect on Subsequent Plant Performance in Day-neutral Strawberry, HortTechnology (2023). DOI: 10.21273/HORTTECH05161-22
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New fossil dolphin identified
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                The Aureia rerehua fossil. Credit: University of Otago
            
        

    


University of Otago researchers have formally identified and named a fossil dolphin which they discovered has a unique feeding method.



										      
         
        
        
        

      

																																	
A paper published in the Journal of the Royal Society of New Zealand names the fossil Aureia rerehua.

Lead researcher Shane Meekin, who completed a Master of Science in the Department of Geology, says the fossil was found many years ago, but was recently identified and named after it was studied by researchers.

Aureia was found in a quarry in the Hakataramea Valley and has been housed in Otago's Geology Museum, along with other prehistoric treasures thanks to the work of the late Emeritus Professor R. Ewan Fordyce, colleagues and alumni.

It had widely splayed teeth which are thought to have clasped around fish, like a wide basket, which is unusual because other ancient dolphins in the area usually used their teeth to strike prey, Mr. Meekin says.

"When looking at the teeth of dolphins, it's natural to think the large teeth at the front and center of the mouth would be the main tools for catching prey, stabbing or slashing unfortunate fish. This is how related dolphins did appear to hunt, but Aureia looks to have taken a totally different approach, using these teeth in a more delicate manner," he notes.
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                The teeth of Aureia rerehua. A series of the best-preserved teeth A are shown along with a section of in situ teeth preserved in the left mandible B. Credit: Journal of the Royal Society of New Zealand (2024). DOI: 10.1080/03036758.2024.2314505
            
        

    



Aureia was small in size with a weak skull and flexible neck, making it capable of hunting in shallow waters.

Its name comes from the Maori word aurei, meaning cloak pins which resemble its teeth; and rerehua, meaning beautiful, "since it's an exquisitely preserved specimen."

Mr. Meekin says the discovery shows there were many fossil dolphins in one small area, which varied greatly in form.

"This shows that seemingly similar animals can coexist if they explore different ecological niches," he says. "It also further indicates that early prehistoric dolphins used many different feeding strategies to explore different niches, which is why so many different types of extinct dolphins have been retrieved from fossil localities such as Hakataramea valley."

Hakataramea is part of the Waitaki Whitestone geopark, New Zealand's first UNESCO geopark which was created due to the abundance of fossils in the area.



																																																					
																				
																						More information:
												Shane Meekin et al, Aureia rerehua, a new platanistoid dolphin from the Oligocene of New Zealand with a unique feeding method, Journal of the Royal Society of New Zealand (2024). DOI: 10.1080/03036758.2024.2314505
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                Total Solar eclipse 1999 in France. Credit: Wikipedia, by Luc Viatour.
            
        

    


On April 8, many of us will be huddling behind protective glasses and feasting our eyes on a rare solar stunner. But the sun's eye-catching performance won't be the only thing on display. You may also notice our animal friends behaving oddly.



										      
         
        
        
        

      

																																	Claire Vergneau-Grosset, a professor of zoological medicine in Universite de Montreal's Faculty of Veterinary Medicine, answered our questions about how the total eclipse may disrupt wildlife routines.

What is the theory behind changes in animal behavior during a solar eclipse?

Most reports of animal behavior during an eclipse are anecdotal, but it is clear that some animals do react unusually during solar events. When an eclipse occurs, even though it's technically daytime, many animals will start to behave as they normally would at nightfall and begin their typical evening routine.

Both solar and lunar tidal cycles are closely tied to a number of hormonal systems. Much ink has been spilled about the effects of melatonin on our sleep cycles, for example. But melatonin also helps regulate many other important hormonal systems in the animal kingdom, including reproductive activity, molting, hunting and feeding habits. Light levels can therefore affect wildlife responses in a variety of ways.

But behavioral changes that manifest during an eclipse are transient, so it's hard to study them or identify patterns.

What types of unusual behaviors have been reported?

Birds, mammals and even some insects have been known to exhibit atypical behaviors. For example, birds that are normally active during the day will stop singing, just as they do at dusk. Some frogs will start their evening croaking. Bats may also wake up and take wing as if night had fallen. One report describes hippos in Africa beginning to withdraw from their daytime riverbeds during an eclipse. Some species of arthropods in South America have been seen breaking down their webs, which they normally do in the evening.

Basically, these are all typical behaviors; they're just not occurring when they normally would.


																																						
    
     




																																			Does exhibiting these behaviors at inopportune times place some animals at risk?

The greatest threat comes from the potential increase in human-animal interactions. Typically nocturnal animals may emerge, and diurnal species return to their dens, at times when humans are still very active. It can be dangerous for both animals and humans. For example, an increase in animal roadkill was reported in the United States during one eclipse.

Waking during an eclipse might not impact healthy bat populations but it can have a detrimental effect on bats whose systems are already weakened, such as those afflicted with white-nose syndrome. As they won't be able to feed during the short period they're active during the eclipse, they are wasting precious energy.

It is said that primates are more likely to gaze directly at the sun during an eclipse. Are they at risk of eye damage?

There have been no reports of eye damage in primates following eclipses. But if I were working with primates in a zoo, I'd give them the option of returning to their indoor enclosures during an eclipse to allow them to express their usual nocturnal behavior. But primates looking at the sun is not something that is well documented and there have been no reports of blindness. I don't think it should be cause for alarm.


																																			How long the eclipse lasts will depend on where we are. Will animal behavioral changes be more noticeable in places where the eclipse lasts longer?

It seems plausible that animals will exhibit more extended behavioral changes in areas that stay dark for longer. But the evidence is still largely anecdotal. We don't have enough hard data to back up our observations. Cold-blooded animals, such as reptiles and fish, may experience a temporary decrease in their metabolism during the eclipse, as their internal temperature is directly affected by ambient temperatures. But I doubt that brief behavioral changes, say for 15 minutes or so, will truly impact their survival. Long-term environmental changes, such as global warming, are far more likely to have lasting effects on their behavior and survival.
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Phosphorus fertilization boosts young almond tree growth
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Young almond orchards face numerous biotic stressors during their early growth stages, particularly when replanted in areas where old stone fruit orchards once stood. Among these challenges is the almond/stone fruit replant disease (ARD), which can significantly hinder growth and yields and is caused, in part, by a soil microbial complex.



										      
         
        
        
        

      

																																	
A recent study of four orchard trials examined the impact of phosphorus (P) fertilization on newly replanted almond orchards. The trials, representing various replanting practices and scenarios, consistently showed that P fertilization significantly increased trunk cross-sectional area (TCSA) growth over a two-year period. This growth benefit was observed across different almond cultivars, replanting dates, and rootstock variations.

The paper is published in the journal HortTechnology.

Phosphorus (P) has been studied widely in agriculture because of its critical role as a plant macronutrient and positive effect on the yield of many crops. In plants, P is an integral component of nucleic acids and phospholipids, and it contributes essentially to many enzymatic reactions, including those involved in cellular energy transfer. There is increasing concern regarding the contribution of P to eutrophication (excessive richness of nutrients) of water bodies.

While phosphorus fertilization did not completely mitigate the effects of ARD, the data strongly indicate that it can improve the growth of young almond orchards in diverse replant settings. In all experiments, significant gains in TCSA resulted from P fertilization in at least one of the almond cultivars within the first two years after planting, supporting the hypothesis that P fertilization can benefit the growth of replanted almond orchards. This finding underscores the importance of considering phosphorus fertilization as a general best management practice for almond producers in California.

The study challenges previous recommendations that phosphorus fertilization is unnecessary for almond orchards, except in cases of demonstrated deficiency. By recommending a specific application rate of 2.2 ounces of phosphorus per tree at or near planting, the research provides practical guidance for growers seeking to optimize orchard growth.

The research also highlights the importance of other soil management practices, such as whole orchard recycling (WOR) and preplant soil fumigation, in conjunction with phosphorus fertilization. These practices, commonly used in California almond production, can influence the effectiveness of nutrient applications and overall orchard performance.



																																																					
																				
																						More information:
												Phoebe E. Gordon et al, Phosphorus Fertilization Can Improve Young Almond Tree Growth in Multiple Replant Settings, HortTechnology (2024). DOI: 10.21273/HORTTECH05143-22
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What four decades of canned salmon reveal about marine food webs
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                A 1921 label from a Seattle-based canned fish distributor. New research uses canned fish from the past to tease out the history of marine parasites. Credit: Freshwater and Marine Image Bank/University of Washington Libraries
            
        

    


Alaskan waters are a critical fishery for salmon. Complex marine food webs underlie and sustain this fishery, and scientists want to know how climate change is reshaping them. But finding samples from the past isn't easy.



