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        Precise stirring conditions key to optimizing nanostructure synthesis
        Stirring allows for homogenization and efficient gas exchange--this fact has been known for decades. Controlling the stirring rate during the nanocluster synthesis is pivotal in achieving nanostructures with well-defined sizes, structures, optical properties, and stability.
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                Characterization of Ag NCs obtained under different gases and stirring intensities. Credit: Small (2024). DOI: 10.1002/smll.202400306
            
        

    


Stirring allows for homogenization and efficient gas exchange--this fact has been known for decades. Controlling the stirring rate during the nanocluster synthesis is pivotal in achieving nanostructures with well-defined sizes, structures, optical properties, and stability.



										      
																					This insight was highlighted in a recent study published in Small led by Director Bartosz A. Grzybowski of the Center for Algorithmic and Robotized Synthesis within the Institute for Basic Science.

For the case study, the group chose the synthesis of fluorescent silver nanoclusters in the classical sodium borohydride/glutathione system. The researchers realized that the delivery of oxygen to the synthetic mixture at a proper time and rate can be a make-or-break factor for the result of the synthesis.

It was possible to precisely tune the properties of obtained structures--from unstable and non-fluorescent to highly fluorescent--just by controlling the stirring conditions. Even a very small change in the stirring bar size, from 25 by 12 mm to 20 by 10 mm, while keeping the same stirring rate, systematically resulted in a non-fluorescent product.

Moreover, oxygen was determined as a factor dictating the structure and functional properties of silver nanoclusters. Delivering copious amounts of oxygen using precise stirring conditions resulted in the creation of fluorescent silver nanoclusters that boast remarkable stability, which retained fluorescence for over two years.

"As a chemist, I was quite puzzled that oxygen did not simply 'ruin'/oxidize silver--instead, the fluorescence became so lasting because oxygen incorporated into the silver lattice of the forming nanoclusters," said Director Grzybowski, the head of the group.

The unprecedented stability of these silver nanoclusters may open the door for wider use in catalysis, biosensing, or bioimaging.

This study enhances the understanding of the relationship between the structure and properties of nanostructures, paving the way for a more flexible design of nanomaterials with tailored properties and broadening the scope of their potential uses.


																														
																				
																						More information:
												Olgierd Cybulski et al, Stirring-Controlled Synthesis of Ultrastable, Fluorescent Silver Nanoclusters, Small (2024). DOI: 10.1002/smll.202400306
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        Towards high quality transferred barium titanate ferroelectric hybrid integrated modulator on silicon
        Future optical communication and signal processing systems will require high-volume optical links, wherein photonic integrated devices play a key role. Si photonics is currently among the most advanced techniques for realizing low-cost PIC. However, despite their enormous potential, there remain basic restraints on light modulation in SOI waveguides. The absence of a linear EO coefficient is challenging because of the crystal structure of Si.

      

      
        The structure of sound: Network insights into Bach's music
        Even today, centuries after he lived, Johann Sebastian Bach remains one of the world's most popular composers. On Spotify, close to seven million people stream his music per month, and his listener count is higher than that of Mozart and even Beethoven. The Prelude to his Cello Suite No. 1 in G Major has been listened to hundreds of millions of times.

      

      
        The link between fuzzy images and quantum fields
        Mathematical solutions to thorny quantum problems can be found more quickly by exploiting the correspondence between the statistical methods used in deep learning and techniques for implementing quantum simulations, a team led by a RIKEN researcher has shown in a new study published in the Journal of High Energy Physics.

      

      
        Study observes that similarities between physical and biological systems might be greater than we think
        A crowd or a flock of birds have different characteristics from those of atoms in a material, but when it comes to collective movement, the differences matter less than we might think. We can try to predict the behavior of humans, birds, or cells based on the same principles we use for particles.

      

      
        New 2D quantum sensor detects temperature anomalies and magnetic fields
        Researchers at TMOS, the ARC Center of Excellence for Transformative Meta-Optical Systems, and their collaborators at RMIT University have developed a new 2D quantum sensing chip using hexagonal boron nitride (hBN) that can simultaneously detect temperature anomalies and magnetic field in any direction in a new, groundbreaking thin-film format.

      

      
        New research challenges conventional wisdom on wet surface adhesion
        Scientists at the University of Akron and the University of Pittsburgh have overturned long-held assumptions in new research that finds water can be a help for adhesion.

      

      
        Research confirms importance of symmetry in pre-ignition fusion experiments
        Researchers at Lawrence Livermore National Laboratory (LLNL) have retrospectively confirmed that implosion asymmetry was a major aspect of fusion experiments before achieving ignition for the first time at the Lab's National Ignition Facility (NIF), the world's most energetic laser.

      

      
        X-ray imagery of vibrating diamond opens avenues for quantum sensing
        When it comes to materials for quantum sensors, diamond is the best game in town, says Cornell University professor Gregory Fuchs. Now he and a team of scientists have upped diamond's game by generating exquisite imagery of diamond undergoing microscopic vibrations.
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                Credit: Light: Advanced Manufacturing (2024). DOI: 10.37188/lam.2024.031
            
        

    


Future optical communication and signal processing systems will require high-volume optical links, wherein photonic integrated devices play a key role. Si photonics is currently among the most advanced techniques for realizing low-cost PIC. However, despite their enormous potential, there remain basic restraints on light modulation in SOI waveguides. The absence of a linear EO coefficient is challenging because of the crystal structure of Si.



										      
																					Many methods have been proposed to overcome these limitations. The most commonly used method involves facilitating the Pockels effect in other materials, through which EO modulation permits the realization of excellent modulation performance without additional losses. Among them, BTO is known for its high Pockels coefficient.

In a new paper published in Light: Advanced Manufacturing, a team of researchers, led by Professor Junjia Wang from Southeast University, and Professor Guohua Dong from Xi'an Jiaotong University, have proposed a new way to transfer barium titanate onto silicon.

This study demonstrated EO modulation using the hybrid integration of BTO on a SOI waveguide structure enabled by the target transfer method. The method enables the use of optimized thickness and rotation angle to enhance the EO modulation in the SOI waveguide. The MZI device exhibited a large modulation efficiency with VpL as low as 1.67 V*cm.

The researchers summarized the advantages of their modulator saying, "We have fabricated free-standing single-crystalline BTO film based on the epitaxial growth of a BTO/Sr3Al2O6 (SAO)/SrTiO3 (STO) heterostructure, BTO/SAO heterostructures were deposited onto the STO layer via pulsed laser deposition (PLD).
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                    (a)-(c) Schematics of single crystal BTO peeling-off and transfer process from strontium titanate (STO) to the SOI substrate; (d) Cross-sectional transmission electron microscopy (TEM) image of a contact/BTO/SOI heterostructure; (e) Energy dispersive X-ray spectroscopy (EDS) element mapping of Ba element; (f) Atomic resolution scanning transmission electron microscopy (STEM) image of BTO layer. Credit: Light: Advanced Manufacturing (2024). DOI: 10.37188/lam.2024.031
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                    (a) Simulated schematic of the MZI device; (b) Optical micrograph of the MZI device at the waveguide; (c) Measured transmitted light intensity spectra at selected voltages of +0 V, +5 V and +10 V; (d) The curve is calculated with respect to different voltages, with the red line being the tangential of the curve. Credit: Light: Advanced Manufacturing (2024). DOI: 10.37188/lam.2024.031
                
            

        

    

"The free-standing films can be successfully transferred onto SOI wafers. The transfer method can improve the effective EO coefficient by changing the rotation angle of the BTO layer. Consequently, we can obtain epitaxial BTO films with excellent ferroelectricity and flexibility on top of SOI waveguides.

"We investigated the modulation efficiency of the BTO by measuring the transmission curve of the device at different bias voltages and tested the EO response of the device in the communication band. At three different voltages, the electric field affects the effective refractive index of the BTO film and thus modulates the phase of the light, the modulation efficiency VpL value as low as 1.67 V*cm."


																														
																				
																						More information:
												Mengxue Tao et al, Towards high quality transferred barium titanate ferroelectric hybrid integrated modulator on silicon, Light: Advanced Manufacturing (2024). DOI: 10.37188/lam.2024.031
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The structure of sound: Network insights into Bach's music
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                Multiple works by J.S. Bach represented as networks. Each node represents a different note, each edge a transition between notes. Credit: Suman Kulkarni
            
        

    


Even today, centuries after he lived, Johann Sebastian Bach remains one of the world's most popular composers. On Spotify, close to seven million people stream his music per month, and his listener count is higher than that of Mozart and even Beethoven. The Prelude to his Cello Suite No. 1 in G Major has been listened to hundreds of millions of times.



										      
																																	What makes Bach's music so enduring? Music critics might point to his innovative harmonies, complex use of counterpoint and symmetrical compositions. Represent Bach's music as a network, however, where each node stands for one musical note, and each edge the transition from one note to another, and a wholly different picture emerges.

In a recent paper in Physical Review Research, Dani S. Bassett, J. Peter Skirkanich Professor in Bioengineering and in Electrical and Systems Engineering within the School of Engineering and Applied Science, in Physics & Astronomy within the School of Arts & Sciences, and in Neurology and Psychiatry within the Perelman School of Medicine, and Suman Kulkarni, a doctoral student in Physics & Astronomy, applied network theory to Bach's entire oeuvre.

The paper sheds new light on the unique qualities of Bach's music and demonstrates the potential for analyzing music through the lens of networks. Such analysis could yield benefits for music therapists, musicians, composers and music producers, by giving them unprecedented quantitative insight into the structure of different musical compositions.

"This paper provides a starting point for how one can boil down these complexities in music and start with a simple representation to dig into how these pieces are structured," says Kulkarni, the paper's lead author. "We applied this framework to a dozen types of Bach's compositions and were able to observe quantitative differences in how they were structured."


																																						
    
     




																																			In 2020, Christopher Lynn, Assistant Professor in Physics at Yale, then a doctoral student in Bassett's Complex Systems Lab, developed a framework with Bassett for analyzing the information contained in complex networks that takes into account how humans perceive that information. In addition to posts on Facebook and work by Shakespeare, Lynn, who also co-authored the new paper, applied the framework to five pieces of classical music, including one by Bach.
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                Representing musical compositions as networks sheds new light on musical style. Credit: Suman Kulkarni
            
        

    



"It was really interesting just to see how our model helped us to understand the structure of those pieces," says Bassett. "From there we realized if we really wanted to say something meaningful about music more generally, you can't use a handful of pieces. You need to use a large data set."

Fortunately, Bach composed more than 1100 extant works, roughly a third of which Kulkarni, Bassett, Lynn and Sophia David, a Yale undergraduate and additional co-author, reinterpreted as networks of notes and the transitions between them. "We hear one note and then the next and the next and the next," explains Bassett. "So a song is just a sequence of pieces of information."

Two of the most crucial measures the researchers found that characterize music networks are entropy, or the level of variation in note sequences in the networks, and the degree of clustering. Networks with higher entropy, in which any given node connects to many more other nodes, contain more information, while those with lower entropy contain less information.


																																			The degree of clustering relates the extent to which the network's content subverts audience expectations: more clusters means the network matches expectations, while low clustering means the network deviates from expectations.

"Language networks have very high entropy," Bassett says. "So they are very complex--they're packing in a lot of information, but they have low divergence from our expectations. And music is sort of the opposite. It has less entropy, less complexity in general, but frequently diverges from our expectations."

Equipped with this framework for quantifying musical structure, future research can explore the relationship between different musical structures and listeners' brain activity.
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                Researchers found that entropy, or the level of variation in note sequences in the networks, meaningful described their differences. Credit: Suman Kulkarni
            
        

    



"If we understand how one person responds to different levels of complexity in a piece," Bassett points out, "that may help us guide the kinds of music that we recommend for a particular therapy."

Composers, producers and services like Spotify might also benefit from understanding how different musical structures affect the brain.

The researchers found that Bach's chorales have much lower entropy than his toccatas, pointing to a difference not just in style--chorales are simple and repetitive, while the toccatas have complex, chromatic passages--but also in purpose: sung in church, chorales are meant to spur meditation and adoration, while toccatas are designed for entertainment.

For her part, Kulkarni looks forward to applying this framework to additional genres and composers; soon, the researchers will follow up by analyzing jazz music in a similar fashion. "I'm very curious about non-Western music and I wonder what sorts of differences we'll see across these different cultural traditions," Kulkarni says.

Bassett, who once trained as a classical pianist before switching to science after suffering stress fractures in their forearms, hopes to further explore the relationship between music and language networks. "I would really like to understand what's special and different between these two ways that we communicate with one another and impact our collective affective states," Bassett shares.


																																																					
																				
																						More information:
												Suman Kulkarni et al, Information content of note transitions in the music of J. S. Bach, Physical Review Research (2024). DOI: 10.1103/PhysRevResearch.6.013136
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The link between fuzzy images and quantum fields
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                A deep-learning technique known as generative diffusion is used to generate new clear images in image processing. RIKEN-led research has now shown that a similar technique can be applied to help calculate problems in quantum field theory. Credit: 2024 RIKEN iTHEMS
            
        

    


Mathematical solutions to thorny quantum problems can be found more quickly by exploiting the correspondence between the statistical methods used in deep learning and techniques for implementing quantum simulations, a team led by a RIKEN researcher has shown in a new study published in the Journal of High Energy Physics.



										      
																																	One of the most successful theories in modern physics, quantum field theory is physicists' attempt to combine three theories--classical field physics, Einstein's special relativity and quantum mechanics--into a single mathematical model.

It has been successful in solving problems in particle physics and condensed-matter physics, but these calculations are computationally intensive and require a lot of computer power.

One way to simplify things is by treating space and time as a grid of discrete points, rather than considering them as the continuous variables they are in reality. Lattice field theory is still tricky, but it is computationally feasible since it applies advanced algorithms that take advantage of statistical interpretation.

Now, Lingxiao Wang of the RIKEN Interdisciplinary Theoretical and Mathematical Sciences Program (iTHEMS) and colleagues in the United Kingdom and Germany have shown that one such approach, known as stochastic quantization, corresponds to another statistical technique used in deep learning called generative diffusion.

"We've shown that models based on generative diffusion provide a powerful framework for exploring quantum field theories on a lattice," explains Wang.

Generative diffusion models learn by corrupting the data associated with an image or text, and then fixing it. Once the model has learned how to fix corrupt data, it can apply the reverse process to entirely random, or noisy, input, in order to generate new realistic images or sensible text.


																																						
    
     




																																			Wang and the team realized that the stochastic quantization method used in quantum field theory works in a very similar way.

"Stochastic quantization involves introducing quantum noise into the field system, which allows for a probabilistic interpretation of quantum fields," explains Wang. "This approach is useful in lattice field theory as it provides an alternative way to simulate quantum field theories on a computer."

Another way of looking at it is that while generative diffusion generates realistic data from random noise by reverse engineering noise, stochastic quantization simulates a real quantum world from a trivial one by the evolution of quantum noise.