										      
         
        
        
        

      

																																	
"We have to really open our minds and get creative about what can act as an ecological data source," said Natalie Mastick, currently a postdoctoral researcher at the Peabody Museum of Natural History at Yale University.

As a doctoral student at the University of Washington in Seattle, Mastick investigated Alaskan marine food webs using a decidedly unorthodox source: old cans of salmon. The cans contained filets from four salmon species, all caught over a 42-year period in the Gulf of Alaska and Bristol Bay. Mastick and her colleagues dissected the preserved filets from 178 cans and counted the number of anisakid roundworms--a common, tiny marine parasite--within the flesh.

The parasites had been killed during the canning process, and if eaten, would have posed no danger to a human consumer. But counting anisakids is one way to gauge how well a marine ecosystem is doing.

"Everyone assumes that worms in your salmon is a sign that things have gone awry," said Chelsea Wood, a UW associate professor of aquatic and fishery sciences. "But the anisakid life cycle integrates many components of the food web. I see their presence as a signal that the fish on your plate came from a healthy ecosystem."

The research team reports in a paper published April 4 in Ecology & Evolution that anisakid worm levels rose for chum and pink salmon from 1979 to 2021, and stayed the same for coho and sockeye salmon.
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                    A highly degraded anisakid parasite recovered from canned salmon. Scale bar is 0.5 millimeters. Credit: Natalie Mastick/University of Washington
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                    A photo of an anisakid worm--circled in red--in a canned salmon filet. Credit: Natalie Mastick/University of Washington
                
            

        

    

"Anisakids have a complex life cycle that requires many types of hosts," said Mastick, who is lead author on the paper. "Seeing their numbers rise over time, as we did with pink and chum salmon, indicates that these parasites were able to find all the right hosts and reproduce. That could indicate a stable or recovering ecosystem, with enough of the right hosts for anisakids."


																																						
    
     




																																			Anisakids start out living freely in the ocean. They enter food webs when eaten by small marine invertebrates, such as krill. As that initial host gets eaten by another species, the worms come along for the ride. Infected krill, for example, could be eaten by a small fish, which in turn gets eaten by a larger fish, like salmon. This cycle continues until the anisakids end up in the intestine of a marine mammal, where they reproduce. The eggs are excreted back into the ocean to hatch and begin the cycle again with a new generation.

"If a host is not present--marine mammals, for example--anisakids can't complete their life cycle and their numbers will drop," said Wood, who is senior author on the paper.

People cannot serve as hosts for anisakids. Consuming them in fully cooked fish poses little danger, because the worms are dead. But anisakids--also known as "sushi worms" or "sushi parasites"--can cause symptoms similar to food poisoning or a rare condition called anisakiasis if ingested alive in raw or undercooked fish.

The Seafood Products Association, a Seattle-based trade group, donated the cans of salmon to Wood and her team. The association no longer needed the cans, which had been set aside each year for quality control purposes. Mastick and co-author Rachel Welicky, an assistant professor at Neumann University in Pennsylvania, experimented with different methods to dissect the canned filets and look for anisakids. The worms are about a centimeter (0.4 inches) long and tend to coil up in the fish muscle. They found that pulling the filets apart with forceps allowed the team to count worm corpses accurately with the aid of a dissecting microscope.


																																			There are several explanations for the rise of anisakid levels in pink and chum salmon. In 1972, Congress passed the Marine Mammal Protection Act, which has allowed populations of seals, sea lions, orcas and other marine mammals to recover following years of decline.

"Anisakids can only reproduce in the intestines of a marine mammal, so this could be a sign that over our study period--from 1979 to 2021--anisakid levels were rising because of more opportunities to reproduce," said Mastick.

Other possible explanations include warming temperatures or positive impacts of the Clean Water Act, Mastick added.

The stable anisakid levels in coho and sockeye are harder to interpret because there are dozens of anisakid species, each with their own series of invertebrate, fish and mammal hosts. While the canning process left the tough anisakid exterior intact, it destroyed the softer parts of their anatomy that would have allowed identification of individual species.

Mastick and Wood believe this approach could be used to look at parasite levels in other canned fish, like sardines. They also hope this project will help make new, serendipitous connections that could fuel additional insight into ecosystems of the past.

"This study came about because people heard about our research through the grapevine," said Wood. "We can only get these insights into ecosystems of the past by networking and making the connections to discover untapped sources of historical data."

Co-authors on the paper are UW undergraduate Aspen Katla, and Bruce Odegaard and Virginia Ng with the Seafood Products Association.



																																																					
																				
																						More information:
												Natalie Mastick et al, Opening a can of worms: Archived canned fish fillets reveal 40 years of change in parasite burden for four Alaskan salmon species, Ecology and Evolution (2024). DOI: 10.1002/ece3.11043
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            [image: "Drop industrial agriculture": Major study reports that people and environment both benefit from diversified farming, while bottom lines also thrive]
             
                Sheep fertilize pasture in California before crops are planted. Credit: Olivia Smith
            
        

    


A massive new global study led by the University of Copenhagen and University of Hohenheim has examined the effects of diversified agriculture. The conclusion is abundantly clear--positive effects increase with every measure, while negative effects are hard to find.



										      
         
        
        
        

      

																																	
Laura Vang Rasmussen of the University of Copenhagen can finally wipe the sweat from her brow. For the last four years, she has served as the link among 58 researchers on five continents and as lead author of a major agricultural study which gathered data from 24 research projects, along with colleague Ingo Grass of the University of Hohenheim in Germany.

The hard work has finally paid off. Their research article, published in Science, delivers a clear and well-founded message to agriculture: "Drop monoculture and industrial thinking and diversify the way you farm--it pays off," says Rasmussen, from the Department of Geosciences and Natural Resource Management.

"Our results from this comprehensive study are surprisingly clear. While we see very few negative effects from agricultural diversification, there are many significant benefits. This is particularly the case when two, three or more measures are combined. The more, the better, especially when it comes to biodiversity and food security," she explains.

The researchers see the greatest positive effects on food security, followed closely by biodiversity. Furthermore, social outcomes in the form of well-being also improved significantly.

Among the many strategies adopted, livestock diversification and soil conservation had the most positive outcomes.


																																						
    
     




																																			Yields not hampered, with clearly improved food security

According to the researcher, previous studies investigated either the socioeconomic or environmental effects of agricultural diversification. This study investigates effects across the board, with surprisingly positive results.

"Agricultural diversification has been accused of perhaps being good for biodiversity, but having a few negative aspects too--especially with regards to not being able to achieve sufficiently high yields. But what we actually see, is that there is no reduction in yield from diversified agriculture--not even when we include data from large-scale European agriculture," says Grass.

In fact, the figures demonstrate that in the case of small farms and farms with lots of cultivated land in the surroundings, more diversified agriculture can significantly promote food security. This, according to the researchers, could be due to a number of factors.

"One example is fruit trees planted in maize fields in Malawi, which can help farming families improve their food security through improved diet and nutrition. Partly because they eat the fruits themselves, and also because the trees generate extra income when their fruits are sold at market--income that provides small-scale farmers with purchasing power for other foods," says Rasmussen.


																																			Massive amount of data reveals win-win outcomes

All 58 of the study's authors participated actively in its design to attempt a robust and credible interweaving of the many data sets spread across the world--from maize production in Malawi to rubber trees in Indonesia, and from silvopastoral cattle farming in Colombia and winter wheat in Germany.

"The study unites many different situations from the many data sets that we used. In Malawi, we have data on food security expressed, for example, in the number of hungry months for small-scale farmers where they have been short of food. Such metrics are not used for, for example, large European farms, where we have yield data instead, such as winter wheat yields in Germany," explains Rasmussen. "But the point is that when we look across all datasets, our results show that applying more diversification strategies improved both biodiversity and food security, and didn't have a negative effect on yields."

The researchers also investigated which diversification strategies resulted in "pairs" of favorable "win-win" outcomes. Their data showed that strategies beneficial for biodiversity also improved food security.

They also witnessed win-wins for biodiversity and people's well-being.

Effects with and without natural areas in surroundings

To investigate whether the surrounding landscape influences the effects of diversification strategies, the study also took three different types of landscapes into account: heavily cultivated areas with very little nature, an in-between "simple" category with mixed landscapes, and areas where the landscape around farms is characterized by nature that is relatively pristine.


																																						
    
     




																																			Until now, the thesis has been that diversified agriculture would only have a very good effect on biodiversity for in-between or "simple" type landscapes, which is also where the researchers recorded the greatest effects. But in fact, the study shows that diversification strategies make good sense in many different contexts. Even in landscapes with more nature, there are positive effects to be gained with regard to biodiversity.

"It's a simple message to be able to pass on to different types of farms--whether it is small farms in South America or Africa or advanced European agriculture, there are lots of positive effects to be gained by introducing these various strategies--and very little to fear. It is very positive that so many different things can be addressed, and that, in general, positive biodiversity outcomes seem to go hand in hand with well-being and food security," says Grass.

This is backed by Professor Zia Mehrabi from the University of Colorado Boulder and Professor Claire Kremen of the University of British Columbia, who are the joint PIs of the study:

"This is an important achievement in bringing together some of the world's foremost agricultural researchers to synthesize the data needed to back policy on driving the transformations that are needed in farming landscapes," says Professor Mehrabi.

Professor Kremen observes, "The study shines a light on real-world farming conditions in many different regions and contexts worldwide. With the clear positive outcomes of these diversification strategies it suggests that governments and businesses should invest more in incentivizing farmers to adopt such strategies, which will in fact help them while also promoting agricultural sustainability and planetary health."


																																			Few negative effects may be temporary

The study found very few measurable negative effects resulting from diversification efforts. One of them was in connection with the category "non-crop-diversification," e.g., planting of trees on farms. Data show that these activities can affect farms specifically with regard to well-being or quality of life, but this may be a transitional period.

"We cannot say with certainty what is driving this, but it may be due to the increased labor required to plant and maintain trees on farmland. This could manifest itself as a negative effect on well-being. One explanation could be that it takes time to reap the rewards of having trees on farms. So, whereas planting trees takes an immediate toll on the labor requirements, it takes years before the fruits of the trees can be harvested," says Rasmussen.

Unique study design involved researchers worldwide

With 58 researchers scattered around the globe, all of whom have been involved in the design of the study and the interweaving of their 24 datasets from other studies--representing a total of 2,655 farms on five continents--the research project is quite unique.

"As far as I know, this has never been done on such a scale before. Finding common indicators for these calculations, in so many different studies and diverse data, and in such a way that we were able to integrate them, has been hard work. But I think the approach may inspire future research. That the enormous amount of data we processed provides such clear results is quite groundbreaking," says Rasmussen.


																																						
    
     




																																			Three types of surrounding landscapes

The study investigated whether the degree of natural habitat in the surrounding landscape moderates the effects of diversification:


	Cleared landscapes: <5% semi-natural habitat in a given landscape

	Simple landscapes: 5-20% semi-natural habitat in a given landscape

	Complex landscapes: >20% semi-natural habitat in a given landscape



Agricultural diversification: Strategies and practices

The research article has collected data on the effects of more than 20 different types of diversification practices within five broad categories of diversification.


	Temporal crop diversification: Rotation, rotation including >2 crops, cover cropping

	Non-crop diversification: Hedgerows, windbreaks, flower strips, beetle banks, forage strips, other non-crop diversity

	Soil conservation: Manure application, compost application, green manure application, inoculant application, biochar application, residue incorporation, mulching, nutrient mobilizing plants, other beneficial soil amendment practices

	Livestock diversification: Number of livestock species, including cattle, horses, pigs, goats, sheep, fowls, donkeys, fish, and managed bees

	Water conservation: Terracing, continuity of cover/roots, bunds, contour farming, other beneficial water conservation practices.





																																																					
																				
																						More information:
												Laura Vang Rasmussen et al, Joint environmental and social benefits from diversified agriculture, Science (2024). DOI: 10.1126/science.adj1914. www.science.org/doi/10.1126/science.adj1914
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Rusty-patched bumblebee's struggle for survival found in its genes

										


    
        
            [image: Rusty-patched bumblebee's struggle for survival found in its genes]
             
                The rusty-patched bumblebee, once common in the United States, has declined from about 90% of its former range. Researchers conducted the first range-wide genetic study of the endangered species to inform recovery efforts. Credit: Jay Watson / Wisconsin Department of Natural Resources
            
        

    


A team of researchers has uncovered alarming trends in the first range-wide genetic study of an endangered bee species. The study, led by Colorado State University and published in the Journal of Insect Science, will inform conservation and recovery efforts for the rusty-patched bumblebee--a species that was once common in the United States but has declined from about 90% of its historic range.




										      
         
        
        
        

      

																																	The rusty-patched bumblebee was the first bee species to be federally listed as endangered in 2017 through the U.S. Endangered Species Act. Its numbers dropped rapidly starting in the late 1990s, likely due to a combination of pesticides, pathogens, habitat loss and degradation, and climate change.

"If that trajectory continues, this species could blink out in the next couple decades," said lead author John Mola, an ecologist and assistant professor of forest and rangeland stewardship.

The outlook is dire for remaining populations of this important pollinator, according to the in-depth genetic examination by a large team of collaborators, including federal and state agencies, universities, nonprofits and consultants.

Even in strongholds where the bee is still found, scientists observed fewer colonies than a stable species would have and a high rate of inbreeding, which can threaten the long-term viability of a species. Of the bees sampled, 15% showed evidence of inbreeding, through the presence of what are called diploid males. In bees, males are typically haploid and have only one set of chromosomes, but when they're inbred, they can have two sets of the same chromosomes and lack genetic diversity.

"When that happens, those populations essentially face a death sentence," Mola said. "They basically have incompatible genetic systems with other populations of the same species."


																																						
    
     




																																			Analysis revealed three genetically distinct populations among rusty-patched bumblebees--in the upper Midwest, central Midwest and Appalachians--that will need to be handled differently for potential recovery efforts. Understanding population differentiation is key for captive rearing programs because bees from different populations might not be genetically compatible or might not survive once they're released into the wild.

"This research is invaluable--it helps us refine healthy colony targets and shows us the importance of optimizing conservation efforts in genetically distinct areas, like the Appalachians," said co-author Tamara Smith, a wildlife biologist with the U.S. Fish and Wildlife Service.
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                Pollinators are critical for food production and support many other species. Restoration projects that benefit pollinators benefit other wildlife and landscape health in general. Credit: Jay Watson / Wisconsin Department of Natural Resources
            
        

    



Protecting pollinators

Pollinators, including bumblebees, are critical for food production and support many other species. Pollinators improve ecosystem health and resilience, and many crops and flowering plants depend on them.

"There are approximately 50 species of bumblebee in North America, but there are big differences between bumblebees in the same way that there are big differences between songbirds and hawks," Mola said. "They're not substitutable."

Decline of the rusty-patched bumblebee could be a harbinger of die-offs of other species that were once common.

"Unfortunately, we're looking at a future scenario where about one in five bumblebee species in the United States could be endangered," Mola continued.


																																			But there is hope.

The rusty-patched bumblebee's endangered listing has led to programs that restore habitat and the bee's preferred plants. Pollinator-friendly home and community gardens make a difference, too, Mola said.

"At times, there can be doom and gloom in conservation, but there are good examples of butterfly species that have been recovered through careful conservation planning," he added. "The same thing applies with bumblebees."

Additionally, restoration projects that benefit bumblebees benefit other wildlife and landscape health in general.
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                Michelle Boon, a University of Minnesota conservation biologist/entomologist and co-author of the study, collects rusty-patched bumblebees for genetic sampling. Credit: Tamara Smith, / U.S. Fish and Wildlife Service
            
        

    



Project partners, process

Surveying the rusty-patched bumblebee across its entire U.S. range required a vast network of collaborators with proper permits to collect genetic samples from the endangered species. Sampling involved catching the bees in nets, briefly putting them on ice and clipping off a tiny bit of leg--enough to conduct the study but not so much that it would interfere with their ability to function.

"Numerous partners recognized the importance of collecting these data, and we thank them for their contributions," Smith said.

The study was led by authors Mola, Smith, Ian Pearse (USGS), Michelle Boone (University of Minnesota), Elaine Evans (University of Minnesota), Mark Hepner (Metamorphic Ecological Research and Consulting), Robert Jean (Environmental Solutions and Innovations), Jade Kochanski (University of Wisconsin-Madison), Cale Nordmeyer (Minnesota Zoo), Erik Runquist (Minnesota Zoo), James Strange (Ohio State University), Jay Watson (Wisconsin Department of Natural Resources) and Jonathan Koch (U.S. Department of Agriculture).