Wang and the team demonstrated the utility of this correspondence by applying it to a specific type of lattice field theory simulation. They found solutions much faster than was possible previously.

The team intends to use their discovery to study more-complex systems. "The next step is to explore a quantum field system that has more dimensions, which is closer to our physical world," says Wang.


																																																					
																				
																						More information:
												L. Wang et al, Diffusion models as stochastic quantization in lattice field theory, Journal of High Energy Physics (2024). DOI: 10.1007/JHEP05(2024)060
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Study observes that similarities between physical and biological systems might be greater than we think
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                Distance vs topological relations. Credit: Julien Tailleur
            
        

    


A crowd or a flock of birds have different characteristics from those of atoms in a material, but when it comes to collective movement, the differences matter less than we might think. We can try to predict the behavior of humans, birds, or cells based on the same principles we use for particles.



										      
																																	This is the finding of a study published in the Journal of Statistical Mechanics: Theory and Experiment, JSTAT, conducted by an international team that includes the collaboration of MIT in Boston and CNRS in France. The study, based on the physics of materials, simulated the conditions that cause a sudden shift from a disordered state to a coordinated one in "self-propelled agents" (like biological ones).

"In a way, birds are flying atoms," explains Julien Tailleur, from MIT Biophysics, one of the authors of the research. "It may sound strange, but indeed, one of our main findings was that the way a walking crowd moves, or a flock of birds in flight, shares many similarities with the physical systems of particles."

As Tailleur explains, in the field of collective movement studies, it has been assumed that there is a qualitative difference between particles (atoms and molecules) and biological elements (cells, but also entire organisms in groups). It was especially believed that the transition from one type of movement to another (for example, from chaos to an orderly flow, known as a phase transition) was completely different.

The crucial difference for physicists in this case has to do with the concept of distance. Particles moving in a space with many other particles influence each other primarily based on their mutual distance. For biological elements, however, the absolute distance is less important.

"Take a pigeon flying in a flock: what matters to it are not so much all the closest pigeons, but those it can see." In fact, according to the literature, among those it can see, it can only keep track of a finite number, due to its cognitive limits.


																																						
    
     




																																			The pigeon, in the physicists' jargon, is in a "topological relationship" with other pigeons: two birds could be at quite a large physical distance, but if they are in the same visible space, they are in mutual contact and influence each other.
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                In a model of self-propelled particles aligning with their topological neighbors, one observes the formation of traveling bands (in green), typical of discontinuous transitions. The particle colors encode their orientations. Credit: Julien Tailleur
            
        

    



It was long believed that this type of difference led to a completely different scenario for the emergence of collective motion "Our study, however, suggests that this is not a crucial difference," continues Tailleur.

"Obviously, if we wanted to analyze the behavior of a real bird, there are tons of other complexities that are not included in our model. Our field follows an advice attributed to Einstein, namely that if you want to understand a phenomenon, you have to make it 'as simple as possible, but not simpler."

"Not the simplest possible, but the one that removes all complexity that is not relevant to the problem. In the specific case of our study, this means that the difference that is real and exists--between physical distance and topological relationship--does not alter the nature of the transition to collective motion."



    
    
    
        
        
    
            
            In the video, you can see how coherent collective motion waves emerge from the random movement of particles. Credit: Material provided by the author of the paper, Julien Tailleur
  

The model used by Tailleur and colleagues is inspired by the behavior of ferromagnetic materials. These materials have--as the name suggests--magnetic properties. At high temperature or low density, the spins (simplifying: the direction of the magnetic moment associated with electrons) are oriented randomly due to the large thermal fluctuations and are therefore disorderly. However, at low temperatures and high density, the interactions between the spins dominate the fluctuations and a global orientation of the spins emerges (imagining them as many aligned small compass needles).


																																			"My colleague Hugues Chate realized twenty years ago that, if the spins were to move in the direction in which they point, they would order through a discontinuous phase transition, with the sudden apparition of large groups of spins moving together, much like flocks of birds in the sky," says Tailleur.

This is very different from what happens in a passive ferromagnet, where the emergence of order occurs gradually. Until recently, physicists believed that biology-inspired models in which particles align with their 'topological neighbors' would also experience a continuous transition.

In the model used in the study, Tailleur and colleagues showed that, instead, a discontinuous transition is observed, even if the topological relationship instead of distance is used, and that this scenario should apply to all such models.

"Within some limits, the details of how you align is irrelevant," says Tailleur, "and our work shows that this type of transition should be generic."
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                Distance vs topological relations + traveling bands. Credit: Julien Tailleur
            
        

    



Another finding is that in the model used, stratified flows form within the larger group, which is akin to what we also observe in reality: it is rare for a mass of people to move all together in one direction; rather, we see within it the motion of finite groups, distinguishable flows that follow slightly different trajectories.

These statistical models, based on the physics of particles, can therefore also help us understand biological collective movement, concludes Tailleur.

"The road towards understanding collective motion as we see it in biology--and using it to design new materials--is still long, but we are making progress."


																																																					
																				
																						More information:
												Fluctuation-Induced First Order Transition to Collective Motion, Journal of Statistical Mechanics Theory and Experiment (2024). DOI: 10.1088/1742-5468/ad6428
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New 2D quantum sensor detects temperature anomalies and magnetic fields
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                Experimental set up of hBN quantum sensor from UTS and RMIT. Credit: RMIT University
            
        

    


Researchers at TMOS, the ARC Center of Excellence for Transformative Meta-Optical Systems, and their collaborators at RMIT University have developed a new 2D quantum sensing chip using hexagonal boron nitride (hBN) that can simultaneously detect temperature anomalies and magnetic field in any direction in a new, groundbreaking thin-film format.



										      
																																	In their paper published in Nature Communications, they detail a sensor that is significantly thinner than current quantum technology for magnetometry, paving the way for cheaper, more versatile quantum sensors.

To date, quantum sensing chips have been made from diamond as it's a very robust platform. The limitations of diamond-based sensors, though, is that they can only detect magnetic fields when aligned in the direction of the field. If unaligned, they have large blind spots. As a result, magnetometers made of diamond must contain multiple sensors at varying degrees of alignment.

This increases the difficulty of operation and, as a result, the versatility to use in different applications. In addition, the rigid and three-dimensional nature of the quantum sensor means that its ability to get close to samples that aren't perfectly smooth is restricted.

TMOS Associate Investigator Jean-Philippe Tetienne (RMIT University) and Chief Investigator Igor Aharonovich (University of Technology Sydney) and their teams are pioneering a new quantum sensing platform using hBN. These hBN crystals are made up of layers of atomically thick sheets and are flexible, which allows the sensing chips to conform to the shape of the sample being studied, getting far closer to the sample than diamond can.

Different defects exist in the hBN that produce different optical phenomena. A recently discovered carbon-based defect, the atomic structure of which remains unidentified, detects magnetic fields in any direction but until now has not been used for magnetic imaging.


																																						
    
     




																																			In an effort to determine the structure of the unidentified defect, the team ran a Rabi measurement experiment and compared the results with the well-understood boron vacancy defect that also exists in hBN. This boron vacancy defect can be used to measure temperature at a quantum level. Through this comparison, they discovered the new defect behaves as a spin half system. This half spin nature of the carbon defect is what allows for the sensor to detect magnetic fields in any direction.

The team determined that this new carbon-based half spin sensor could be controlled through electrical excitation, in the same way that the boron vacancy sensor can, and that they could be tuned to interact with one another. Energized by these discoveries, they set out to demonstrate a hBN sensing chip that could use both spin defects simultaneously to measure magnetic field and temperature. Their paper shows the first magnetic images ever taken with this unidentified isotropic sensor.

Co-first author, Sam Scholten from RMIT University says, "Optically addressable spin defects in solids form a vital toolkit in the realm of quantum materials due to their potential to be utilized as nanoscale quantum sensors and more generally as robust room temperate quantum systems.

"What makes hBN unique and exciting is its 2D form, which allows our sensors to get much closer to the sample."

Co-first author, Priya Singh from RMIT University says, "Diamond spins have been used for over a decade in biological systems as an in-situ probe. I am eager to take our hBN into the continuously moving cellular environment, where the directional independence of the sensor would be an advantage."


																																			TMOS Chief Investigator Igor Aharonovich says, "hbN has many advantages over diamond as a quantum light source for communications and sensing. In addition to its ultra-thin form factor, it can also operate as a quantum light source for communications at room temperature, where diamond often requires cryogenic cooling. hBN is also much cheaper and more accessible than diamond."

Generally, these new low-dimensional materials offer the chance of discovering new physics due to their extreme anisotropy. Potential future applications for this quantum sensing technology include in-field identification of magnetic geological features. The spin half nature of the defect will also allow for radio spectroscopy across a wider band than competing technologies.

TMOS Associate Investigator Jean-Phillipe Tetienne says, "The next step for this research is to identify what the atomic defects in the hBN are. By understanding the composition of these, we can make progress toward engineering sensor devices for optimal performance.

"I am excited about exploring the properties and opportunities of this new optical spin defect. Its spin half nature is novel in our community, and there are many questions to answer."


																																																					
																				
																						More information:
												Sam C. Scholten et al, Multi-species optically addressable spin defects in a van der Waals material, Nature Communications (2024). DOI: 10.1038/s41467-024-51129-8
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New research challenges conventional wisdom on wet surface adhesion
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                Schematic of adhesion experiments and adhesion values in dry and wet conditions during approach. Credit: Science Advances (2024). DOI: 10.1126/sciadv.adn8343
            
        

    


Scientists at the University of Akron and the University of Pittsburgh have overturned long-held assumptions in new research that finds water can be a help for adhesion.



										      
																																	Dr. Ali Dhinojwala, distinguished W. Gerald Austen Endowed Chair and H.A. Morton Professor at The University of Akron's School of Polymer Science and Polymer Engineering, led a team whose significant breakthrough--that water can unexpectedly enhance adhesion under controlled conditions--was published Aug. 7 in Science Advances.

The implications of this research are profound, particularly in biomedical applications such as bandages, health monitoring sensors for moist skin, and advanced adhesives that could replace sutures. The insights gained into leveraging surface roughness and material properties could revolutionize industries worth billions of dollars globally.

Driving on wet roads or applying adhesive tapes to damp skin are everyday challenges exacerbated by the difficulty of achieving strong adhesion on wet, rough surfaces. Traditionally, the presence of water has been seen as a hindrance, disrupting molecular bonds necessary for effective adhesion. Water tends to cling to surfaces and get trapped in surface roughness, further complicating the adhesion process.

In a significant breakthrough, Dr. Dhinojwala's team--including Dr. Tevis Jacobs from the University of Pittsburgh, Dr. Lars Pastewka from the University of Freiburg and Dr. Anirudha Sumant from Argonne National Laboratory--made their discovery in a study that involved measuring the adhesion of a soft elastomer to precisely engineered rough surfaces, revealing a complex interplay between water, surface roughness and adhesion dynamics.


																																						
    
     




																																			Dr. Dhinojwala, and graduate student Nityanshu Kumar, performed the groundbreaking underwater experiments and developed models to explain the results. The rough surfaces were chemically prepared at Argonne National Lab and were characterized down to the atomic scale at the University of Pittsburgh. Simulations of the separating interface were conducted at the University of Freiburg. The investigation was only possible through the complementary expertise of this collaborative team.

Contrary to expectations, the presence of water during contact formation initially disrupts adhesion by preventing molecular contact over nearly half of the surface area due to trapped water molecules. Moreover, the energy required to deform the elastomer and conform to the surface roughness is significantly increased in the presence of water, further reducing initial adhesion.

Surprisingly, the presence of water, which disrupts adhesion during contact formation, increased adhesion by nearly four times during detachment. With the help of analytical models and surface-sensitive spectroscopy, these results showed that water is trapped in nanometer-sized pockets. "It's hard to make contact under water because extra energy is required to squeeze out the water and you can't remove it entirely," said Dr. Jacobs, "But we were very surprised to see that the same trapped water that makes it hard to push two surfaces together, also makes it significantly harder to pull the same surfaces apart."

"These findings challenge the traditional view that water universally impedes adhesion," said Dr. Dhinojwala. "By understanding how water interacts with surface topography, we can potentially harness roughness to enhance adhesion, much like how geckos use their toe pads to climb wet surfaces."

Dr. Dhinojwala's team next intends to focus on further refining these findings to develop practical applications that capitalize on the surprising benefits of water in adhesion science.


																																																					
																				
																						More information:
												Nityanshu Kumar et al, Small-scale roughness entraps water and controls underwater adhesion, Science Advances (2024). DOI: 10.1126/sciadv.adn8343
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Research confirms importance of symmetry in pre-ignition fusion experiments
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                Joe Ralph, co-lead author and inertial confinement fusion research physicist at Lawrence Livermore National Laboratory, discusses the critical role of implosion symmetry in achieving a burning plasma state at the National Ignition Facility. Credit: Blaise Douros/LLNL
            
        

    


Researchers at Lawrence Livermore National Laboratory (LLNL) have retrospectively confirmed that implosion asymmetry was a major aspect of fusion experiments before achieving ignition for the first time at the Lab's National Ignition Facility (NIF), the world's most energetic laser.



										      
																																	The findings were recently detailed in a Nature Communications paper titled "The impact of low-mode symmetry on inertial fusion energy output in the burning plasma state." The study was co-led by LLNL inertial confinement fusion (ICF) research physicists Joe Ralph, Steven Ross and Alex Zylstra, the former lead of the Hybrid-E ICF campaign.

In 2021, indirect drive ICF experiments achieved a burning plasma state with neutron yields exceeding 170 kJ, roughly three times the record in 2019 and a necessary stage for igniting plasmas. The results were achieved despite multiple sources of degradations--including asymmetries--that led to high variability in performance. This milestone was a critical step toward achieving ignition on Dec. 5, 2022, Ralph said.

The significance of symmetry in ICF experiments, Ralph said, is like trying to fly an airplane with a heavy left wing. The relative wing weight doesn't matter much while you are still on the ground, but it makes a big difference when you try to lift off. Achieving a burning plasma is like lifting off.

"Reaching a burning plasma state was a pivotal moment for us," Ralph said. "It validated years of theoretical and experimental work and provided a solid foundation for future advancements."


																																						
    
     




																																			For the first time, the paper presents an empirical degradation factor for mode-2 asymmetry in the burning plasma regime, in addition to previously determined degradations of radiative mix and mode-1 asymmetry. The analysis demonstrates that incorporating these three degradations into the theoretical fusion yield scaling developed in 2017-2018 accounts for the measured fusion performance variability in the two highest-performing experimental campaigns on the NIF to within error.

"In our fusion experiments, achieving symmetry is crucial," Ralph said. "If the plasma is not uniformly compressed, the energy is not efficiently contained, then the performance suffers. By understanding and correcting these asymmetries, we can ensure that the conditions are just right for ignition, much like making sure your airplane is properly balanced before taking off."