																																																					
																				
																						More information:
												John M Mola et al, Range-wide genetic analysis of an endangered bumble bee (Bombus affinis, Hymenoptera: Apidae) reveals population structure, isolation by distance, and low colony abundance, Journal of Insect Science (2024). DOI: 10.1093/jisesa/ieae041
																						
																					


                               											
																					
                              										                                        
										
										
											 
												Citation:
												Rusty-patched bumblebee's struggle for survival found in its genes (2024, April 4)
												retrieved 5 April 2024
												from https://phys.org/news/2024-04-rusty-patched-bumblebee-struggle-survival.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-rusty-patched-bumblebee-struggle-survival.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The life aquatic: Why diurnal frog species kept genes adapted to night vision

										


    
        
            [image: The life aquatic: A game changer for frog vision, but little difference between night and day, York-led study finds]
             
                The ancestor of vertebrates had five distinct visual opsins: a rod-specific opsin, RH1, found in a single type of rod cell; and four cone opsins (LWS, RH2, SWS1, and SWS2), each present in a spectrally distinct class of cone. Most amphibians have an additional photoreceptor cell type, the blue-sensitive rods (also referred to as "green rods"), which express a cone visual pigment (SWS2). The visual pigments formed by each of the different opsins absorb light maximally at different wavelengths (lmax), as illustrated by the representative absorbance plots, and even minor changes to the protein sequences can shift the sensitivity of the visual pigment and impact other aspects of visual pigment function. Cladogram of visual opsin relationships adapted from Davies et al. (2012). Pigment absorbances (in parentheses, nm) were estimated from in vitro expression with the exception of lungfish, which was measured with microspectrophotometry (MSP). Values retrieved from the following references: human (Yokoyama 2008; Davies et al. 2012), platypus (Yokoyama 2008; Davies et al. 2012), chicken (measurements shown are for pigeon; Yokoyama 2008), clawed frog (Darden et al. 2003; Yokoyama 2008), anole (Yokoyama 2008), lungfish (Hart et al. 2008), zebrafish (Yokoyama 2008), and lamprey (Davies et al. 2012). Humans and zebrafish have two copies of LWS that differ in absorbance. Zebrafish have multiple copies of RH2 that differ in absorbance (minimum and maximum values shown). Credit: Molecular Biology and Evolution (2024). DOI: 10.1093/molbev/msae049
            
        

    


Frogs display a remarkable diversity of species as a whole, but does the same hold true for their visual abilities? A new study led by York University's Faculty of Science has sought to answer this question by collaborating with researchers in Australia, Belgium, Brazil, Cameroon, Ecuador, Equatorial Guinea, French Guiana, Gabon, Seychelles, Sweden, United Kingdom and the United States, to get a sample of a diverse array of frogs to study the visual pigments found in their eyes.




										      
         
        
        
        

      

																																	
"Through this large international collaborative effort, we were able to study the pigments of frogs from all over the world who have adapted to myriad environments, and for the most part, we found this diversity is 'reflected' in the pigments in frogs' eyes," says research lead and Assistant Professor in the Department of Biology Ryan Schott.

"We saw this pattern of visual evolution being driven by differences in species that are either aquatic as adults, or that are living on the ground, or trees. On the other hand, we didn't find much of a difference with the small groups of frogs that have adapted to daytime conditions as opposed to their nocturnal cousins."

The study, published today in Molecular Biology and Evolution, examined the frog visual system by looking at the visual pigments and other genes in the eyes of a diverse selection of frogs living in vastly different light environments. Visual pigments are the molecules in the photoreceptor cells of the retina that are responsible for detecting light and then sending signals to the brain to perceive that light.



    
    
    
        
        
    
         
             
         

          

"We humans, as well as many animals, have these pigments in our eyes that actually absorb and respond to light," explains Schott, also with the Centre for Vision Research at York and former research associate with the National Museum of Natural History at the Smithsonian Institution in Washington, D.C. "It's the differences in these pigments that allow us to see at night versus in the day, and allow us to perceive color differences. So, we were interested in how these pigments have evolved in these frogs in different light environments."


																																						
    
     




																																			Schott, who studies the visual system of vertebrates in his lab located at York's Keele Campus, has previously looked at vision changes of southern leopard frogs as they metamorphose from aquatic tadpoles to frogs living on land, and found a lot of differences. However, the lack of difference between the diurnal and nocturnal frogs came as a surprise. While it is possible that differences were not captured in the method of research, Schott says their evolutionary heritage may provide an alternate explanation.

"Most frogs are nocturnal, and so ancestrally, they really have this visual system that's adapted to these nocturnal environments," he says. "This is probably suggesting that even the diurnal animals need these adaptations to survive because of course, they could say, get woken up in the night by a predator and then need to use their visual system to escape."



																																																					
																				
																						More information:
												Ryan K Schott et al, Diversity and Evolution of Frog Visual Opsins: Spectral Tuning and Adaptation to Distinct Light Environments, Molecular Biology and Evolution (2024). DOI: 10.1093/molbev/msae049
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            [image: Amphibians use scream inaudible to humans for self-defense against predators, study suggests]
             
                The leaf litter frog (Haddadus binotatus) emits a distress call at frequencies that humans cannot hear but predators can. Credit: Henrique Nogueira
            
        

    


A study reported in the journal acta ethologica has recorded the use of ultrasound by amphibians for the first time in South America. It also describes the first documented case of the use of ultrasound for defense against predators, in a distress call of ear-piercing intensity to many animals, but inaudible to humans.




										      
         
        
        
        

      

																																	"Some potential predators of amphibians, such as bats, rodents and small primates, are able to emit and hear sounds at this frequency, which humans can't. One of our hypotheses is that the distress call is addressed to some of these, but it could also be the case that the broad frequency band is generalist in the sense that it's supposed to scare as many predators as possible," said Ubirata Ferreira Souza, first author of the article. The study was part of his master's research at the State University of Campinas's Institute of Biology (IB-UNICAMP) in Sao Paulo state, Brazil.

Another hypothesis is that the scream is meant to attract another animal to attack the predator which is threatening the amphibian, in this case, the leaf litter frog (Haddadus binotatus), a species endemic to the Brazilian Atlantic Rainforest.

The researchers recorded the distress call on two occasions. When they analyzed the sound using special software, they found that it had a frequency range of 7 kilohertz (kHz) to 44 kHz. Humans cannot hear frequencies higher than 20 kHz, which are classed as ultrasound.

While emitting its distress call, this frog makes a series of movements typical of defense against predators. It raises the front of its body, opens its mouth wide and jerks its head backward. It then partially closes its mouth and emits a call that ranges from a frequency band audible to humans (7 kHZ-20 kHz) to an inaudible ultrasound band (20 kHz-44 kHz).

"In light of the fact that amphibian diversity in Brazil is the highest in the world, with more than 2,000 species described, it wouldn't be surprising to find that other frogs also emit sounds at these frequencies," said Mariana Retuci Pontes, a co-author of the article and a Ph.D. candidate at IB-UNICAMP.


																																						
    
     




																																			Use by another species

The use of this strategy by another species may have been accidentally discovered by Pontes herself. In January 2023, during a visit to the Upper Ribeira State Tourism Park (PETAR) in Iporanga, Sao Paulo state, Pontes saw on a rock an animal that was probably a Hensel's big-headed frog (Ischnocnema henselii), although she did not collect the animal to identify the species precisely.

Holding the frog by the legs in an attempt to take a photograph, she was surprised to find that its defensive movement and distress call closely resembled those of H. binotatus. A lancehead pit viper (Bothrops jararaca) was a few feet away, apparently confirming the hypothesis that this behavior is a response to predators.

She was able to record a video but could not analyze the soundtrack to confirm the presence of the ultrasound frequency band. Taking hold of a frog's legs is a move typically used by researchers to simulate an attack by a predator, according to the documentation for H. binotatus.

"Both species live in leaf litter, are similar in size [between 3 cm and 6 cm], and have similar predators, so it's possible that I. henselii also uses this distress call with ultrasound to defend itself against natural enemies," said Luis Felipe Toledo, last author of the article and a professor at IB-UNICAMP. He is principal investigator for the project "From the natural history to the conservation of Brazilian amphibians."


																																			The first time Toledo suspected that H. binotatus emitted sounds at frequencies too high for humans to hear was in 2005 when he was a Ph.D. candidate at Sao Paulo State University's Institute of Biosciences (IB-UNESP) in Rio Claro. However, he was unable to verify frequencies above 20 kHz owing to limitations of the equipment available at the time.

There are also recordings of ultrasound calls by three Asian amphibian species, but the frequencies concerned are used for communication between individuals of the same species. In mammals, ultrasound use is common among whales, bats, rodents and small primates. Its use by amphibians for self-defense against predators was unknown until the study by Souza et al.

The researchers now plan to address a number of questions raised by the discovery, such as which predators are sensitive to the distress call, how they react to it, and whether the call is intended to scare them or to attract their natural enemies. "Could it be the case that the call is meant to attract an owl that will attack a snake that's about to eat the frog?" Souza wondered.