The paper highlights how the team quantified the performance sensitivity to mode-2 asymmetry in the burning plasma regime and applied the results, in the form of an empirical degradation factor, to a 1D fusion performance model. Additionally, the team determined through a series of integrated 2D radiation hydrodynamic simulations that the sensitivity to mode-2 was consistent with the experimentally determined sensitivity only when including alpha-heating.

"By isolating and quantifying the mode-2 degradation, we were able to refine our models and improve the accuracy of our predictions," Ralph said. "These findings underscore the importance of continuous refinement and understanding of the variables affecting fusion performance. By identifying and accounting for these degradation factors, we have been better able to assess the performance of our experiments and make more informed decisions. This was a significant step toward achieving ignition."


																																																					
																				
																						More information:
												J. E. Ralph et al, The impact of low-mode symmetry on inertial fusion energy output in the burning plasma state, Nature Communications (2024). DOI: 10.1038/s41467-024-47302-8
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                (a) Scanning electron microscope image of the pentagonal FBAR and MW antenna. (b) Energy levels of the N-V center ground state with a nonzero field along the N-V axis, B||, along with corresponding driving fields used in this work. (c) Finite-element (COMSOL) cross-sectional model showing about one full oscillation of strain generated in the diamond for the 2.553 GHz mode used in this work. Credit: Physical Review Applied (2024). DOI: 10.1103/PhysRevApplied.22.024016
            
        

    


When it comes to materials for quantum sensors, diamond is the best game in town, says Cornell University professor Gregory Fuchs. Now he and a team of scientists have upped diamond's game by generating exquisite imagery of diamond undergoing microscopic vibrations.



										      
																																	The team, comprising researchers at the U.S. Department of Energy's (DOE) Argonne National Laboratory, Cornell and Purdue University, achieved a two-fold advance for quantum information science.

First, pulsing the diamond with sound waves, they took X-ray images of the diamond's vibrations and measured how much the atoms compressed or expanded depending on the wave frequency.

Second, they connected that atomic strain with another atomic property, spin--a special feature of all atomic matter--and defined the mathematical relationship between the two.

The findings are key for quantum sensing, which draws on special features of atoms to make measurements that are significantly more precise than we're capable of today. Quantum sensors are expected to see widespread use in medicine, navigation and cosmology in the coming decades.

Shake and spin

Scientists use spin to encode quantum information. By determining how spin responds to strain in diamond, the team provided a manual on how to manipulate it: Give the diamond a microshake in this way, and the spin shifts this much. Shake the diamond that way, and the spin shifts that much.

The research, published in Physical Review Applied, is the first time anyone has directly measured the correlation in diamond at gigahertz frequencies (billions of pulses per second).

It is also part of a larger effort in the quantum science community to precisely connect atomic strain and the associated spin in a broad range of materials. For example, researchers at Argonne and the University of Chicago previously measured spin-strain correlations in silicon carbide, another star material that researchers are engineering for quantum applications.

The group's research is supported in part by Q-NEXT, a DOE National Quantum Information Science Research Center led by Argonne.

"We're connecting two sides of an equation--the spin side and the strain side--and directly comparing what's going on in the diamond," said Fuchs, a professor in Cornell's School of Applied and Engineering Physics and a collaborator within Q-NEXT. "It was very satisfying to directly hammer both of them down."


																																						
    
     




																																			Solving the spin-strain equation

The two sides of the equation were hammered down hundreds of miles apart.

For the spin measurements, scientists at Cornell University in New York measured how spin responded to the sound waves pulsing through the diamond using a one-of-a-kind device developed by researchers at Cornell and Purdue.

For the strain measurements, Cornell graduate student and paper author Anthony D'Addario drove 700 miles to Argonne in Illinois to use the Advanced Photon Source (APS), a DOE Office of Science user facility. The 1-kilometer-circumference machine generates X-rays that allow researchers to see how a material behaves at the atomic and molecular level.

Having generated images of strain in other materials for quantum technologies, it would now do the same for diamond. The team used an X-ray beam jointly operated by the APS and Argonne's Center for Nanoscale Materials, also a DOE Office of Science user facility, to take strobe-light-like pictures of the diamond's atoms as they shook back and forth.

They focused on a particular site within the diamond: an irregularity called a nitrogen vacancy (NV) center, which consists of an atom-sized hole and a neighboring nitrogen atom. Scientists use NV centers as the basis for quantum sensors.
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                Results of mechanical Rabi measurements. Credit: Physical Review Applied (2024). DOI: 10.1103/PhysRevApplied.22.024016
            
        

    



The APS's high-resolution images enabled the team to measure the atoms' movement near the diamond's NV centers to one part in 1,000.

"Being able to use the APS to unambiguously look at or quantify the strain near the NV center as it's being modulated by these beautiful acoustic resonators developed at Purdue and Cornell--that allows us to get the story locally near the NV centers," said Argonne scientist and Q-NEXT collaborator Martin Holt, who is also an author on the paper.

"That's always been the beauty of hard X-rays: being able to look entirely through complex systems and get quantitative answers about what's inside."

With both spin and strain measurements in hand, Fuchs and team related the two in an equation that, satisfyingly, agreed with the theory.

"The most exciting part was in doing the analysis. We ended up finding a new number that related the spin and strain, and it ended up agreeing with some theory and previous measurements," D'Addario said.


																																			Acoustic engineering

Spin can be manipulated in a few ways. The most popular is to use electromagnetic waves. Using acoustic waves is less common.

But it has advantages. For one, acoustic waves can be used to manipulate spin in ways that can't be achieved with electromagnetic fields.

For another, acoustic waves can protect the quantum information encoded in the spin. Quantum information is fragile and falls apart when disturbed by its environment, a process called decoherence. One of the aims of quantum research is to stave off decoherence long enough for the information to be processed successfully.

"It's a little counterintuitive that adding sound to a system makes it better, but it's a bit like turning on a white noise generator to not hear a conversation," Holt said. "You can use the acoustic waves to protect the quantum bit from decoherence. You're shifting what the system is sensitive to in a way that protects it from these other sound processes."

There's also the advantage of miniaturization. Whereas a 1-gigahertz electromagnetic wave is roughly a foot long, a gigahertz acoustic wave is tiny, about the width of a human hair. That small wavelength allows scientists to place multiple similar devices in a small setup and still ensure that their signals won't cross each other.

"If you want there not to be a lot of discussion or interference between neighboring devices, then you can use acoustic-wave devices, which can be very confined," Fuchs said.


																																						
    
     




																																			Combining these advantages with diamond makes for a superior quantum sensor. As a host for quantum information, diamond enables long information lifetimes, can operate at room temperature and provides reliable measurements.

"I would say most people would agree with me that, for quantum sensors, diamond is king," Fuchs said.

Cross-discipline collaboration was key to the effort.

"Because of the complexity and sensitivity of these systems, there are many different things that can move quantum phenomena around," Holt said.

"Being able to carefully baseline the response to individual pieces requires correlation. That's a multidisciplinary question, and that's something that Q-NEXT is very well-suited to answer. The investment of Q-NEXT in terms of creating in-operation environments for quantum systems in these facilities is really paying off."


																																																					
																				
																						More information:
												Anthony D'Addario et al, Stroboscopic x-ray diffraction microscopy of dynamic strain in diamond thin-film bulk acoustic resonators for quantum control of nitrogen-vacancy centers, Physical Review Applied (2024). DOI: 10.1103/PhysRevApplied.22.024016
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												X-ray imagery of vibrating diamond opens avenues for quantum sensing (2024, August 7)
												retrieved 8 August 2024
												from https://phys.org/news/2024-08-ray-imagery-vibrating-diamond-avenues.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/2024-08-ray-imagery-vibrating-diamond-avenues.html



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Physics
          
          	
            Sections
          
          	
            Chemistry
          
        

      

      Space and Earth

      The latest science news on astronomy, astrobiology,  and space exploration from Phys.org.


      
        
          	
            Physics
          
          	
            Sections
          
          	
            Chemistry
          
        

      

    

  
    
      
        
          	
            Space and Earth
          
          	
            Sections
          
          	
            Biology
          
        

      

      Chemistry

      The latest news stories on chemistry, biochemistry, polymers, materials science from Phys.org


      
        
          	
            Space and Earth
          
          	
            Sections
          
          	
            Biology
          
        

      

    

  
    
      
        
          	
            Chemistry
          
          	
            Sections
          
          	
            Technology
          
        

      

      Biology

      Read the latest science news from Phys.org on biology, evolution, microbiology, biotechnology


      
        Our lakes are teeming with parasites. Why that's good... and bad
        If you're a fishing enthusiast, you may have already noticed abnormalities or parasites in the wild fish you catch. In fact, the fish we commonly find in our lakes, such as bass or trout, harbor several species of parasites. Although parasites are a natural part of ecosystems, their presence can potentially have serious consequences. But what are parasites? And what impact do these mysterious creatures have on our lakes?

      

      
        A rare aid success story has brought riches to a hardscrabble corner of the Pacific. Will it last?
        There is so much money sloshing around these days in Bougainville, an autonomous region of Papua New Guinea, the stores are running short of goods and some locals are partying until dawn.

      

      
        Great Koala Count: Aussies urged to track sightings of iconic marsupials
        CSIRO, Australia's national science agency, is calling on Australians to record koala sightings in the Koala Spotter app, to help build the most accurate national population count to date.

      

      
        Sea of opportunity: Protecting mangroves, seagrass could boost Indonesia's new climate targets
        Indonesia has signaled it could include blue carbon ecosystems--carbon-rich coastal and marine areas, like mangroves and seagrass--in its new climate targets. This shift follows years of relying heavily on the forestry and land sectors as well as the energy sector.

      

      
        Testing olfactory abilities of family dogs to learn the impacts of environmental and biological factors
        A new comprehensive study by the ethologists of ELTE Eotvos Lorand University provides valuable insights into the olfactory abilities of dogs, revealing whether certain environmental and biological factors do indeed impact their performance as previously thought. The study was published in Scientific Reports.

      

      
        Researchers calculate up to a billion birds may die in the US each year due to collisions with windows
        A team of ornithologists from the Fordham University Graduate School of Arts and Sciences, the NYC Bird Alliance, Inc, and the Max Planck Institute for Geoanthropology has found evidence that far more birds are killed by window collisions than previously thought.

      

      
        Study reveals how intermittent fasting regulates aging through autophagy
        Recent research at the Institute of Molecular Biology and Biotechnology (IMBB) of the Foundation for Research and Technology-Hellas (FORTH), at the Paris Cite University, and at the University of Graz, published today in Nature Cell Biology, sheds light on the mechanism through which spermidine regulates autophagy, a process that ensures the recycling of components within the cell, to promote the anti-aging effects of intermittent fasting.

      

      
        DNA Topoisomerase insights hold potential for drug discovery and plant protection
        Insights into the function of DNA Topoisomerase VI (Topo VI) may provide a springboard for drug discovery and crop protection.

      

      
        Scientists and rangers share knowledge to restore seagrass
        Scientists from The University of Western Australia have partnered with Indigenous rangers on a seagrass restoration project in Gathaagudu (Shark Bay) to help moderate climate change and conserve biodiversity.

      

      
        How feeding birds may be polluting local environments
        New research led by an NAU alumnus shows that backyard bird feeders, although put out with the best of intentions, is changing the chemistry of local ecosystems, including introducing a potentially harmful amount of phosphorus into the environment.

      

      
        Technology to predict the deformation of DNA origami structures induced by DNA-binding molecules
        A research team has developed a technology that can quickly predict the mechanochemical shape changes of DNA origami nanostructures. The team includes Professor Do-Nyun Kim's research team from the Department of Mechanical Engineering at The College of Engineering of Seoul National University.

      

      
        Lens-free fluorescence instrument detects deadly microorganisms in drinking water
        Researchers have shown that a fluorescence detection system that doesn't contain any lenses can provide highly sensitive detection of deadly microorganisms in drinking water. With further development, the new approach could provide a low-cost and easy-to-use way to monitor water quality in resource-limited settings such as developing countries or areas affected by disasters.

      

      
        Ten years of research shows chlamydia vaccine can save lives of wild koalas
        The largest and longest-ever survey of wild koalas has confirmed a chlamydia vaccine, developed by the University of the Sunshine Coast, can protect the animals from developing and dying from the disease.

      

      
        South Africa's controversial lion farming industry is fueling the illegal international trade in big cat bones
        A paper, "Under the lion's paw: lion farming in South Africa and the illegal international bone trade," published in Nature Conservation has uncovered concerning activities within South Africa's captive lion industry, shedding light on the urgent need for comprehensive governmental action.

      

      
        Unlocking the secrets of salt stress tolerance in wild tomatoes
        As our climate changes and soil salinity increases in many agricultural areas, finding crops that can thrive in these challenging conditions is crucial. Cultivated tomatoes, while delicious, often struggle in salty soils. Their wild cousins, however, have evolved to survive in diverse and often harsh environments.

      

      
        Mass bleaching of marine sponges largest event recorded worldwide
        A mass bleaching of more than 50 million sponges in Fiordland was the largest event of its kind ever recorded and is estimated to have cut the population by close to half, a new study reports.

      

      
        Swimming trunks: transparent tank shows paddling pachyderms
        Paddling with chunky legs and using their trunks as a snorkel, the elephants at Fuji Safari Park in Japan are taking a dip in their summer swimming pool--with each graceful movement visible thanks to a special see-through tank.

      

      
        Research findings suggest nilgai antelope are not carriers of bovine babesiosis
        Nilgai, a non-native antelope species that freely ranges Southern Texas and Northeastern Mexico, do not appear to be susceptible to infection following experimental exposure to Babesia bovis, according to recent findings by Texas A&amp;M AgriLife Research scientists.

      

      
        Predicting metabolic potential in bacteria from limited genome data
        How bacteria eat food, and what kinds of products they can make from that food, is dictated by the metabolic network of enzyme patterns encoded in their genomes. Using computational methods to learn these patterns across a large number of known bacteria allows the genome of a new bacteria to be analyzed. This reveals what kind of metabolism it is capable of--even when only partial information is provided, which is common in environmental samples.

      

      
        A review of the Epichloe festucae antifungal protein Efe-AfpA
        A research team has reviewed the mechanisms behind endophyte-mediated disease resistance in strong creeping red fescue (Festuca rubra subsp. rubra) and identified the antifungal protein Efe-AfpA produced by Epichloe festucae as a key factor against dollar spot disease caused by Clarireedia jacksonii.
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If you're a fishing enthusiast, you may have already noticed abnormalities or parasites in the wild fish you catch. In fact, the fish we commonly find in our lakes, such as bass or trout, harbor several species of parasites. Although parasites are a natural part of ecosystems, their presence can potentially have serious consequences. But what are parasites? And what impact do these mysterious creatures have on our lakes?