																																																					
																				
																						More information:
												Ubirata Ferreira Souza et al, Ultrasonic distress calls and associated defensive behaviors in Neotropical frogs, acta ethologica (2024). DOI: 10.1007/s10211-023-00435-3
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                RNA and DNA are indicated with gray (EU; 5-ethynyluridine) and blue (DAPI) staining, respectively. Visible brain regions include the olfactory bulb (OB), rostral migratory stream (RMS), subventricular zone (SVZ), and the dentate gyrus (DG). Credit: Zocher et al./Science
            
        

    


After two decades in the United States, Martin Hetzer returned home to Austria in 2023 to become the 2nd President of the Institute of Science and Technology Austria (ISTA). A year into his new role, the molecular biologist remains engaged in the realm of aging research.



										      
         
        
        
        

      

																																	Hetzer is fascinated by the biological puzzles surrounding the aging processes in organs like the brain, heart, and pancreas. Most cells comprising these organs are not renewed throughout a human's entire life span. Nerve cells (neurons) in the human brain, for instance, can be as old as the organism, even up to more than a century, and must function for a lifetime.

This remarkable age of neurons might be a major risk factor for neurodegenerative disorders such as Alzheimer's disease. Crucial to comprehending these kinds of ailments is a deeper understanding of how nerve cells function over time and maintain control. This potentially opens doors to therapeutically counteract the aging processes of these specific cells.

The latest collaborative publication by Hetzer, Tomohisa Toda from the Friedrich-Alexander University Erlangen-Nurnberg (FAU), who is also associated with the Max Planck Center for Physics and Medicine, Erlangen, and colleagues, gives new insights into this underexplored field of intricate mechanisms.

For the first time in mammals, the study shows that RNA--an essential group of molecules important for various biological processes inside the cell--can persist throughout life. The scientists identified specific RNAs with genome-protecting functions in the nuclei of nerve cells of mice that remain stable for two years, covering their entire lives. The findings, published in the journal Science, underpin the importance of long-lived key molecules for maintaining a cell's function.


																																						
    
     




																																			Longevity of key molecules

The inside of cells is a very dynamic place. Some components are constantly renewed and updated; others stay the same their whole lives. It is like a city in which the old buildings blend in with the new ones. DNA found in the nucleus--the city's heart--for instance, is as old as the organism. "DNA in our nerve cells is identical to DNA within the developing nerve cells in our mother's womb," explains Hetzer.

Unlike stable DNA, which is constantly being repaired, RNA, especially messenger RNA (mRNA), which forms proteins upon DNA's information, is characterized by its transient nature. The cellular scope, however, extends beyond mRNA to a group of so-called non-coding RNAs. They do not turn into proteins; instead, they have specific duties to contribute to the overall organization and function of the cell. Intriguingly, their lifespan remained a mystery. Until now.

RNAs that last the whole life

Hetzer and Co. set out to decipher that secret. Therefore, RNAs were labeled, i.e. "marked," in the brains of newborn mice. "For this labeling, we used RNA analogs--structurally similar molecules--with little chemical hooks that click fluorescent molecules on the actual RNAs," explains Hetzer. This assured efficient tracking of the molecules and powerful microscopic snapshots at any given time point in the mice's lives.

"Surprisingly, our initial images revealed the presence of long-lived RNAs, in various cell types within the brain. We had to further dissect the data to identify the ones in the nerve cells," Hetzer explains. "Fruitful collaboration with Toda's lab enabled us to make sense of that chaos during brain mapping."

Collaboratively, the researchers were able to focus solely on long-lived RNAs in neurons. They quantified the molecules' concentration throughout a mouse's life, examined their composition and analyzed their positions.

While humans have an average life expectancy of around 70 years, the typical lifespan of a mouse is 2.5 years. After one year, the concentration of long-lived RNAs was slightly reduced compared to newborns. However, even after two years, they remained detectable indicating a lifelong persistence of these molecules.


																																			RNAs help protect the genome

Additionally, the scientists proved long-lived RNAs' prominent role in cellular longevity. They found out that long-lived RNAs in neurons consist of mRNAs and non-coding RNAs and accumulate near the heterochromatin--the densely packed region of the genome, typically homing inactive genes. Next they further investigated the function of these long-lived RNAs.

In molecular biology, the most effective approach to achieve this is by reducing the molecule of interest and observing its subsequent effects.

"As their name and our previous experiments suggest, these long-lived RNAs are extremely stable," says Hetzer. The scientists, therefore, employed an in vitro (outside a living organism) approach, using neuronal progenitor cells--stem cells with the capacity to give rise to neural cells, including neurons.

The model system allowed them to effectively intervene with these long-lived RNAs. A lower amount of long-lived RNAs caused problems in the heterochromatin architecture and stability of genetic material, eventually affecting the cells' viability. Thus, the important role of long-lived RNAs' in cellular longevity was clarified.

The study highlights that long-lived RNAs may function in the lasting regulation of genome stability.

"Lifelong cellular maintenance during aging involves an extended life span of key molecules like the long-lived RNAs, we just identified," Hetzer adds. The precise mechanism, however, remains unclear. "Together with unidentified proteins, long-lived RNAs likely form a stable structure that somehow interacts with the heterochromatin."

Upcoming research projects in Hetzer's lab are set on finding these missing links and understanding the biological characteristics of these long-lived RNAs.
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												S. Zocher, Lifelong persistence of nuclear RNAs in the mouse brain, Science (2024). DOI: 10.1126/science.adf3481
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The vast majority of the EU's agricultural subsidies are supporting meat and dairy farming rather than sustainable plant alternatives. That's the key finding of our new research, published in Nature Food, in which for the first time we were able to fully account for crops and other plants grown to feed animals.




										      
         
        
        
        

      

																																	
The subsidies operate through the EU's common agricultural policy (known as the CAP). This plays a critical role in shaping farming across Europe, but has been the subject of intense criticism for years.

Critics say it supports big landowners over smaller farmers, that its environmental payments represent only a small portion of the budget, and that it is vulnerable to corruption.

While some EU policymakers want to make the CAP more sustainable by including more environmental provisions, they face opposition from lobby groups and protests by farmers. But our work shows these environmental improvements are sorely needed as more than 80% of CAP funds support animal-based products.

These products overwhelmingly drive the EU's food-related greenhouse gas emissions, biodiversity loss, water consumption, air pollution, water pollution and more.


																																						
    
     




																																			Meat is cheaper than it would be in a fairer market

The CAP is the largest single EU expenditure, accounting for roughly 38% of total spending. We found that of the EU57 billion (PS49 billion) annual CAP budget, EU46 billion (PS39 billion) was directed towards animal-based products, mostly foods like beef, pork, chicken, dairy and eggs.

These estimates are from 2013--the most recent year for the food supply model we used--but the proportion of the subsidy has changed very little since then. Our estimates are higher than was previously thought because we now have a more complete picture of the subsidies that animal feed also receives.

For example, a French farmer growing wheat for pig or chicken feed will receive a subsidy for that wheat on top of the subsidy received by a livestock farmer in Denmark who imports that feed. On this basis, we show that CAP support roughly doubles for animal-based foods. For example, beef CAP subsidies increase from EU0.71/kg to EU1.42/kg once feed is included.

This does not directly translate into the price on the shelves, as there are many other distortions in the current food system. But it gives a sense of the relative difference between animal and plant products.



The result is an uneven playing field in which animal products are cheaper than they would be otherwise, thanks to the additional subsidies. It makes fruits, vegetables and nuts appear relatively more expensive than meat or dairy, which flies in the face of efforts to reduce the environmental damage of the EU's food system and to encourage healthier eating.

The global food system on its own is enough to blow past the climate targets of 1.5degC and even 2degC of warming. We'll need drastic action to transition fast enough to not only reduce this environmental impact, but to be resilient to more extreme weather driven by climate change.

Scientific consensus now shows that a shift to mainly plant-based diets is the biggest single opportunity to reduce these food-related environmental impacts, especially in high-income nations.

Such shifts may even release land to help meet climate targets and improve food security. Yet CAP subsidies are perpetuating the existing system, not helping in transitioning the system.


																																			Subsidized food is being exported away

The use of public funds in the CAP aims to ensure healthy, safe and secure food production for the EU. But these subsidies are also influencing production and consumption in other countries that import food from the EU.

We find that 12% of the CAP budget ends up subsiding the price of exports to non-EU countries. Perhaps surprisingly, much of these exports head towards higher-income nations. In fact, in 2013, the US effectively imported more CAP money via food imports from the EU than all the CAP money that went to Denmark.

It's the same for China, importing more than the money going to the Netherlands. This ultimately makes the convergence on healthy and sustainable diets at the global level more difficult.

More broadly, farmers are under huge pressure from issues such as climate-driven extreme weather and increasing production costs due to inflation. But we know that without significant green reforms--including the reform of the CAP--the increasing costs of environmental damage will make things even worse in future.

To build a food system that is more sustainable, more resilient and better for public health, farming subsidies will have to be reformed. The recent watering down of green EU policy is a step backwards, and can only be an act of self-harm over the longer term.
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                The Red Sea was created by a rift zone between Africa and Arabia, resulting in steep underwater cliffs of coral close to shore. Credit: Morgan Bennett-Smith
            
        

    


Early in May 2023, a small team of marine biologists arrived in the Saudi Arabian city of Jeddah. They'd flown into the local airport from Guam, the United States, Portugal, Spain and Japan, and they'd soon rendezvous with colleagues from the King Abdullah University of Science and Technology (KAUST), a research university built along the banks of the Red Sea.



										      
         
        
        
        

      

																																	
It was the sea that brought them here. Coral reefs in the narrow ribbon of water between Arabia and Africa are among the world's most unique. A shallow strait at the mouth of the Red Sea, called the Bab-el-Mandeb--or Gate of Tears--has kept its marine occupants partially isolated for millions of years, leading to high rates of endemism. As much as 14% of the Red Sea's corals, fishes and mollusks can be found nowhere else.

The Red Sea is also home to some of the world's most stunning reefs, and scientists have only a vague idea of what lives inside them.

"Almost everything that you see is corals and fish, but that's just what's on the surface," said Gustav Paulay, curator of invertebrate zoology at the Florida Museum of Natural History. "Most of the diversity is within the reef, but it's difficult to sample."

It's estimated that nearly three-fourths of all species inhabiting coral reefs worldwide have yet to be discovered, but the ongoing threats of climate change, ocean acidification and human development won't wait for scientists to catch up. If global temperatures rise 2% above the preindustrial average within the next century, as predicted by most climate models, 99% of coral reefs will likely disappear.


																																						
    
     




																																			Paulay made the long trip from Florida to Saudi Arabia to work with Susana Carvalho, a professor at KAUST's Red Sea Research Center, who uses new technology to speed up the process of biodiversity discovery in coral reefs. She takes samples of sediment or water and mixes each, blending together all the itinerant plankton, larvae and suspended tissue particles into a genetic slushy.

Special enzymes pick out the DNA strands, which Carvalho and her team then use to create a roster of all the organisms in a given sample. In the Red Sea and most other marine environments, the final tally contains glaring gaps.

"In most cases, we don't know what species or even what group we're looking at," Carvalho said. "That led us to the idea that we needed to bring in taxonomists that could document what we have and help us improve local reference collections, including DNA reference libraries. This is the only way we can take advantage of the full potential of molecular-based biodiversity assessments in the future."

Paulay had previously worked in the Red Sea and recently concluded extensive reef surveys in the nearby Arabian Sea and Gulf of Oman. Carvalho asked if he'd return for another Red Sea expedition, this one along the northwest corner of Saudi Arabia, where a vast and ambitious development project is currently underway.

So it was that Paulay and his colleagues found themselves packing large duffel bags full of scientific equipment into SUVs at KAUST before setting off on the eight-hour drive up the coast.

The ship they'd chartered to conduct coral reef surveys had two generators, and one of them was broken. Needing both, a third was bolted to the afterdeck, taking up most of the available space where the researchers would soon prepare their specimens.

It also added a significant amount of weight to the ship. This shifted its center of gravity, making it top-heavy and more likely to capsize in turbulent weather. But the waves were calm, and the sky was clear, and soon they were sailing north along the coast toward the Gulf of Aqaba.


																																			The great rift

The Red Sea is a world like no other. Beginning roughly 30 million years ago, a chasm opened between Africa and Arabia as their continental plates split apart. Water from the Indian Ocean spilled into the breach, carrying with it a retinue of primordial fish and invertebrates.

The widening rift down the Red Sea's spine forms an abyssal trench nearly 2 miles deep at its lowest point; at the bottom, a thin patina of sediment and organic debris press down on magma tubes that heat the surrounding water to temperatures in excess of 160degF. Even at a distance from these areas of tectonic activity, the water remains a balmy 68degF at the greatest depths.

"Deep seas are cold-water environments," Paulay said, adding that temperatures hover just above the freezing point of water in most places. "One of the most bizarre aspects of the deep Red Sea is its warmth."

Its shores extend for 1,400 miles, surrounded by deserts on all sides. There are no rivers that flow into the Red Sea, and more than 6 feet of water evaporates from its surface each year. The basin is refilled by the Indian Ocean through the slender Gate of Tears. Its limited connectivity to other bodies of water make the Red Sea a reservoir for salt, which precipitates and sinks to the bottom.


																																						
    
     




																																			The seafloor is dimpled with salt domes miles thick and brine pools that instantly pickle any organism unlucky enough to fall in. Nearby sulfur chimneys belch thick plumes of super-heated sulfide and metal, covering their surroundings with a dragon's hoard of manganese, gold, silver, zinc and lead worth trillions.

During the Pleistocene epoch, glaciers radiated from the poles and lowered sea level by more than 300 feet. The Red Sea repeatedly shrank and was either partially or entirely cut off from the Indian Ocean. This caused a spike in salt concentration that seems to have killed most corals in the northern half of the sea.

All but a few of the corals currently inhabiting waters around Saudi Arabia and Egypt are likely recent arrivals, moving in when sea levels rose after the last ice age 10,000 years ago. Corals repeatedly sprung up along the entire length of the sea, colonizing and adding to reef platforms created by their predecessors in eons past.

Today, the sea receives few nutrients from land, except in times of flood, making it the last place you might expect to find thriving reef communities. In normal circumstances, a lack of nutrients inhibits the growth of algae, which in turn limits the size of fish and invertebrate populations. Such environments are marine deserts, and they are especially common in the open ocean.


																																			Closer to shore, where water is shallow and light is abundant, many corals form a symbiotic relationship with algae, in which each produces vital nutrients the other needs to survive. The coral hunts using barbed stinging cells; after they've digested their food, the waste is used to fertilize their algal tenants. In return, the algae give their coral host a portion of the sugar produced through photosynthesis.

"Reefs are, in part, a response to low-nutrient conditions," Paulay said. "The symbiosis between coral and algae allows both to be more resilient to a lack of nutrients than either organism would be on their own. The northern end of the Red Sea is at the extreme end of the nutrient spectrum, which means you get vibrant corals and phenomenal water clarity."



    
    
    
        
        
    
         
             
         

          

'The Line'

The zephyr-blue water periodically burst into a panoply of bright hues as the research vessel glided over shoals and reefs. Oval patch reefs reach up from the ocean floor like pillars. Elsewhere in the vicinity, these living stalagmites are strewn with the wreckage of unwary ships whose hulls they punctured. Avoiding these and other hazards, the research team sampled from 32 locations in an arc more than 60 miles long.

In some ways, Paulay sees himself as an archivist. Species are currently disappearing hundreds to thousands of times faster than the normal background rate of extinction, and with rapid climate change and continued human expansion on the horizon, this trend shows no sign of diminishing.


																																						
    
     




																																			To Paulay, this continued decline of biodiversity is a near inevitability, and he hopes to create a record of as many species as possible before they are lost. With any luck, the tragedy might even be temporary. If the budding science of de-extinction comes to fruition, future scientists may be able to reconstruct extinct organisms using preserved tissue and DNA, bringing them back to life.

In other scientific corners, human records of extinct animals are already among the only available portals to the past. Recently extinct island birds, like the dodo, are a stark example.

"Everything we know about those birds, other than the skeletons, is dependent on whatever explorers recorded about the animals when they were living," he said. "That's what's happening to so much of the world. Many aspects of life on Earth in the future are going to be known only from notes, imagery, specimens and genetics that are recorded today."

Paulay has created a streamlined, industrial-scale process in which teams collect whole components of an ecosystem, photograph individual specimens, sequence DNA and store everything--including the organism--for future study. The laborious task of describing new species is left for later; instead, organisms of unknown affinity are more expediently labeled as MOTUs--molecular operational taxonomic units.

Using these methods, Paulay and his colleagues have documented as much as 2% of the known diversity of marine invertebrates during seven surveys conducted over a single year.


																																			These assessments of biodiversity are especially important in areas zoned for nearby development. Just a few miles inland from the expedition's midpoint, construction crews were busy digging the foundations for a city unlike anything ever attempted by humans.

The city's design consists of two parallel rows of skyscrapers that rise from the banks of the Red Sea and extend at a right angle 150 miles into the desert. In early plans for the city, the towers are each designed to be 1,600 feet tall, with a small gap less than 700 feet wide in between, crisscrossed by arches above and connected by a subterranean railway system below.

The city, simply called "The Line," is designed to run entirely on renewable energy and will feature short commutes, nature parks and a complete absence of cars.

The monumental project is just one part of a much broader development and stimulus initiative, called Vision 2030, announced by King Salman in 2016. It includes plans for new mountain and island resorts, a floating port city on the Red Sea, revitalization projects in 12 cities across the country, and expansive wind and solar farms to power it all.