										      
																																	Parasites are ubiquitous organisms that use another organism for food, shelter or reproduction. In doing so, they can alter the behavior, growth, reproduction and chances of survival of the fish they infect. Parasites are often smaller than the organisms they infect. Think of a tick on a dog. Yet these tiny creatures play a major role in the balance of our lakes.

As a professor and master's student in the Department of Biological Sciences at the Universite de Montreal, we are working as part of the Canada Research Chair in the Eco-Evolution of Host-Parasite Interactions to understand how environmental changes can affect the way freshwater fish contract, manage and recover from parasitic infections. In this article we take a closer look at this small but fascinating world.

A larger-than-life role

Even though parasites play a key role in maintaining ecosystems, they are often wrongly considered to be a problem. For example, by reducing the reproduction or survival rates of certain species, parasites help to maintain reproductive balance by regulating the number of fish in a given population. This can prevent a single species from becoming dominant in a lake and avoid the ecological consequences that result from that.

Parasites are also a food source for various aquatic animals, such as cleaner fish, which feast on the small crustacean parasites on the skin of their clients. Parasites can also be used as indicators of the state of health of an environment.

Contrary to what one might think, an environment considered healthy in biological terms is generally an environment rich in different types of parasites. The same parasite may require several organisms (fish, mollusks, birds and mammals, etc.) to ensure its development. A diversity of parasites in fish therefore reflects the presence of a diversity of host species and interactions between them around the lake.

On the flip side, recently disturbed environments are often less rich in parasites. For example, a study found that there were fewer parasite species in sunfish in the St. Lawrence River in the most polluted areas than in the least polluted areas.


																																						
    
     




																																			A question of balance

In general, a fish will not suffer any adverse effects from harboring a parasite. However, things can start to deteriorate when that same parasite increases in number. For example, copepods are small crustaceans that attach themselves to the gills and skin of fish. They don't cause problems in small numbers, but can damage the gills and cause breathing difficulties, or even death, when they proliferate.

The example of copepods is a good illustration of the complex and fragile balance between a parasite and its host. This balance depends on a number of factors that can favor either the host or the parasite when there is an environmental imbalance. The number of parasites and their ability to infect a host are closely linked to environmental factors such as temperature and pollutant levels. Climate change and human activities are playing a worrying role in unbalancing these factors.

In other cases, a single parasite can cause serious problems. This is often the case with so-called invasive parasites, which have managed to introduce themselves into a new environment. For example, the parasite responsible for whirling disease has very high mortality rates of up to 90 percent in salmon, trout and char in various lakes.

Eradicating this parasite is next to impossible. Their devastating impact has led to extraordinary measures being taken in various lakes in Western Canada, including draining Johnson Lake in Alberta and killing all its fish.

We suspect that this parasite was introduced into Canada by humans. It can survive in fishes, water, boating equipment or sediments and may have been introduced by moving one of these elements from one contaminated lake to another. This underlines how important it is to know the characteristics of parasites in order to prevent and control the spread of diseases associated with them.


																																			Where do we go from here?

Research into parasites has long focused on species that pose a threat to human health or are of economic importance. Arctic char is the fish species with the most known parasites in Northern Canada.

This does not mean that this fish does indeed have more parasites than others, only that they are more widely recorded because of the economic and cultural importance of Arctic char for the region. Unfortunately, this instrumental approach to research has resulted in considerable gaps in knowledge about the parasites of many freshwater fislh in North America.

Many researchers now agree that parasites are understudied and underestimated, and that there is a real need to think more about them. This new knowledge would enable us to better assess the state of our lakes and thus help protect those ecosystems, which are among the most threatened in the world.

A collective effort can also be made to prevent the introduction of new parasites into bodies of water. It is vital to


	not release aquarium fish (and their parasites) into streams and ponds;

	avoid transporting fish from one body of water to another;

	thoroughly clean and dry boating equipment before introducing it into a new environment.



These actions help to reduce the negative impact that humans can have on fish populations, as well as on sport and commercial fishing. So the next time you go fishing, think not only about the fish, but also about the parasites you will be catching with them!
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There is so much money sloshing around these days in Bougainville, an autonomous region of Papua New Guinea, the stores are running short of goods and some locals are partying until dawn.



										      
																																	The region's economy is buoyant thanks in part to good fortune--record high prices for cocoa--and a largely unknown Australian and New Zealand aid success story.

Nearly a decade ago, the two governments helped Bougainville's cocoa farmers rehabilitate their plantations, some of which had gone to seed since the region was embroiled in a civil war in the 1990s.

The aim of the initiative, called the Commodity Support Facility, was to plant quality seeds, improve the financial literacy of farming collectives and help farmers get their product to market.

More than 20 million kina (A$8 million, NZ$8.7 million) was spent to help more than 2,500 smallholder farmers. And this year, these farmers are reaping the rewards. Weather-related diseases caused the West African cocoa crop to collapse, quintupling world prices and precipitating Bougainville's unexpected economic boom.

Success for farmers

Bougainville's cocoa story is more than 100 years old. The Germans planted cocoa trees during their 30-year colonial rule, and today, the industry is the lifeblood of the archipelago.


																																						
    
     




																																			The most recent chapter began in 2016 when the Commodity Support Facility was launched. Officially, it was a partnership between the governments of Australia, New Zealand, PNG and Bougainville, though Australia contributed a large portion of the funding.

It was hardly a propitious time to launch such an endeavor like this, as world cocoa prices were falling rapidly. Like elsewhere in PNG, the cocoa industry in Bougainville had been laid low by a pestilent worm called the cocoa borer, which had wrought devastation on production.

Australia also supported a complementary project managed by the nonprofit organization CARE that included a focus on supporting women in cocoa production. The program organized an annual chocolate festival that helped put Bougainville's products back on the map and recently funded a new laboratory to test the quality of cocoa beans.

And nearly a decade after seedlings resistant to the borer were distributed to farmers, the rewards are being reaped. According to initial findings from a survey by the Department of Foreign Affairs and Trade, 87% of grantees have benefited from increased income. Cocoa output has also improved, with more beans being grown and produced through the new trees.

This, combined with the price boom, has left Bougainville's cocoa farmers flush. It has the potential to be a real boon in this hardscrabble island chain still bearing the scars of a violent conflict from 1988-98, which had been sparked in part by opposition to mining development.

Today, tensions remain between Bougainville and the PNG government over a 2019 independence referendum that showed residents overwhelmingly supported secession. Talks on progressing the results of the referendum are proceeding at a languid pace.


																																			Why this program matters

Given how hard it is to deliver aid effectively in Papua New Guinea, as well as the geopolitical imperatives around aid these days, you would think more people outside of Bougainville would know about the project's success.

It's true there are chirpy stories posted about the Bougainville cocoa initiative on the Australian High Commission's social media channels. But given so much government aid content feels boosterish, it is hard to distinguish a genuine, silver-plated aid success story when it comes around.

The question now is how Bougainville can double down on its success. If the late night din in the regional capital of Buka is anything to go by, at least some of the newfound wealth is being spent on consumption.

But one day cocoa prices will fall again. As a result, the long-lasting benefits of the cocoa boom will only materialize if the windfalls are saved and reinvested. There is little in the public domain about how many farmers are actually doing this.

It's also a challenge for Bougainville's autonomous government, which has struggled to generate revenue, aside from the indirect rise in GST revenue from increased spending. Additional money is coming into the coffers through an adjusted cocoa export levy, but we couldn't ascertain how much. Our inquiries to the Bougainville government went unanswered.

Whatever the amount, the increased money coming to the government must be invested productively in things like education and health.


																																						
    
     




																																			Lessons for Canberra and Wellington

There is also a lesson here for officials in Canberra and Wellington. Development is often acknowledged as a long-term endeavor, yet the attention span of the aid world is stubbornly short.

The cocoa project in Bougainville is--to its credit--still running, combining the existing grants to farmers with a new focus on building buyer confidence.

Reports on the project, as with all development projects, however, are rarely publicly released. This is a shame because there is much that could be learned:


	how, for example, has the project managed to succeed when many similar projects have failed?

	how is the current revenue from cocoa exports being spent? Countries are notoriously bad at managing windfall gains, so what is Bougainville's government doing with its cut?

	and how are relations between the region's independence-focused politicians and PNG's independence-averse government being affected?



Long after the fanfare of the project launch, sweet success has materialized, seemingly out of the blue, in Bougainville. If it is to bring real long-term gains, though, people need to be paying attention.
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Great Koala Count: Aussies urged to track sightings of iconic marsupials
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CSIRO, Australia's national science agency, is calling on Australians to record koala sightings in the Koala Spotter app, to help build the most accurate national population count to date.



										      
																																	Populations of the iconic marsupial were officially listed as endangered across New South Wales, the Australian Capital Territory and Queensland in February 2022.

Although numbers in South Australia and Victoria appear healthier, there are concerns for local populations amid the ongoing threats of habitat loss, car strikes, and disease.

During National Science Week 2024, themed Species Survival--More Than Just Sustainability, CSIRO is encouraging families across the country to actively take part in koala conservation.

CSIRO leads and coordinates the National Koala Monitoring Program (NKMP), a $10 million project funded by the Australian Government's Saving Koalas Fund. The collaborative program aims to build and deliver a robust estimate of koala numbers, which will aid ongoing recovery and management efforts.

CSIRO Quantitative Biologist, Dr. Andrew Hoskins, said a range of technologies and methods are needed to count koalas accurately.

"Koalas can be difficult to spot from the ground, and as they are most active at night, they often rest high in trees during the day," Dr. Hoskins said.

"To count the species, scientists have been using thermal drones to spot koalas from above, deploying acoustic recorders in the field and detection dogs, conducting scat analysis, while also carrying out systematic visual surveys and data integration from previous and historical sources.


																																						
    
     




																																			"We need as many different eyes as possible to help paint the most accurate picture of koala numbers and distribution across the country.

"Citizen science apps are playing an increasingly important role, as they allow anybody to come out and record their sightings."

The latest koala national population estimate according to NKMP is between 224,000 and 524,000. The next estimate is due in March 2025.

The Koala Spotter app has played a key part in the NKMP's population count, with 730 records contributed by citizen scientists to date.

"Most of the data we've gotten from the app so far has come from families and children," Dr. Hoskins said.

"It's very easy to use, and the data provided is fed straight into the National Koala Monitoring Program.

"If you spot a koala simply record its location in the app, try and snap a photo if possible, and press 'done.'"

As part of National Science week, CSIRO is hosting a webinar and curriculum-aligned activities for school students to learn about koala populations and how to use CSIRO's Koala Spotter app.

To record sightings, download Koala Spotter from the App Store (Apple) or the Google Play Store (Android).

Register for The Great Koala Count webinar (suited to Year 4 to 6 students).
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Indonesia has signaled it could include blue carbon ecosystems--carbon-rich coastal and marine areas, like mangroves and seagrass--in its new climate targets. This shift follows years of relying heavily on the forestry and land sectors as well as the energy sector.



										      
																																	This could be a turning point, given Indonesia is one of the most important countries globally for ocean-based climate change mitigation. Indonesia's blue carbon ecosystems are crucial, housing 22% of the world's mangroves and 5% of seagrass meadows.

However, the country is losing its mangroves and seagrass in recent years due to changes in land use. As of 2019, only 16% of mangroves and 45% of seagrass were inside protected areas. Damage to mangrove and seagrass ecosystems can release carbon into the atmosphere, exacerbating climate change.

For that reason, it's crucial that Indonesia considers establishing more protected areas for its mangrove and seagrass ecosystems as part of its new climate targets. This could shield them from harmful activities like industrial fishing, unsustainable aquaculture, massive infrastructure development and overtourism.


																																						
    
     




																																			Two kinds of protected areas

A 2023 Climateworks Center study highlighted how Indonesia could prevent up to 60 million tons of greenhouse gas emissions per year by 2030--equal to Singapore's 2030 emissions reduction target--by protecting 39,000 hectares per year of mangroves and 8,600 hectares per year of seagrasses. The combined area of these mangroves and seagrasses is almost three-quarters the size of Jakarta.

One way to do this is by including both ecosystems inside two kinds of protected areas. The first is marine protected areas (MPAs), which are areas designated by the government to protect essential ecosystems. The other kind--known as other effective area-based conservation measures (OECM)--are just as crucial for ecosystem protection.
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Many activities are prohibited in marine protected areas, such as industrial fishing, mass tourism and mining. The government plans to increase Indonesia's MPA cover from 8% to 10% by 2030, which is an opportunity to prioritize mangroves and seagrass.

Meanwhile, OECMs can allow Indonesia to target, recognize, and support areas beyond marine protected areas. These other conservation measures can play an important role in protecting blue carbon ecosystems across the country.

For example, the indigenous community of Rote Ndao in Eastern Indonesia's traditional marine management system protects the local marine ecosystems--despite not being considered a marine protected area. Research shows that Indonesia has more than 390 potential marine OECMs. Many have conservation measures that have been implemented by local communities for centuries.


																																			Key places to protect

While Indonesia still urgently requires broad investment in the collection of high-quality data for mapping blue ecosystems, our findings highlight some key priority locations for mangroves and seagrass to be included in the country's ocean strategy.

For mangrove ecosystems, we highlight Kalimantan and Papua as areas of particular importance. Between 2009 and 2019, approximately 19% of mangroves in Kalimantan (58,000 hectares) were deforested due to palm oil and aquaculture. By comparison, Papua has a large area of carbon-dense mangroves, and a low historical rate of deforestation, with no indication of this changing.

Meanwhile, protection of seagrass is quite tricky because an Indonesian seagrass map has not been completed.
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Before defining specific seagrass areas to be protected, the government can verify the data in provinces such as Maluku, North Maluku, Bangka Belitung Islands, South East Sulawesi, West Papua and South Sulawesi. These areas have the potential for seagrass ecosystems to be included in a protection plan.

The government could also prioritize seagrass ecosystems in the Riau Islands and West Nusa Tenggara. These regions have extensive seagrass areas lacking marine protected area coverage.


																																						
    
     




																																			A new target for mangrove and seagrass protection

Indonesia can set a clear and measurable area-based target to protect its mangrove and seagrass ecosystems in the upcoming climate targets. This could align the country's climate actions on ocean and marine to its overall climate ambition. It will also lay the foundation for attracting climate financing, which Indonesia will need to achieve its targets.

Local participation is also important. Indonesia can design and implement its mangrove and seagrass ecosystems protection target with the involvement and consent of local communities. This would align with Indonesia's existing targets, such as its Blue Economy Roadmap, to ensure coordinated efforts across government agencies.

As the world works towards net zero emissions, Indonesia has a huge opportunity to boost its climate leadership. Protecting and restoring more of the country's carbon-rich mangroves and seagrass meadows can ensure the future thriving of marine ecosystems that so many Indonesians rely on.
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Testing olfactory abilities of family dogs to learn the impacts of environmental and biological factors
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A new comprehensive study by the ethologists of ELTE Eotvos Lorand University provides valuable insights into the olfactory abilities of dogs, revealing whether certain environmental and biological factors do indeed impact their performance as previously thought. The study was published in Scientific Reports.