Before building in areas near the sea, officials want to have a better idea of what lives inside it. Taking full stock of any reef would be a leviathan task, but it's especially difficult in the Red Sea. Iconic coral formations like the Great Barrier Reef and the Caribbean's network of fringe reefs have historically received the lion's share of scientific attention.


																																						
    
     




																																			What little is known of the Red Sea's inhabitants often doesn't hold up to scrutiny. What is considered to be one species can turn out to be several, a recurring pattern that Carvalho compared to nesting Matryoshka dolls. "You take one and realize there's another and another," she said.

This aura of uncertainty surrounding the Red Sea's biodiversity has rapidly changed over the last decade.

When KAUST first opened its doors in 2009, it placed a strong emphasis on the assessment of marine biodiversity. The university's Red Sea Research Center attracts faculty and graduate students from around the world and is entirely dedicated to understanding life in the Red Sea and the forces that influence it.

The institute's current director, Michael Berumen, launched a series of survey expeditions in 2012. Paulay and his colleagues participated in seven of these surveys and returned home laden with specimens that are now curated and studied at the Florida Museum of Natural History.

In 2011, the nearby King Abdulaziz University in the port city of Jeddah launched the Red Sea Biodiversity Project in partnership with the Senckenberg Research Institute of Germany. One of the main goals of this project was to establish a museum collection consisting of organisms from the Red Sea. This led to a flurry of new species discoveries and the influx of more marine specialists to the area.

Other institutions and projects have recently followed, including the Reefscape Restoration Initiative launched in 2021, the nascent Global Coral R&D Accelerator Platform Foundation established in 2023, and the forthcoming Marine Life Institute, currently under construction in Triple Bay.

For anyone hoping to unravel the complexity of the Red Sea's reefs, Saudi Arabia is the place to be.


																																			A rainforest amid deserts

The crew members passed low sand dunes and hills punctuated by the occasional palm tree as they made their way north. Calm, turquoise lagoons gently dip away from the banks to the depth of a few feet before curving back up toward the elevated fringe reefs a few miles out. The lagoons and other portions of the backreef are randomly dotted with knolls of coral and miniature patch reefs, like rubble strewn about the base of a mountain range.

Toward the open sea, the reef forms small foothills, with outjutting crags of cauliflower and leaf corals. Small cliffs encrusted with stony coral stop just short of the water's surface, where they're bisected at intervals by sand chutes that fan out onto the seafloor in an alluvial amphitheater of bone, shell and sediment.

On top, the reef flattens into a broad roof pockmarked by fissures, blow holes and fish-sized tunnels. Unable to cope with dry air, the corals here grow a few inches beneath the low tide line, where the reef explodes in a firework display of color and contour.

Organ pipes extend a gaudy bouquet of green polyps above their crimson stems; fire corals weave a latticework of yellow branches sheathed in a fine layer of semi-transparent stinging hairs; and staghorn corals fork into candelabras with white, lance-like tips and stems the color of candlelight. Verdant lawns of algae spread out in all directions, tended by grazing fish and errant sea urchins.

All of this is mere window dressing compared to the inventory of plants and animals that cling to the forereef. The roof terminates in a short slope that juts out into the sea. Past this crest, the reef abruptly plunges dozens of feet into the water, creating a submarine precipice lavishly covered in living coral.


																																						
    
     




																																			"The reef is a light-driven environment, so everything grows toward the surface. It's like a forest with a canopy," Paulay said. "As a consequence of these two factors, the relief is enormous. There are towering walls and channels that just blow me away. It's a wonderland."

The crest of the forereef receives the brunt of incoming waves, and corals that grow here often consist of crusts or flattened boulders oriented into the swell, parting the onrush of seawater like a fin. There are corals that resemble gramophones, lichens, inverted umbrellas and bonsai trees. Massive clumps of Platygyra are the size and shape of elephant brains, with neon-colored grooves and ridges, while Dendronephthya overshadow the reefscape like cumulonimbus clouds perpetually frozen in the glow of sunset.
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                ARMS, short for automated Reef Monitoring Systems, allow scientists to non-destructively study organisms within coral reefs. Credit: Nico Krebs / Taiyo Onorato
            
        

    



Just above this light show, the research crew aboard the vessel split into two teams. The first would place Autonomous Reef Monitoring Systems at strategic locations along the reefs. Each device consists of PVC plates stacked on top of each other, with a space in between for invertebrates and fish to inhabit. These artificial reefs are later removed after a predetermined amount of time and taken back to the lab, where they can be used to study subtle differences within and between reefs.

The second team collected organisms using bulk sampling techniques as well as methods suited for specific groups of organisms that corresponded with each individual's area of expertise. Topside, Soma Elefanti, a graduate student from the University of Florida, dragged a long, conical net behind the ship to scoop up drifting plankton.


																																			Below, a graduate student from Japan's University of the Ryukyus peered into the hollow spires of sponges to collect the worms that live inside. And Lasley, an expert on crustaceans, sifted through the rock and rubble in search of diminutive crabs. Reef debris of a certain type is more likely to conceal crabs than others, and Lasley surveyed with a discerning eye while noting differences in crab abundance and diversity compared with other places he's worked.

"I've become a sort of connoisseur of reef rocks," he said. "I've been to places in the coral triangle where you can go out on a semi-degraded reef and find a different species of crab roughly every minute. Here you flip 10 rocks, and you might find one species of crab."

Paulay, a jack-of-all-trades, collected a bit of everything while keeping an eye peeled for the giant photosynthetic clams he has a particular fascination with. After returning to the ship, everyone discussed the highlights, showing off one eye-opening specimen after another.

"We all learn from each other, and everybody becomes a better taxonomist, a better biodiversity specialist, by doing these trips," Paulay said in an interview given during the expedition. "I think that's really important. In this day and age, that kind of talent is diminishing."

By the end of the expedition, they had collected no fewer than 6,000 specimens. Most of these will be curated at the Florida Museum of Natural History, where researchers will be able to study them and analyze their DNA. Results from this work will add to the list of known organisms in the Red Sea and make it easier for scientists like Carvalho to continue the process of documenting Red Sea biodiversity by conducting additional surveys and deploying reef-monitoring devices. If reefs continue to decline, the data will also be a crucial yardstick for assessing the severity of damage and a model for healthy reefs in future restoration work.


																																						
    
     




																																			The world's last reefs

There's a glimmer of hope for Red Sea reefs. Sea surface temperatures in the tropics have increased by 0.72degF to more than 1.8degF over the last several decades. Abnormally warm water is usually a death sentence for corals. In most areas, even a slight increase is enough to push the corals or internal algae beyond their thermal limit, causing the symbiosis to break down. Deprived of their main source of nutrition, the bone-white corals that remain slowly starve to death.

Scientists have observed thousands of such bleaching events since records were first kept in 1963, and the documented rate at which they occur is increasing in lockstep with rising temperatures.

Models predicting the future of coral reefs are grim. According to the Intergovernmental Panel on Climate Change, there may be none left a century from now, with one possible exception. Reefs in the northern Red Sea have been surprisingly resilient to global warming. Whereas most corals cop out at 1.8degF or 3.6degF above average, those in the northern Red Sea can withstand a jump of up to 10.8degF under laboratory settings. As of yet, there's no consensus on whether corals in the real world will have the same level of tolerance, but it does show they're capable of adapting.


																																			The secret of their peculiar resilience lies in the region's tumultuous past. When sea levels rose after the last ice age, the Red Sea again regained a full connection to the Indian Ocean, and corals adapted to those warm, tropical waters dispersed through the Gate of Tears and slowly made their way north. In the Gulf of Aqaba, the descendants of these first coral pioneers now live in cooler waters but are still able to survive temperature spikes that, up to this point, have mirrored the conditions of their former habitats further south.

If nothing is done to mitigate the runaway climate change that's come to define the industrial age, the Red Sea could soon harbor the world's last coral reefs.

Their health will begin to wane long before then, however. Recent research indicates the growth of coral has begun to slow as the water around them heats up. The carbon dioxide primarily responsible for changes in Earth's average temperature also isn't confined to the atmosphere. It percolates into the world's oceans, where it reacts with water and lowers the pH. This makes it harder for corals--and many other marine invertebrates--to obtain the calcium needed to grow their external skeletons.

Ignoring all other risks that threaten corals worldwide, including oil spills, development and overfishing, reefs may ultimately succumb to the ongoing shift in water temperature and nutrient availability. During the summer, the southern half of the Red Sea churns as nutrient-laden water from the Indian Ocean rises to the surfaces and inundates coastal reefs. This influx of nutrients isn't enough to damage the reefs by itself, but when combined with temperature extremes, it can be deadly. According to Carvalho, it's already causing long-term damage in the sea's southern reefs.