										      
																																	Dogs' olfaction has been used for various tasks from hunting to disease identification, sparking scientific interest in the factors that truly influence their olfactory performance. The first author, Attila Salamon from the ELTE NAP Canine Brain Research Group, said that "such tasks require specific training, but the outcomes of the tests conducted with these specially trained dogs cannot be generalized to the entire species."

A team of researchers from the Department of Ethology, ELTE Eotvos Lorand University, Budapest, undertook the challenge of examining the olfactory performance of more than four hundred untrained family dogs of various breeds. This study aimed to provide a more comprehensive understanding of dogs' scent detection capabilities and determine whether specific environmental and demographic factors influence their performance in an olfactory task.

The study used the Natural Detection Task--developed by the team and already successfully applied even in the case of wolves--a simple search task, in which the dogs had to find a hidden dog treat in a line of pots. No training was necessary, as the test leveraged the dogs' natural motivation for food.

The task featured three difficulty levels; the first level acted as a pre-test to ensure the dogs understood the task, were motivated, and did not rely on alternative problem-solving methods. Dogs successfully completing the third level were considered to be the best.


																																						
    
     




																																			During the test, an experimenter--unaware of the location of the hidden food--was observing whether the dog spontaneously indicated a pot (e.g., licking the pot, placing the paw on the pot, poking or pushing the pot with the nose).

Contrary to common assumptions, temperature (ranging from 0 to 25 degC) and humidity (between 18 to 90%) were found to have no significant effect on the dogs' ability to detect the target scent. However, the test location was an important factor; dogs tested indoors outperformed those tested outdoors, indicating that distracting stimuli in outdoor environments may significantly impact performance in olfactory tasks.

Considering the demographic factors, there was no difference in olfactory performance based on the sex or neutering status of the dogs.

However, the study revealed that 2-3 year old dogs exhibited somewhat superior olfactory performance compared to dogs younger than 2 years and older than 6 years.

The researchers retested a subsample of the dogs to assess the reliability of the test and did not find a significant learning effect between the two test occasions, that is, the dogs did not perform better during the second test. This confirms the suitability of this method for testing the olfactory performance of untrained family dogs.

"By revealing the factors that really influence effectiveness, our study can provide answers to important questions that have long concerned professionals using the olfactory abilities of dogs. Focusing on a large and diverse sample of untrained dogs, we can better generalize these findings to the broader canine population," concluded Marta Gacsi, the lead researcher.


																																																					
																				
																						More information:
												Attila Salamon et al, Success in the Natural Detection Task is influenced by only a few factors generally believed to affect dogs' olfactory performance, Scientific Reports (2024). DOI: 10.1038/s41598-024-62957-5
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Researchers calculate up to a billion birds may die in the US each year due to collisions with windows
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A team of ornithologists from the Fordham University Graduate School of Arts and Sciences, the NYC Bird Alliance, Inc, and the Max Planck Institute for Geoanthropology has found evidence that far more birds are killed by window collisions than previously thought.



										      
																					In their study, published in PLOS ONE, the group analyzed wildlife rehabilitation records for thousands of birds involved in window collisions.

Prior research has shown that windows are a major hazard for birds--birds cannot see windows and fly right into them. Such collisions often lead to near-instant death--others lead to a stunning effect, where the bird crashes to the ground, only to recover moments later and fly away. There are also collisions that result in injuries to the bird that it may or may not recover from.

Scientists have estimated that hundreds of millions of birds die each year in the U.S. alone due to window collisions. This new research suggests that the number is far higher.

The researchers began their study by noting that most window collision calculations are derived by adding up counts of dead birds found on the ground below windows. But such counts, they note, fail to consider the number of birds that survive the initial collision but die later due to injuries.

To estimate how many birds die from window collisions after surviving the initial impact, the team studied data from eight states regarding 3,100 avian collision cases over the years 2016 to 2021. They found that most birds that were discovered and treated still died due to injuries they sustained in the collision. More specifically, they found that the death rate was 60%--mainly due to brain injuries.

They note that it was not uncommon for a bird to wake up after a collision and fly away, seemingly unharmed. Unfortunately, many such birds can experience the same types of symptoms that happen to people in car accidents, such as brain swelling, which almost always leads to death in birds. Taking such cases into account increases the total number of bird deaths due to window collisions to approximately 1 billion a year in the U.S.

The team notes that preventing bird deaths due to window collisions is relatively easy--it only requires adhering tape or stickers to windows and to turn off lights behind them during migration season.


																														
																				
																						More information:
												Ar Kornreich et al, Rehabilitation outcomes of bird-building collision victims in the Northeastern United States, PLOS ONE (2024). DOI: 10.1371/journal.pone.0306362
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Study reveals how intermittent fasting regulates aging through autophagy
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Recent research at the Institute of Molecular Biology and Biotechnology (IMBB) of the Foundation for Research and Technology-Hellas (FORTH), at the Paris Cite University, and at the University of Graz, published today in Nature Cell Biology, sheds light on the mechanism through which spermidine regulates autophagy, a process that ensures the recycling of components within the cell, to promote the anti-aging effects of intermittent fasting.



										      
																																	IMBB Researchers, Dr. Ioanna Daskalaki and Dr. Ilias Gkikas, led by Dr. Nektarios Tavernarakis (Professor at the Medical School of the University of Crete, and Chairman of the Board of Directors at FORTH, Greece), in collaboration with the research groups of Dr. Guido Kroemer (Professor at Paris Cite University, France) and Dr. Frank Madeo (Professor at the University of Graz, Austria), demonstrated that intermittent fasting increases the levels of spermidine, a chemical compound (natural polyamine), that enhances the resilience and survival of cells and organisms, through the activation of autophagy.

Autophagy is a process of cellular recycling, the destruction of non-functional/unnecessary components and organelles of the cell. Autophagy defects have been linked to aging, as well as, with the emergence of age-related disorders, such as diabetes, cardiovascular diseases, cancer and neurodegenerative diseases.

Dietary habits, such as low or high-fat diet, over-nutrition, or fasting can influence the development of these chronic diseases, the prevalence of which is expected to increase considerably in the coming years. Dietary interventions, such as caloric restriction and intermittent fasting, can slow down aging and promote longevity.


																																						
    
     




																																			A key element of these interventions is the maintenance of cellular homeostasis through the induction of autophagy. Direct administration of spermidine is an alternative strategy for inducing autophagy and extending lifespan. However, the role of spermidine in the regulation of autophagy and aging upon intermittent fasting remains unclear.

Using a range of experimental models, ranging from the nematode (Caenorhabditis elegans), yeast (Saccharomyces cerevisiae), fruit fly (Drosophila melanogaster), mouse (Mus musculus), and human cell lines, the research teams of Prof. Tavernarakis, Prof. Kroemer, and Prof. Madeo have shown that intermittent fasting increases the cellular levels of spermidine, which in turn induces autophagy, resulting in the prolongation of lifespan in these organisms.

Conversely, inhibition of spermidine synthesis, using appropriate inhibitors, counteracts the benefits of autophagy on lifespan through intermittent fasting.

The results of the research highlight the critical role of spermidine in regulating autophagy under intermittent fasting, thereby improving lifespan expectancy across all model organisms studied. The fact that the regulation of autophagy through spermidine and intermittent fasting is an evolutionarily conserved process, underscores its central role in monitoring and maintaining cellular homeostasis across different organisms.

The study carried out by IMBB researchers and their colleagues, provides crucial insights into the mechanisms through which dietary habits can influence aging in humans, and suggests new strategies for addressing age-related diseases, aiming to improve both life expectancy and quality of life for the elderly.


																																																					
																				
																						More information:
												Sebastian J. Hofer et al, Spermidine is essential for fasting-mediated autophagy and longevity, Nature Cell Biology (2024). DOI: 10.1038/s41556-024-01468-x
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DNA Topoisomerase insights hold potential for drug discovery and plant protection
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                Phylogenetic tree of the topo VI-A/Spo11 family: An unrooted maximum-likelihood tree using 223 aligned topo VI-A/Spo11 sequences including 33 archaea, 17 bacteria, and 173 eukaryotes. Credit: NAR Genomics and Bioinformatics (2024). DOI: 10.1093/nargab/lqae085
            
        

    


Insights into the function of DNA Topoisomerase VI (Topo VI) may provide a springboard for drug discovery and crop protection.



										      
																																	Researchers in the group of Professor Tony Maxwell used computational techniques to track and trace the role of this key enzyme which helps to regulate DNA across the tree of life.

This analysis delivered a series of findings which improves our knowledge of topoisomerases. The study which appears in NAR Genomics and Bioinformatics the researchers show that:


	Topo VI surprisingly occurs in some species of bacteria.

	Topo VI almost certainly is not present in plasmodial parasites, a group which includes malaria.

	It is now possible, thanks to genetic sequence analysis developed by first author Adam Allen, to distinguish between Topo VI and another enzyme Spo11 which occurs in humans. Lack of understanding has previously meant it was difficult for researchers to distinguish between these enzymes which hampered the possibility of using Topo VI as a target for drugs.



Additionally, the study has clarified some details about the role that Topo VI plays in plant endoreduplication--a process that allows plant cells to grow excessively large. Future scientific questions about how this happens may lead to the development of herbicides that target Topo VI.

The study poses a series of interesting scientific questions the answers to which may provide applications for human and plant diseases says Professor Maxwell.


																																						
    
     




																																			Professor Maxwell explains, "It's surprising to discover that bacteria have a Topo VI--a question is why they need this when they already have gyrase Topo IV and Topo 1. Understanding this will be important if we are to use Topo VI as an antibiotic target in those bacteria that have the enzyme."

DNA topoisomerases are a class of enzymes that perform fundamental roles in regulating DNA topology and because of this they are major targets for antimicrobial and chemotherapy drugs.

Until recently Topo VI was thought to occur only in archaea, a domain of single celled organisms. It is now known to exist in plants and some other organisms. This study appears to show that it does not occur in plasmodial parasites, and it was not previously known to exist in bacteria.

Ph.D. Student Adam Allen was the first author of this study and used computational techniques to track and trace the role of Topo VI.
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												Adam M B Allen et al, Phylogenetic distribution of DNA topoisomerase VI and its distinction from SPO11, NAR Genomics and Bioinformatics (2024). DOI: 10.1093/nargab/lqae085
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Scientists and rangers share knowledge to restore seagrass
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                Malgana ranger Nicholas Pedrocchi (deceased, published with the family's permission) and UWA researcher Dr John Statton deploying a seagrass snagger, sand-filled hessian sock. Credit: Elizabeth Sinclair
            
        

    


Scientists from The University of Western Australia have partnered with Indigenous rangers on a seagrass restoration project in Gathaagudu (Shark Bay) to help moderate climate change and conserve biodiversity.



										      
																					Dr. Elizabeth Sinclair and Professor Gary Kendrick, from UWA's School of Biological Sciences and Oceans Institute, were co-authors of the paper published in Ocean & Coastal Management.

"Solutions that integrate western science and Traditional Ecological Knowledge are key to improving restoration outcomes," Dr. Sinclair said.

Researchers partnered with Malgana Aboriginal Corporation Rangers on a program that included On Country workshop-based knowledge sharing in north-west Western Australia, with a focus on seagrass restoration.

Malgana Elder, Auntie Pat Oakley said managing and caring for a living and dynamic Country are at the heart of well-being for all Indigenous Peoples.

"The global rate of seagrass decline continues largely due to human activities, including the widespread impacts from climate change," Professor Kendrick said.

"Reversing this decline by restoring seagrass ecosystems and the benefits they provide is challenging and can take decades, even when human impacts are reduced."

The program found with the right resourcing and logistics, there are opportunities to support training workshops that develop expertise in seagrass restoration activities in Shark Bay.

Sean McNeair, Malgana man and ranger coordinator, said field-based restoration workshops helped people reconnect with Country through two-way knowledge sharing.

"We need to empower the Malgana Aboriginal Corporation Rangers and local Indigenous-led businesses to schedule restoration activities that help build seasonal local economies and increase the ability to restore seagrass at larger scales," Dr. Sinclair said.


																														
																				
																						More information:
												Elizabeth A. Sinclair et al, Healing country together: A seagrass restoration case study from Gathaagudu (Shark Bay), Ocean & Coastal Management (2024). DOI: 10.1016/j.ocecoaman.2024.107274
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How feeding birds may be polluting local environments

										

    
        
            [image: How feeding birds may be polluting local environments]
             
                Supplementary feeding of ring-necked pheasants (Phasianus colchicus) has a major impact on local nutrient cycles in the United Kingdom. Credit: John Harding/British Trust for Ornithology
            
        

    


New research led by an NAU alumnus shows that backyard bird feeders, although put out with the best of intentions, is changing the chemistry of local ecosystems, including introducing a potentially harmful amount of phosphorus into the environment.



										      
																																	The study, published Aug. 7 in Frontiers in Ecology and the Environment, shows that, collectively, the millions of household bird feeders throughout the world add up to a large transfer of additional nutrients into local environments. This artificial supplementing of a natural process may lead to unanticipated ecological impacts.

"The seeds, nuts and grains provided for birds are rich with fats and proteins," said NAU alumnus Andrew Abraham, a researcher from Aarhus University in Denmark and lead author of the study. "Yet most of this nutrient-rich bird food is sourced on the global market and transported thousands of kilometers to feeder stations."

"Birds are incredibly effective dispersers," said Ethan Duvall, a researcher from Cornell and co-author on the study. "They eat a lot, fly a lot and poop a lot. This means that extra nutrients provided at feeders eventually make their way into local ecosystems."

In their research, which examined the United Kingdom as a case study, Abraham and colleagues found that the scale of phosphorus supply in supplementary foods provided for garden and game birds equalled about 2.4 Gg/year.

While phosphorus is an essential element for both plants and animals, too much of it can cause problems. Concerningly, phosphorus release by bird feeding was comparable to other human activities, such as industrial waste and sewage misconnects, which are considered environmental polluters.


																																						
    
     




																																			The greatest supply of extra nutrients was provided for game birds. The researchers found that each year, more than twice as much phosphorus was provided to pheasants, partridges and other game birds compared to garden birds.

This supplementary food constitutes a significant component of game bird nutritional intake and helps elevate densities beyond the natural carrying capacity. While this may benefit land owners in the short-term, it could spell ecological trouble in the long-term.

"When additional nutrients from bird feeding enter natural environments, they have profound consequences for the species that live there," Abraham said. "If bird feeding occurs at high rates or over long periods of time, it can begin to change the fertility of the landscape, upsetting the balance of the ecosystem.

"Eventually, the nutrients in bird feed are washed into rivers, where they may also exacerbate issues of eutrophication"--that is, they may produce too many rich nutrients, causing algae to grow too densely and harming animals that live in or near the rivers.

Does this mean bird feeders are bad? It's not that simple, the researchers say. The bigger question is, how do different factors interact to change the environment.

"It is important to study animal dispersal of nutrients, because in some places, animals can spread important nutrients in a way that benefits ecosystems, but in other cases, like in the case of bird feeding, they may spread too many nutrients, causing problems," said Chris Doughty, co-author and professor of ecology at Northern Arizona University.

"We must continually re-evaluate bird feeding practices as new evidence arises," said Kate Plummer, senior research ecologist at the British Trust for Ornithology. "Previous research has already shown that bird feeding is linked to changes in bird community composition, behavior, distribution and transfer of avian disease.

"While our study suggests that the impact of garden feeding is significantly less than that of gamebird feeding when it comes to nutrient dispersal, the findings add a new dimension to our efforts to understand the balance of costs and benefits of putting out food in our gardens."


																																																					
																				
																						More information:
												Andrew J Abraham et al, Supplementary bird feeding as an overlooked contribution to local phosphorus cycles, Frontiers in Ecology and the Environment (2024). DOI: 10.1002/fee.2793
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Technology to predict the deformation of DNA origami structures induced by DNA-binding molecules

										 by 										 Seoul National University College of Engineering									
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                Conceptual Diagram of the Predictive Technology for Mechanochemical Changes in DNA Nanostructures. Credit: Seoul National University College of Engineering
            
        

    


A research team has developed a technology that can quickly predict the mechanochemical shape changes of DNA origami nanostructures. The team includes Professor Do-Nyun Kim's research team from the Department of Mechanical Engineering at The College of Engineering of Seoul National University.



										      
																																	The results of this study were published on July 31 in the journal Nature Communications.

DNA origami technology, which uses the self-assembly characteristics of DNA to design and fabricate structures of desired shapes with nanoscale precision, has high applicability and is being actively researched in advanced bio-convergence fields. Especially, technology to utilize environmental changes within the body to alter the shape of structures to perform necessary functions is attracting attention.

However, due to the lack of modeling and computer simulation technology that can design these variable mechanisms with understanding, implementing variable technology has relied on repetitive experiments and trial and error. There has been a rising need to study effective methods to rapidly analyze the deformation mechanisms of structures based on the geometric and mechanical properties of DNA, which change with environmental conditions.

Starting from this problem awareness, the research team discovered a way to quickly predict how the shape of DNA origami structures changes depending on the concentration of molecules binding to DNA. The team first quantitatively analyzed the geometric and mechanical changes in DNA caused by binding with a representative DNA-binding molecule, Ethidium Bromide (EtBr), through molecular dynamics simulations.
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                Prediction and Experiment of DNA Ring Structure Supercoiling Phenomenon with Varying EtBr Concentrations. Credit: Seoul National University College of Engineering
            
        

    



Then, they constructed a relationship between the concentration of binding molecules and changes in DNA properties using this molecular-level calculated information and applied it to DNA structure analysis. Through this process, they were finally able to quickly determine the mechanochemical deformation of DNA origami structures according to changes in EtBr concentration.

This technology can be easily extended to predict DNA property changes due to binding with other DNA-binding molecules. It can also be used to design tunable DNA origami structures that can change shape based on the concentration of binding molecules or according to the type of binding molecules, thereby significantly contributing to the advancement of related DNA nanotechnology and various application research.

Meanwhile, this study, led by Professor Do-nyun Kim of the Department of Mechanical Engineering at Seoul National University and conducted by Research Professor Lee Jae-young and Researcher Kim Yang-kyun.


																																																					
																				
																						More information:
												Jae Young Lee et al, Predicting the effect of binding molecules on the shape and mechanical properties of structured DNA assemblies, Nature Communications (2024). DOI: 10.1038/s41467-024-50871-3
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                Researchers developed a fluorescence detection system (right) that can provide highly sensitive detection of deadly microorganisms in drinking water, without using any lenses. They are now converting the technology into a lensless dip-in handheld system (left) that could be useful for testing water quality in the traditional natural stone spouts widely used by people in Kathmandu Valley in Nepal (background). Credit: Rijan Maharjan, Ashim Dhakal, Phutung Research Institute
            
        

    


Researchers have shown that a fluorescence detection system that doesn't contain any lenses can provide highly sensitive detection of deadly microorganisms in drinking water. With further development, the new approach could provide a low-cost and easy-to-use way to monitor water quality in resource-limited settings such as developing countries or areas affected by disasters.



										      
																																	It could also be useful when water safety results are needed quickly, such as for swimming events, a concern highlighted during the Paris Olympics.

"In developing countries, unsafe water sources are responsible for more than one million deaths each year," said research team leader Ashim Dhakal from the Phutung Research Institute in Nepal. "We hope that our work will facilitate the development of simpler and cost-effective yet highly efficient sensing paradigms for drinking water, saving countless lives around the world."

Current methods used to assess microbial contamination in water require culturing the water samples and then quantifying harmful bacteria. This can take over 18 hours, making it impractical when immediate confirmation of water safety is needed. This is also a key reason why water surveillance is ineffective in developing countries, where the required skilled human resources, infrastructure and reagents are not readily available.

In a paper, "When a lensless fluorometer outperforms a lensed system" published in Optica, researchers from Phutung Research Institute, University of Sao Paulo in Brazil and University of York in the UK report that their new water monitoring fluorometer can detect fluorescent proteins from bacteria in water down to levels of less than one part per billion, without using any lenses.

This sensitivity meets the World Health Organization's criteria for detecting fecal contamination in drinking water.

"Today's fluorometers typically use costly lenses that are made of specialty UV-transparent glass and require precise positioning," said Dhakal. "We show that eliminating the lenses not only reduces the device cost, size and weight but also provides better performance given that we are not aiming for imaging here."


																																						
    
     




																																			Getting rid of the lenses

This research is part of a larger project to pilot a portable, low-cost and user-friendly instrument for real-time water quality assessment. During development, the researchers closely examined the fundamentals of optical signal generation in applications like water quality monitoring.

They discovered that while optical lenses are commonly used in devices such as cameras, microscopes and telescopes, these optical components often reduce performance for practical situations that don't require images.

"This was an important finding because lenses account for a significant share of the costs of optical systems and their bulk and weight make it difficult to create practical portable devices," said Dhakal.

"Our analysis revealed that using a light source, detectors and sample sizes that are all as large and as close to each other as possible produces a stronger signal, leading to better performance for water quality monitoring."

Comparison with a lensed system

Based on their findings, the researchers designed a lensless fluorescence system using large (1-2 mm2) LEDs and detectors, which have recently become available in UV wavelengths. It works by using UV light to excite proteins from harmful microbes and then detecting the resulting fluorescence.


																																			In addition to demonstrating the lensless system's sensitivity, they also showed that it produced a fluorescence signal that is about double the strength of a lensed system. They found that the performance of the lensed system was limited by its numerical aperture, the use of larger sources and detectors and the finite imaging distance required between the components and the sample.

The researchers are now developing a pocket-sized version of the lensless fluorometers for field testing. They point out that the instrument must be shown to withstand the harsh environments found in multiple scenarios before being widely applied. They are also working to demonstrate that their approach meets the specificity requirements for detecting specific bacterial contamination by incorporating measurement of multiple parameters into the device.

"Our system is already highly useful because the sensitive and accurate measurement of concentration of bacterial proteins that it provides is directly related to efficiency of water treatment, the dose of disinfectants required for disinfection and the likelihood of bacterial proliferation in a recontamination event," said Dhakal.


																																																					
																				
																						More information:
												Asim Maharjan et al, Lensless fluorometer outperforms lensed system, Optica (2024). DOI: 10.1364/OPTICA.527289
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The largest and longest-ever survey of wild koalas has confirmed a chlamydia vaccine, developed by the University of the Sunshine Coast, can protect the animals from developing and dying from the disease.



										      
																																	The study, published in npj Vaccines, found the vaccine effectively reduces the chance of a koala developing signs of chlamydial disease during breeding age, and reduces deaths from the disease in wild populations by at least 65%.

Lead author, UniSC Research Fellow Dr. Samuel Phillips, said more than a decade of clinical data--gathered through regular screenings across a large wild koala population in South East Queensland--was combined to evaluate the vaccine's effectiveness over multiple generations.

"Critically, the results show the vaccine can stop koalas dying from the disease and help aid the recovery of a declining population," Dr. Phillips said.

"By using this vaccine, the average age at which koalas are likely to develop chlamydial disease was pushed back more than three years, from five to over eight years old, crucially protecting them during their main reproductive years."

UniSC researchers, led by Professor of Microbiology Peter Timms, have been at the forefront of efforts to develop a vaccine, based on Chlamydia pecorum's major outer membrane protein (MOMP), to protect koalas from the devastating effects of infection.

"This study stands as the largest and longest-ever conducted on koalas, conclusively confirming the significant positive impact of this vaccine," said Professor Timms, who co-authored the study.

Chlamydia in koalas can cause conjunctivitis, urinary tract and reproductive tract infections, and in severe cases, blindness, severe cystitis, infertility and death. Left untreated, animals with severe infections may have their life expectancy reduced by several years.

"The current treatment is antibiotics, which has its limitations and can disrupt the koala's ability to digest eucalypt leaves, leading to starvation and occasionally death. Furthermore, treating infection often does not prevent future infection," Professor Timms said.

"We know that vaccination is essential to reduce the rapid, devastating spread of this disease, and this vaccine can play a role in the longer-term survival of koalas, especially in South East Queensland and New South Wales where chlamydia affects 50% or more of populations."

This latest study combines datasets from a 10-year project that tracked and monitored the health of a specific population of wild koalas in South East Queensland's Moreton Bay region.


																																						
    
     




																																			Proving long-term benefits across life span of koalas

Dr. Phillips said it was "an unprecedented opportunity" to assess the effectiveness of UniSC's MOMP-based vaccine to protect koalas from chlamydial disease and or death.

The project involved more than 680 wild koalas, with approximately 150 koalas under veterinary management at any given time. It was led by co-author Dr. Jon Hanger from Endeavour Veterinary Ecology.

Across five separate trials, 165 koalas were vaccinated using four similar versions of the vaccine. While each trial lasted approximately two years, many of the koalas continued to be monitored until the end of the program in 2023.

"This allows us to evaluate the long term effectiveness of the vaccine across the life span of many individual animals," Dr. Phillips said.

The research team recommends future koala management plans should include vaccination as part of a holistic strategy to protect koalas from all known threats.

"When vaccination is combined with multiple koala conservation strategies, including addressing traffic, wild and domestic dogs and importantly, retaining and restoring habitat--local population declines can be reversed," Dr. Phillips said.


																																																					
																				
																						More information:
												Samuel Phillips et al, Immunisation of koalas against Chlamydia pecorum results in significant protection against chlamydial disease and mortality, npj Vaccines (2024). DOI: 10.1038/s41541-024-00938-5
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Ten years of research shows chlamydia vaccine can save lives of wild koalas (2024, August 8)
												retrieved 8 August 2024
												from https://phys.org/news/2024-08-ten-years-chlamydia-vaccine-wild.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/2024-08-ten-years-chlamydia-vaccine-wild.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



South Africa's controversial lion farming industry is fueling the illegal international trade in big cat bones
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                Lions at a commercial breeding facility in South Africa. Credit: Roberto Vieto / World Animal Protection
            
        

    


A paper, "Under the lion's paw: lion farming in South Africa and the illegal international bone trade," published in Nature Conservation has uncovered concerning activities within South Africa's captive lion industry, shedding light on the urgent need for comprehensive governmental action.



										      
																																	The study by World Animal Protection, conducted through direct interviews with workers at two closed-access lion facilities in South Africa's North West Province, reveals disturbing practices. These include:


	The use of legal activities such as commercial captive lion breeding and canned hunting to mask involvement in the illegal international trade of lion and tiger bones.

	Animal welfare violations including reports of malnutrition, lack of clean water, filthy enclosures and animals being deliberately starved throughout the low-hunting season.

	Illegal hunting practices such as reports of animals being drugged and hunted within an hour of release in enclosures that violate legal minimum size requirements.

	Unsafe working conditions including reports of a lack of protective gear for workers when preparing the bodies of hunted animals.

	Potential shifts towards commercial exploitation of other felid species like tigers which could be used as substitutes for lion bones.

	Poaching incidents of big cats from commercial captive lion farms by unaffiliated actors, with often only the heads and paws of the animals harvested by the poachers.



Facility workers detailed the use of various strategies, including security cameras, patrols, and messaging apps, to evade detection during inspections. These findings emphasize the complexity and severity of issues within the captive lion industry, necessitating immediate and decisive action.


																																						
    
     




																																			Lead researcher Dr. Angie Elwin, Research Manager at World Animal Protection said, "Our study highlights the troubling reality of South Africa's captive lion industry. Legal activities are being exploited to facilitate illegal trade, and this is compounded by serious animal welfare violations and unsafe conditions for workers. Urgent action is needed to protect lions and people."
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                Lion at a commercial breeding facility in South Africa. Credit: Roberto Vieto / World Animal Protection.
            
        

    



Although the commercial captive breeding and canned hunting of lions remains legal, though poorly regulated in South Africa, the export of lion skeletons--including claws and teeth--was declared unconstitutional by the South African High Court in 2019.

In 2021, the South African Government announced its intention to immediately halt the "domestication and exploitation of lions, and to ultimately close all captive lion facilities in South Africa."

However, a lack of enforcement of regulations and clarity on the future of the industry, has left a legal gray area, enabling some farms to operate what on the surface appear to be legitimate captive lion breeding and "canned" trophy hunting businesses--but which in reality supply the illegal international big cat bone trade facilitated by organized crime gangs.

In light of these revelations, the study calls for the South African Government to implement a comprehensive and well-managed plan to transition away from current practices in the captive lion industry. Key recommendations include:


	Full audit of the industry: To ensure all commercial captive lion farms are officially registered and compliant with regulations until the industry is phased out.

	Breeding moratorium: Establish an immediate moratorium on lion breeding to prevent further growth of the commercial captive lion population.

	Prevention of bone stockpiling: Develop and enforce plans to prevent the accumulation of lion bones, which risks fueling the illegal international lion bone trade.

	Phase out plan: Enact a time bound strategic plan to phase out the captive lion farming industry, ensuring ethical treatment of animals and safety for workers.
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                Prepared lion skeleton. Credit: Lord Ashcroft KCMG PC.
            
        

    



Senior researcher Dr. Neil D'Cruze, Head of Wildlife Research at World Animal Protection said, "The South African Government must take immediate action to fulfill its public pledge to end the controversial captive lion industry. Without a comprehensive time-bound plan and stringent enforcement, this commercial industry will continue to pose significant legal, animal cruelty, and conservation concerns."


																																			It is estimated that between 8,000-12,000 lions and other big cats, including tigers, are bred and kept in captivity in more than 350 facilities across the country.