																																						
    
     




																																			"Some of my students and postdocs just came back from a survey 300 kilometers south of Jeddah, where the reefs were hit by a coral bleaching event in 2015 and 2016. We're now well into 2023, and the northern reefs have yet to recover."

Contingency efforts are underway. Researchers have submerged metal platforms in the Red Sea that act as coral nurseries. When a natural reef is damaged or suffers a small bleaching event, corals from these nurseries can be used to fill in the gaps and hasten recovery. Other studies have tested the efficacy of artificial reefs to help bolster the region's biodiversity. KAUST, meanwhile, launched a high-tech restoration program in 2021, with plans to build the world's largest coral nursery facility, capable of producing 400,000 corals a year.

Probiotics are another promising remedy for ailing reefs, and one in which the Red Sea figures prominently. Corals in the northern Red Sea may get their resilience to high temperatures from their photosynthetic partners. If that's the case, it may be possible to impart that same resilience to corals in different areas by administering a probiotic tincture of zooxanthellae sourced from the northern Red Sea. Genetic techniques may additionally be able to boost the thermal tolerance of corals, accomplishing in the span of decades what took millions of years for natural selection to achieve.

But none of these options is guaranteed to work. The best insurance we have for the future, Carvalho said, is protecting what we already have.


																																			"The success associated with restoration efforts is getting better, but it's still challenging at large spatial scales and expensive," she said. "We really need to focus on what we can do to protect these ecosystems and prevent them from becoming degraded in the first place. One critical step is to identify local pressures and alleviate them."

If all else fails, Paulay intends to leave behind a thorough record of what once existed. He and his colleagues have conducted marine survey expeditions in the Middle East, Southeast Asia, Hawaii and coastal Peru, among other places. He already plans to help with future surveys in the Red Sea, where reefs are--for the moment--still thriving.

"We have this window until things deteriorate further to understand," he said. "These kinds of expeditions are about that."



																																																					
																					
																					
                              										                                        
										
										
											 
												Citation:
												A natural history of the Red Sea and the uncertain future of its corals (2024, April 4)
												retrieved 5 April 2024
												from https://phys.org/news/2024-04-natural-history-red-sea-uncertain.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-natural-history-red-sea-uncertain.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Researchers investigate possibility of collecting DNA from air-conditioning units at crime scenes
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Scientists may one day be using a new technique to potentially pick up and record key airborne forensic DNA evidence from crime scenes wiped clean of fingerprints and other trace evidence.



										      
         
        
        
        

      

																																	
A new study led by Flinders University forensic science researchers and published in Electrophoresis puts the new method to the test with conventional air-conditioning units as well as a portable, commercially available air collection device regularly used to test for COVID19 and other airborne viruses in hospitals, schools and nursing homes.

"Human DNA can be found in the air after people have spoken or breathed (via saliva droplets), shed skin cells or dislodged and aerosolized from surfaces and collected for DNA analysis," says Emily Bibbo, a Ph.D. candidate at Flinders University's College of Science and Engineering.

"We may be able to use this as evidence to prove if someone has been in the room, even if they wore gloves or wiped surfaces clean to remove the evidence."

Collection of trace DNA, comprising just a few human cells, is commonly used in criminal investigations. For example, 62% of all samples processed by Forensic Science SA in 2020 were trace or touch evidence, yet success rates with this type of evidence remain poor.

However, new technologies are providing new avenues for evidence collection--including the emerging field of eDNA (environmental DNA) from solid surfaces, soil, water and air.


																																						
    
     




																																			"Our study also showed that air circulating through air-conditioning could collect human DNA which further supports the idea that human DNA can be found in the air and settle on surfaces."

The pilot study, conducted in collaboration with international experts, Dr. Duncan Taylor from Forensic Science SA and Dr. Roland van Ooorschot from the Victoria Police Forensic Services Department, focused on additional avenues for DNA collection by investigating air-conditioner units that circulate air around a room--as well as different kinds of filters at different periods of time to compare results.

Flinders University Senior Lecturer in Forensic Science Dr. Mariya Goray says biological material is routinely collected from crime scenes and exhibits, and these new methods have the potential to help identify the usual users of a room as well as visitors.

"It is very unlikely that an average offender, even with forensic awareness, could totally prevent their DNA from being released into the environment," says Dr. Goray.

"We now know that eDNA (environmental DNA) and eRNA shed from sources such as skin or saliva can be detected in the environment, including soil, ice, air and water."

The small-scale pilot project compared results from samples taken from air-conditioners in four offices and four houses at different timeframes after cleaning. The other research looked at the ability to collect human DNA from air in rooms, with and without people for different periods of time and with different types of collection filters.

Results from the studies show that human DNA can be collected on the surfaces of air-conditioner units and from the air, with air samples likely representing the more recent occupation while previous users of the room were more prevalent in air-conditioning units.

While DNA collected from air in different spaces could be done with "some optimization," the researchers recommend follow-up studies to determine the best location for air collection devices, and the appropriate time after a crime to test and acquire DNA of interest, if it is present.
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												Mariya Goray et al, Up in the air: Presence and collection of DNA from air and air conditioner units, Electrophoresis (2024). DOI: 10.1002/elps.202300227
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Understanding how fire shapes plants can help protect them
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Fire is an important part of plant life in Australia, influencing where plants grow and how abundant a species will be.



										      
         
        
        
        

      

																																	
As a result of recurring bushfires and cultural fire over millennia, many plants have developed adaptations which help them thrive in fire-prone ecosystems.

You may be familiar with the amazing new shoots that appear quickly on the trunks of many eucalypt species after fire--this is an adaptation referred to as resprouting.

Other incredible adaptations--or traits--are flowering and germination induced by fire, and thick and fibrous bark that protects plants from heat and flames.

However, fire activity is changing across the globe and testing the limits of plant adaptations. These changes to fire activity, including increases in the frequency of large fires in southern Australia, are threatening thousands of plant species.

But what about if we could predict how fire affects plant species?

If we could develop robust predictions of how plant populations change over large areas and through time, this would provide essential knowledge to make decisions about how to manage fire to protect plant species.

And what if we could generalize these predictions to species that share similar kinds of traits?

This would strengthen the evidence base for conservation management and enable more effective management of the tremendous diversity of plant life that supports life on Earth.


																																						
    
     




																																			In our new study, published in Biological Conservation, we tested if we could predict how different plant populations would change in the decades following fire.

We brought together a wealth of knowledge on the traits that plant species exhibit in response to fire, including whether or not they are stimulated to resprout or germinate by fire and how fast they grow and produce seed.

We then grouped species into categories based on these traits and made predictions for how the abundance of species in each of these groups would change based on time since the last fire.

We tested our predictions by collecting plant data across Gariwerd (the Grampians) in western Victoria, at sites that ranged from 0 to 81 years post-fire. Statistical analysis enabled us to understand how well our predictions matched what we found in the field.

We found accurate predictions of plant abundance could be made for 75% of species. For example, we correctly predicted a species dependent on regeneration from seeds, the Oyster Bay Pine, would take 80 years to peak in abundance.

Our observations of the Prickly Teatree peaking in abundance about 30 years after a fire, a species that resprouts, also conformed with predictions.

Being able to use knowledge of how plants respond to fire will help scientists, land managers and communities to make better decisions to protect plant diversity.

For example, knowing where, when, and how plants respond to fire will help land managers decide when to apply planned fires and when to enact fire suppression efforts.

Using this knowledge will only be more important as fire activity continues to change. In Gariwerd, for example, some locations have experienced five to six large fires in only a few decades.

We also identified ways that predictions about plants can be improved. Notably, by collecting more field data on plant traits in different ecosystems and under different types of bushfires and planned fires.

Continuing to develop knowledge about fire and plants will help to protect them into the future.
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												Ella Plumanns-Pouton et al, Using plant functional types to predict the influence of fire on species relative abundance, Biological Conservation (2024). DOI: 10.1016/j.biocon.2024.110555
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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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												Lukas Hoermayer et al, Mechanical forces in plant tissue matrix orient cell divisions via microtubule stabilization, Developmental Cell (2024). DOI: 10.1016/j.devcel.2024.03.009
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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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                View of a petri dish with cholera bacteria (Vibrio cholerae). Credit: Jens Meyer/University of Jena
            
        

    


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.



																																																					
																				
																						More information:
												Small RNAs direct attack and defence mechanisms in a quorum sensing phage and its host, Cell Host & Microbe (2024). DOI: 10.1016/j.chom.2024.03.010. www.cell.com/cell-host-microbe ... 1931-3128(24)00090-8
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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
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                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.
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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.
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