This study serves as a crucial call to action for both the South African Government and the international community to address and resolve the complex issues surrounding the captive lion industry.

The publication comes at a time when South African NGO Blood Lions encourages the public to raise their voice by sharing the 2024 World Lion Day "You're killing them softly" campaign message, aimed at informing tourists and visitors to lion farms about the hidden suffering and cruelty involved, and to sign this petition urging the South African government among others to extend the ban on captive lion breeding and trading to other predators.


																																																					
																				
																						More information:
												Under the lion's paw: lion farming in South Africa and the illegal international bone trade, Nature Conservation (2024). DOI: 10.3897/natureconservation.56.124555
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Unlocking the secrets of salt stress tolerance in wild tomatoes
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                Genetic diversity and structure of Solanum pimpinellifolium and S. lycopersicum. Credit: The Plant Journal (2024). DOI: 10.1111/tpj.16894
            
        

    


As our climate changes and soil salinity increases in many agricultural areas, finding crops that can thrive in these challenging conditions is crucial. Cultivated tomatoes, while delicious, often struggle in salty soils. Their wild cousins, however, have evolved to survive in diverse and often harsh environments.



										      
																																	A recent study delved into the genetic treasure trove of wild tomatoes to uncover secrets of salt tolerance that could be used to develop resilient crop varieties. A team of researchers focused on Solanum pimpinellifolium, the closest wild relative of our beloved cultivated tomato. These tiny, cherry-sized fruits might not look impressive, but they pack a punch when it comes to genetic diversity and stress resistance.

The team began by exposing the wild tomatoes to varying levels of salt stress. Then, they used high-throughput phenotyping techniques in both greenhouse and field conditions to uncover extensive variations in how these plants responded to the salty conditions.

"One of the study's most intriguing findings was that a plant's overall vigor--its ability to grow quickly and robustly--played a significant role in its salt tolerance. This suggests that breeding healthier, more vigorous plants could indirectly improve their ability to withstand salt stress," said Magda Julkowska, an assistant professor at the Boyce Thompson Institute and lead author of the study, which was recently published in The Plant Journal.

The researchers found that traits such as transpiration rate (the amount of water vapor a plant loses through its leaves), shoot mass (the weight of the plant's above-ground parts), and ion accumulation (the build-up of ions, such as sodium and potassium, within plant tissues) showed significant correlations with plant performance under salt stress. Interestingly, while transpiration rate was a key determinant of plant performance in the greenhouse, shoot mass strongly correlated with yield under field conditions.


																																						
    
     




																																			"We were surprised to find that the amount of salt the plants accumulated in their leaves wasn't as important to their overall performance as previously thought," said Julkowska. "This challenges some existing ideas about how plants cope with salt stress and opens up new avenues for research."

One of the most exciting findings was the identification of candidate genes not previously associated with salt stress tolerance. Julkowska added, "These specific genotypes can be used as allele donors for further improving crop performance and developing more sustainable agriculture."

The study contributes to a better understanding of salt stress tolerance in wild tomato species and lays the groundwork for further investigations into the genetic basis of these traits. The findings can inform breeding efforts for salinity tolerance in tomatoes and other crops. This could lead to expanded growing regions, more stable yields in the face of changing climates, and potentially tomatoes that require less water and fewer resources to cultivate.

While we might not see salt-loving tomatoes on supermarket shelves anytime soon, this research is a significant step toward creating a more resilient and sustainable food system. It's a powerful reminder that sometimes, the solutions to our most pressing agricultural challenges might be found in the wild relatives of the plants we already know and love.


																																																					
																				
																						More information:
												Mitchell Morton et al, Deciphering salt stress responses in Solanum pimpinellifolium through high-throughput phenotyping, The Plant Journal (2024). DOI: 10.1111/tpj.16894
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Mass bleaching of marine sponges largest event recorded worldwide
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                Extent of 2022 and 2023 Cymbastella lamellata bleaching. Credit: Global Change Biology (2024). DOI: 10.1111/gcb.17417
            
        

    


A mass bleaching of more than 50 million sponges in Fiordland was the largest event of its kind ever recorded and is estimated to have cut the population by close to half, a new study reports.



										      
																																	Lead author Professor James Bell, a marine biologist at Te Herenga Waka--Victoria University of Wellington, says the bleaching occurred in 2022 during an intense marine heat wave that lasted 259 days and pushed water temperatures to 4.4oC above average. The work is published in the journal Global Change Biology.

The bleaching event occurred along 1,000 kilometers of coastline and saw the cup-shaped sponge Cymbastella lamellata turn from their usual chocolate-brown color to a bright white.

Nearly one year later, the researchers found almost 50% of sponges at sampling sites had died.

"Not only was this the largest sponge bleaching event seen globally, it was also the largest sponge mortality event that's ever been recorded," said Professor Bell.

As the climate warms, marine heat waves are occurring more often and becoming more intense, with major effects on sea life.

"During the 2022 heat wave in Fiordland, more than 90% of C. lamellata sponges were bleached. These sponges are one of the most abundant species in Fiordland and play a crucial role in the ecosystem, including by providing habitat and recycling nutrients that support marine life.



    
    
    
        
        
    
         
             
         

        Credit: Victoria University of Wellington
  

"We discovered the sponges are key contributors to dissolved organic carbon production in the water column. This food source has the potential to fuel the microbial food chain and support organisms higher up the chain. The mass death of sponges after the 2022 heat wave means this potential fuel source has been reduced--we estimate by as much as 850 tons."


																																						
    
     




																																			Professor Bell and his co-researchers discovered that some sponges were able to recover from bleaching, showing they may be able to adapt to heat stress.

"We detected changes in the microbial communities that these sponges play host to--the tiny creatures they have a symbiotic relationship with. The changes we observed suggest the sponges are displaying a rapid evolutionary response to warming waters in an effort to survive.

"This gives us reason to be optimistic that sponges may be able to adapt to warming waters. However, we need to do more research to test this and to monitor how more frequent and intense marine heat waves may affect this vital species," said Professor Bell.

The researchers also observed that the drought conditions and unusually low rainfall that coincided with the marine heat wave may have allowed more light to reach the usually dark waters of Fiordland, worsening the bleaching and mortality rate of the sponges.

"This event highlights the need to consider the impacts of compounding extreme events--such as coastal temperature and freshwater extremes--on marine ecosystems, and how the likelihood of such events may change in the future," said Dr. Robert Smith, a physical oceanographer from the University of Otago and part of the research team.


																																																					
																				
																						More information:
												James J. Bell et al, Marine heatwave-driven mass mortality and microbial community reorganisation in an ecologically important temperate sponge, Global Change Biology (2024). DOI: 10.1111/gcb.17417
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Swimming trunks: transparent tank shows paddling pachyderms
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                An Asian elephant swims in a pool with transparent sides at Fuji Safari Park in Susono city.
            
        

    


Paddling with chunky legs and using their trunks as a snorkel, the elephants at Fuji Safari Park in Japan are taking a dip in their summer swimming pool--with each graceful movement visible thanks to a special see-through tank.



										    
																					Visitors are often surprised to discover that elephants can swim, but the hefty creatures are very good at it, zoo manager Daisuke Takeuchi told AFP on Thursday.

The park's six Asian elephants swim daily in the summer months, sometimes entering the 65-meter (210-foot) canal--the length of five buses parked in a line--together.

"Especially on hot days, they can't wait to get in the water, so when the water is ready, they rush in energetically and splash," Takeuchi said.

The park, within sight of Mount Fuji in central Japan, installed the pool with transparent sides in 2015, and elephant keepers from Laos clean it and change the water daily.

Japan's scorching summers are getting hotter, and last month the country saw its warmest July since records began.
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                Cars drive past the elephant swim tank at Fuji Safari Park in Susono.
            
        

    



To cool down in the heat, elephants spray water on their bodies and flap their large ears like a fan, so the main purpose of bathing is to remove parasites and dirt from their skin.

Elephant expert Sanjeeta Sharma Pokharel, assistant professor of Asian and African Area Studies at Kyoto University, said elephants use their "remarkable" instinctive swimming skills to migrate across habitats by crossing rivers.
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"But swimming may not be their daily activity, until and unless circumstances demand it," such as during floods, Sharma Pokharel said.

Elephants also use bodies of water when they have leg or other injuries, a habit which "helps in reducing the strain due to their body weight", she added.

Using their trunk to breathe means they can swim long distances, and "in the wild, they have no choice but to swim in search of food", Takeuchi said.

"But in our zoo, rather than searching for food, they swim for fun, and because their bodies get cooler and it feels good to cool down, they happily enter the water."
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                Texas A&M AgriLife research findings indicate non-native nilgai antelope do not appear to be susceptible to infection following exposure to Babesia bovis, one of two species of parasitic protozoa responsible for the disease known as cattle fever or bovine babesiosis. Credit: Sam Craft/Texas A&M AgriLife
            
        

    


Nilgai, a non-native antelope species that freely ranges Southern Texas and Northeastern Mexico, do not appear to be susceptible to infection following experimental exposure to Babesia bovis, according to recent findings by Texas A&M AgriLife Research scientists.



										      
																																	The Babesia bovis strain is one of two species of parasitic protozoa responsible for the disease known as cattle fever or bovine babesiosis.

The research, published in Parasites & Vectors, significantly contributes to nationwide efforts to better understand the role of wildlife in the epidemiology of bovine babesiosis. Nilgai are a particular wildlife species of concern because of their capacity to spread ticks over a large range.

Bovine babesiosis is a virulent tick-borne disease, with up to a 90% mortality rate in cattle without prior exposure to the parasite. It plagued the U.S. cattle industry in the 19th and early 20th centuries and remains a serious concern for the industry.

Tammi Johnson, Ph.D., AgriLife Research assistant professor of disease ecology in the Texas A&M College of Agriculture and Life Sciences Department of Rangeland, Wildlife and Fisheries Management, Uvalde, led the study.

"These leading-edge discoveries illustrate AgriLife Research's ongoing commitment to the health and sustainability of our agricultural and natural resources," said G. Cliff Lamb, director of AgriLife Research. "Texas is the nationwide leader in beef cattle production, and our experts work on the frontlines to ensure the security and economic strength of this critical food system."


																																						
    
     




																																			Ticks as a vector for the disease

In North America, two tick species, Rhipicephalus annulatus and Rhipicephalus microplus, transmit the parasitic protozoa that attack red blood cells causing anemia and fever, Johnson said. These species are commonly referred to as cattle fever ticks.

Thanks to the Cattle Fever Tick Eradication Program--a cooperative effort between the USDA's Animal and Plant Health Inspection Service, APHIS, and state animal health agencies--bovine babesiosis was eradicated from the U.S. in 1943. However, the disease remains endemic to Mexico, and infestations of cattle fever ticks are still documented along the Texas-Mexico border.

In Texas, the federal Cattle Fever Tick Eradication Program is responsible for monitoring the Permanent Fever Tick Quarantine Zone that spans 580,000 acres from Brownsville to Del Rio, while the Texas Animal Health Commission, TAHC, monitors all areas outside of the permanent quarantine zone. Together, these two entities surveil more than 1 million acres of Texas rangelands. Despite strict monitoring efforts by both organizations, infestations of cattle fever ticks are regularly found outside of the quarantine zone.

The latest Monthly Fever Tick Situation Report available from the TAHC reports six Texas counties with quarantined infestations in May.

Wildlife as a complicating factor in tick control

Although cattle fever ticks' primary host animal is domestic cattle, they will feed on other hooved animals known as ungulates.

"Wildlife movement is one challenge we face in preventing the spread of cattle fever ticks," said John Picanso, director of APHIS' Veterinary Services Cattle Fever Tick Eradication Program, Austin.

Treatment options do exist to reduce the number of cattle fever ticks on wildlife, but detecting the arachnids on the more than 460,000 estimated free-ranging white-tailed deer and nilgai throughout South Texas is difficult.

While previous research ruled out white-tailed deer as carriers of bovine babesiosis, the role of nilgai in transmitting the disease was unknown prior to the new study.

"Nilgai are the most abundant free-ranging exotic species in Texas," Johnson said. "They have an incredibly large home range, and a lot of the cattle fever tick outbreaks we see may be a result of wildlife movement."

Johnson said both nilgai and the tick R. microplus are native to India, a continent that also struggles with bovine babesiosis. Additionally, nilgai are in the same scientific family as domestic cattle, making them a distant relative.

"We have all these related factors that exist in India now coexisting in the U.S.--I realized that we had to do something to better understand nilgai's potential role in harboring or spreading this disease," Johnson said.


																																			Study yields surprising yet promising results

Researchers inoculated two groups of nilgai with different life stages of B. bovis, one strain of parasitic protozoa responsible for bovine babesiosis. In a parallel study, beef cattle were also inoculated, and both groups were monitored through an array of blood tests over the study period.

No clinical signs of infection in either nilgai group were documented following inoculation. Further, blood samples from all nilgai were polymerase chain reaction, PCR, negative for the bovine babesiosis parasite, and the animals did not develop antibodies to the B. bovis strain.

"It appears from our research that the parasites are not able to infect the red blood cells of the nilgai," Johnson said. "If they can't infect the red blood cells, they can't reproduce and move to the next life stage to be picked up by a female tick and transmitted to another animal."

Additionally, nilgai tissue samples showed no signs of infection, and analysis of red blood cell cultures indicated no signs of colonization by the protozoan.

To test these results even further, Johnson said, researchers subinoculated cattle with blood from the challenged nilgai in the study. These cattle showed no signs of clinical infection and were PCR-negative for the bovine babesiosis parasite up to 45 days later.

"I was surprised--I thought we would see some evidence of infection," Johnson said. "We threw the gamut of diagnostic tests at this project and found zero evidence of infection in the nilgai."


																																						
    
     




																																			Management implications and next steps for research

While these findings do provide a sense of relief, Johnson said it doesn't change the fact that nilgai and white-tailed deer still move ticks with the potential to carry bovine babesiosis throughout their range.

"What we now know is nilgai will not move infected ticks around the landscape, which is good news," Johnson said. "But I think the main takeaway is that we still have to address the problem of these ticks being present, and we currently don't have an approved treatment protocol for nilgai."

Currently, Johnson and collaborating researchers are working to replicate this study using the second cattle tick species, R. annulatus, and a different species of Babesia, B. bigemina, that also causes bovine babesiosis.

"This second study will allow us to have the full picture of how nilgai respond to different species that cause bovine babesiosis," Johnson said.

Picanso, with APHIS' eradication program, said Johnson's research is an invaluable scientific resource that augments current knowledge and will guide future management actions to control cattle fever ticks.

Economic impact and ongoing Texas A&M AgriLife contributions

Johnson is one of many researchers across the country working to address the threat of bovine babesiosis and its potential agricultural impacts.

David Anderson, Ph.D., professor and Texas A&M AgriLife Extension Service economist in the Department of Agricultural Economics serves alongside Johnson on the USDA Grand Challenge group on cattle fever ticks.

A 2010 Agriculture and Food Policy Center report led by Anderson assessed the economic impact of an expansion in cattle fever ticks outside of their current range.

Their analysis estimates the cost of a relatively small cattle fever tick outbreak outside of Texas' quarantine zone would total $123 million in the first year. If this outbreak were to expand to the historic range cattle fever ticks once occupied across Texas and the Southeastern U.S., the minimum cost would be $1.2 billion in the first year alone.

"Texas A&M has been involved in cattle tick research from the early stages of the effort," Anderson said. "I anticipate we will continue to be an integral part of this extremely important work into the future."
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												Tammi L. Johnson et al, Nilgai antelope display no signs of infection upon experimental challenge with a virulent Babesia bovis strain, Parasites & Vectors (2024). DOI: 10.1186/s13071-024-06316-3
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Predicting metabolic potential in bacteria from limited genome data
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                MetaPathPredict is a novel algorithm that uses machine learning to predict metabolic pathways from limited information. Credit: Jason McDermott/Pacific Northwest National Laboratory
            
        

    


How bacteria eat food, and what kinds of products they can make from that food, is dictated by the metabolic network of enzyme patterns encoded in their genomes. Using computational methods to learn these patterns across a large number of known bacteria allows the genome of a new bacteria to be analyzed. This reveals what kind of metabolism it is capable of--even when only partial information is provided, which is common in environmental samples.



										    
																					This project was initiated by David Geller-McGrath as part of his graduate thesis project at the Woods Hole Oceanographic Institute under Dr. Edgcomb. He refined the approaches and developed the code during his time as an Office of Science Graduate Student Research fellowship in computational biosciences working with Dr. McDermott at Pacific Northwest National Laboratory, and with Dr. Wheeler at the University of Arizona.

This new computational method, now published in eLife, enables the discovery of new metabolic capabilities for bacteria important for the environment and bioenergy applications. This is important for understanding microbiomes (communities of bacteria and other microorganisms) that support plant growth for improved crop yields. In addition, a better understanding of different metabolic networks will allow new ways of engineering bacteria for other bioenergy and biomedical applications.

The method learns patterns of proteins present in metabolic pathways from a large collection of annotated bacterial genomes using a deep learning approach. A significant advantage of this tool is that it is designed and tested on incomplete genomic data. This allows bacterial genomes to be identified and assessed for metabolic potential in complex microbiomes from soil or other sources, samples that are often incomplete.


																														
																				
																						More information:
												David Geller-McGrath et al, Predicting metabolic modules in incomplete bacterial genomes with MetaPathPredict, eLife (2024). DOI: 10.7554/eLife.85749
																						
																						

												
													Journal information:
																											eLife
														
															
																
															
														 
																									

											

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Predicting metabolic potential in bacteria from limited genome data (2024, August 8)
												retrieved 8 August 2024
												from https://phys.org/news/2024-08-metabolic-potential-bacteria-limited-genome.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/2024-08-metabolic-potential-bacteria-limited-genome.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A review of the Epichloe festucae antifungal protein Efe-AfpA
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                Festuca rubra. Credit: Thomas Mathis/Wikimedia Commons, CC BY-SA
            
        

    


A research team has reviewed the mechanisms behind endophyte-mediated disease resistance in strong creeping red fescue (Festuca rubra subsp. rubra) and identified the antifungal protein Efe-AfpA produced by Epichloe festucae as a key factor against dollar spot disease caused by Clarireedia jacksonii.



										      
																																	This review highlights the potential of Efe-AfpA and similar antifungal proteins from other fungal species as novel biocontrol agents, which could reduce the reliance on chemical fungicides and lessen their environmental impact.

Microbes and plants form close associations, which can be mutualistic or antagonistic depending on the pairing. Grasses in the Poaceae family often form relationships with Clavicipitaceous fungi, particularly Epichloe species, which reduce herbivory through the alkaloids production and exhibit antifungal activity in vitro.

A unique benefit of the E. festucae--Festuca rubra subsp. rubra symbiosis is its resistance to dollar spot disease caused by Clarireedia jacksonii and red thread disease caused by Laetisaria fuciformis. Current chemical controls for dollar spot lead to resistant strains, necessitating novel methods.

The study, published in Grass Research on 28 February 2024, explores the identification and potential of the antifungal protein Efe-AfpA and other similar proteins as new fungal disease controls, focusing on their fungal disease resistance mechanisms and applications.

In this study, researchers reviewed the well-documented symbiotic relationships between fungi and plants, particularly focusing on Epichloe endophytes and their benefits. These fungi, part of the Clavicipitaceous family, interact with cool season grasses, providing protection against herbivores through the alkaloids production and demonstrating antifungal activity.


																																						
    
     




																																			Despite many reports of antifungal effects, the exact compounds involved often remain unidentified, particularly in natural settings. This review highlights the endophyte-mediated disease resistance in Festuca rubra subsp. rubra against dollar spot and red thread diseases, attributed to the antifungal protein Efe-AfpA produced by Epichloe festucae.

However, the current challenge lies in understanding the precise mechanisms of Efe-AfpA's antifungal activity and its practical application in disease control. The researchers emphasize the need for further studies to fully elucidate Efe-AfpA's role and efficacy, including its large-scale production, stability, and field trials, which could potentially offer a novel method for managing plant diseases and reducing reliance on chemical fungicides.

According to the study's lead researcher, Patrick Fardella, "Once fully characterized, Efe-AfpA and other proteins like it could represent a new product for plant disease control, alleviating the use of chemical fungicides and resulting in fewer environmental impacts and a reduction in the selection for resistant fungal pathogens."

In summary, Epichloe fungal endophytes enhance turfgrass physiological traits and provide disease resistance. The antifungal protein Efe-AfpA, produced by Epichloe festucae, protects strong creeping red fescue from dollar spot disease caused by Clarireedia jacksonii.

Further research is needed to scale up production, assess UV stability, and conduct field trials. Understanding Efe-AfpA's mode of action could lead to new biocontrol methods, reducing reliance on chemical fungicides and mitigating environmental impacts.


																																																					
																				
																						More information:
												Patrick Fardella, Harnessing antifungal proteins from fungi to protect plants: a review of the Epichloe festucae antifungal protein Efe-AfpA, Grass Research (2024). DOI: 10.48130/grares-0024-0001
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A research team led by Jackson Laboratory (JAX) Associate Professor Vivek Kumar, Ph.D., has developed a non-intrusive method to accurately and continuously measure mouse body mass using computer vision. The approach aims to reduce the stress associated with traditional weighing techniques, improving the quality and reproducibility of biomedical research involving mice.


                                        
                                              
                                        
                                                                                                                                    In both human health and biomedical research, body mass is a critical metric, often serving as an indicator of overall health and a predictor of potential health issues. For researchers working with mice--the most common subjects in preclinical studies--measuring body mass has traditionally involved removing the animals from their cages and placing them on a scale.

This process can be stressful for the mice, introducing variables that can affect the outcome of experiments. Moreover, these measurements are typically taken only once every few days, further complicating the accuracy and reproducibility of data.

"We recognized the need for a better method to accurately and noninvasively measure animal mass over time," said Kumar. "The traditional approach not only stresses the mice but also limits the frequency and reliability of measurements, which can weaken the validity of experimental results."

To address this challenge, Kumar and his team of computational scientists and software engineers, including first author Malachy Guzman, as well as Brian Geuther, M.S. and Gautam Sabnis, Ph.D., turned to computer vision technology. Guzman, a rising senior at Carleton College, was a JAX summer student and continued the project as an academic year intern with the Kumar Lab.


                                                                                                        
    
        
        
        
    

                                                                                                                                            By analyzing one of the largest mouse video datasets used by Kumar previously to also assess grooming behavior and gait posture, they developed a method to calculate body mass with less than 5% error. The findings, published in the Aug 7 advanced online issue of Patterns, offer a new resource for researchers that promises to enhance the quality of a wide range of preclinical studies.

The research team faced several challenges in developing this method. Unlike the relatively static subjects used in industrial farming for body mass measurement, mice are highly active and flexible, frequently changing posture and shape, much like a deformable object.

Additionally, the team worked with 62 different mouse strains, ranging in mass from 13 grams to 45 grams, each with unique sizes, behaviors, and coat colors, necessitating the use of multiple visual metrics, machine learning tools, and statistical modeling to achieve the desired level of accuracy.

"In the video data, only 0.6% of the pixels belonged to each mouse, but we were able to apply computer vision methods to predict the body mass of individual mice," Guzman explained.

"By training our models with genetically diverse mouse strains, we ensured that they could handle the variable visual and size distributions commonly seen in laboratory settings. Ultimately, our statistical models to predict mass can be used to carry out genetic and pharmacological experiments."

This new method offers several key advantages for researchers. It enables the detection of small but significant changes in body mass over multiple days, which could be crucial for studies involving drug or genetic manipulations.

Additionally, the method has the potential to serve as a diagnostic tool for general health monitoring and can be adapted to different experimental environments and other organisms in the future.
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Ukraine to unleash robot dogs on its front lines
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Ukraine could soon unleash robot dogs on its front lines, replacing soldiers for perilous missions like spying on Russian trenches or detecting mines.


                                        
                                              
                                        
                                                                                    At a demonstration in an undisclosed part of Ukraine, the metallic dog known as model "BAD One" stood up, crouched, ran and jumped according to commands transmitted by its operator.

Stealthy and agile, they could soon become an invaluable ally on the front line for an Ukrainian army that is short on manpower to repel the Russian invasion, its makers said.

Low on the ground and therefore difficult to detect, the robot dogs can use thermal imaging to inspect enemy trenches or the inside of buildings in combat zones.

"We have surveillance soldiers who get sent on reconnaissance missions (who) are most of the time very highly trained people, very experienced people (and) always exposed to risks," said the operator who called himself "Yuri", as he showed it off to AFP journalists.

"This dog limits the risk for soldiers and increases operational capabilities. This is the core function of the dog," said the operator, who works for a British company providing military equipment.

A more advanced model, known as "BAD Two" could not be shown for security reasons.
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The device used in the demonstration has a battery that powers it for around two hours.

Useful for detecting mines or improvised explosive devices, the robot dog can also be used to carry up to seven kilos (15 pounds) of ammunition or medicines to hot spots on the battlefield.

"I can't say how many we deployed" in Ukraine, Yuri said, adding: "But it will have a significant impact on the operations and increase the safety of soldiers."

And if the robot dogs were ever to fall into Russian hands, he said, an emergency switch allows the operator to erase all its data.


                                                                                
                                        											
										                                                                                    
                                                (c) 2024 AFP
                                            

                                                                                
                                        
                                        
                                            
                                                Citation:
                                                Ukraine to unleash robot dogs on its front lines (2024, August 8)
                                                retrieved 8 August 2024
                                                from https://techxplore.com/news/2024-08-ukraine-unleash-robot-dogs-front.html
                                            

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

                                        

                                        
									

								



This article was downloaded by calibre from https://techxplore.com/news/2024-08-ukraine-unleash-robot-dogs-front.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Deliveroo shares surge on 'profit milestone'

                                                                                                                    

                                    
									    

    
        
            [image: Deliveroo delivered its first half-year profit]
             
                Deliveroo delivered its first half-year profit.
            
        

    


Deliveroo shares surged more than ten percent Thursday after the international food delivery app struck its first six-month net profit, an achievement described as a "major milestone" by its boss.


                                        
                                              
                                        
                                                                                    Profit after tax stood at PS1.3 million ($1.6 million) in the first half, which compared with a net loss totalling PS83 million in the January-June period last year, as the British company continued to cut costs and as revenue edged higher.

"I am pleased with the performance we have achieved this half," chief executive Will Shu said in an earnings statement, 11 years after establishing the group.

Deliveroo, which experienced surging demand during the COVID pandemic from lockdown-hit customers, has tens of thousands of self-employed riders--a status that continues to cause controversy.

Late last year, the UK Supreme Court ruled that Deliveroo riders were not entitled to trade union rights such as collective bargaining.

The company has faced also questions over its sustainability, highlighted by its failed stock market debut in 2021.

Its initial public offering had been London's biggest stock market launch for a decade, valuing the group at PS7.6 billion.

But its share price tumbled on launch day by almost one third from the IPO price of PS3.90 as investors questioned Deliveroo's treatment of its self-employed riders.

Following Thursday's update, its share price rallied 10 percent to slightly above PS1.40.
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Apple on Thursday announced changes to its App Store after the European Union accused the iPhone maker of breaking the bloc's landmark new digital rules.


                                        
                                              
                                        
                                                                                                                                    The EU said the App Store terms prevented app developers from freely steering consumers to alternative ways to pay, making Apple the first ever tech firm to face accusations of breaching a new law known as the Digital Markets Act (DMA).

Now Apple says there will be changes to comply with the DMA to address the findings of the European Commission, the EU's powerful antitrust regulator.

Brussels at the time said developers could only steer customers through a link in their app that redirected the user to a web page to conclude any contracts.

Regulators said Apple placed "several restrictions" meaning app developers could not communicate, promote offers and conclude contracts through the channel of their choice.

From the autumn, Apple said developers in the EU "can communicate and promote offers for purchases" wherever they want, for example, via an alternative app marketplace.

But in Thursday's announcement, Apple said the changes mean developers will have a new fee structure for customers linking out of an app for offers and content.

For instance, developers will have to pay a five-percent fee on sales of digital goods and services made on any platforms within a year of a user first installing an app with the ability to link out to a different channel such as a website.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Risk of fines

If the tech titans modify their platforms in accordance with EU rules, they can avoid large penalties. The DMA demands the EU wrap up any probe within a year of its start.

The charges against Apple came after the commission launched investigations in March into Apple, Facebook owner Meta and Google under the DMA.

Meta also faced formal accusations of violating the DMA in July.

The DMA gives big tech a list of what they can and can't do in business in a bid to increase competition in the digital sphere. For example, they must offer choice screens for web browsers and search engines to give users more options.

The law gives the EU the power to impose fines of up to 10 percent of a company's total global turnover. This can rise to up to 20 percent for repeat offenders.

Apple also faces daily penalties of up to five percent of its average daily worldwide turnover if found to be non-compliant.

Apple's total revenue in the year to September 2023 stood at $383 billion.

Battles with Apple

Apple is not the only company targeted by the DMA. Google parent Alphabet, Amazon, Meta, Microsoft and TikTok owner ByteDance must also comply with the DMA.

Online travel giant Booking.com will need to later this year, while the commission is also evaluating whether tech billionaire Elon Musk's X should also face the rules.

The App Store has been a source of contention with the EU, even before the DMA entered into force in March this year.

The EU slapped Apple with a 1.8-billion-euro ($2.0-billion) fine after similar findings in a probe launched in 2020 following a complaint from Swedish music streaming giant Spotify.

Apple has appealed against the fine.

The EU is also investigating Apple over changes previously made to comply with the DMA by allowing third-party app stores.
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