Books

The Backyard Birdhouse Book: Building Nestboxes and Creating Natural Habitats—René and Christyna M. Laubach. Believe it or not, all birdhouses should not be built alike, and not all birds will nest in such dwellings. With an emphasis on conservation, step-by-step construction techniques for building eight boxes are described. Details of nesting habits interlace profiles of 25 birds including bluebirds and purple martins with a proclivity toward nesting boxes. A concluding section offers landscaping tips. Storey, 1998, 203 p., color photos/illus., hardcover, $34.95.

The Case of the Missing Neutrinos: And Other Curious Phenomena of the Universe—John Gribbin. The astrophysics popularizer extraordinaire strikes again with essays detailing the most confounding yet essential aspects of the field. In essays he has written over the past 20 years, Gribbin ponders the fate of the sun over the next 100,000 years and why the sky gets dark. Additionally, he explains how the sun defines each planet’s atmosphere or lack thereof, and he considers what happened to the sun’s neutrinos on their voyage to Earth. From Intl Pub, 1998, 234 p., hardcover, $22.00.

Creating Mind: How the Brain Works—John E. Dowling. Harvard neuroscientist Dowling introduces his field to the novice by presenting two sections, the first covering the “nuts and bolts” of the brain and the second, its functions. The intricacies of neural networks, cell function, and organization in human brains is first explored and then contrasted to that of other animals. With the mechanics in place, Dowling elaborates on vision, consciousness, language, memory, and development. Norton, 1998, 212 p., illus., hardcover, $24.95.

Every Creeping Thing: True Tales of Faintly Repulsive Wildlife—Richard Conniff. Porcupines hardly seem warm and cuddly, but they are actually timid herbivores that rarely attack. Sandtiger sharks, on the other hand, are known to cannibalize their embryonic siblings. Following up his ode to invertebrates—Spineless Wonders—Conniff turns his attention to misunderstood vertebrates. Among other tales is that of David Wingate, who has reclaimed Nonsuch Island from environmental oblivion and now awaits the return of the cahow—a bird believed extinct for 350 years. H Holt & Co, 1998, 256 p., illus., hardcover, $25.00.

Euler: The Master of Us All—William Dunham. For the aficionado rather than the numerically timid reader, this biography centers on Leonhard Euler’s mathematical legacy in number theory, logarithms, infinite series, analytic number theory, complex variables, combinatorics, etc. Theorems and equations cram each page. A general overview of Euler and his predecessors introduces the book, and each chapter finishes with a survey of continuing work on its subject. A brief outline of his collected works—the Opera Omnia—rounds out the volume. Math Assoc Am, 1999, 185 p., illus., paperback, $29.95.

Looking for Earths: The Race to Find New Solar Systems—Alan Boss. Suddenly theories seemingly the stuff only of science fiction are becoming realities as extrasolar planets are discovered. Boss’ chronicle focuses primarily on the events of the last 10 years leading up to these disclosures. The scientists chasing these dreams—Peter van de Kamp, Michel Mayor, and others—star in Boss’ insider’s glimpse. The author’s accounts of the political fights over the SETI program and the “Woods-Hole Shootout,” where NASA officials duked out which programs would be funded in the next 5 years, portray the challenges astronomers face on Earth as well as in the stars. Wiley, 1998, 240 p., b&w plates/illus., hardcover, $27.95. 

The Promise of Sleep: A Pioneer in Sleep Medicine Explores the Vital Connection Between Health, Happiness, and a Good Night’s Sleep—William C. Dement and Christopher Vaughan. The founder of the Stanford University Sleep Research Center offers a wake-up call about the profound effects of sleep and its disorders. Sleep science has been Dement’s occupation since 1952. He worries that he’s worked in vain because ignorance of these problems abounds, even among physicians. Teamed with talented science-writer Vaughan, the two traverse the field explaining how to develop healthy sleep and recognize sleep disorders. Laden with case studies that personalize the data, the duo impart the benefits of sleep and its occasional dangers. Delacorte Pr, 1999, 524 p., hardcover, $24.95.  

The River Reader—John A. Murray, ed. Teddy Roosevelt battles the rugged Amazon in a canoe. Mark Twain reflects on the Mississippi. This anthology from the Nature Conservancy is full of such accounts. Experiences in and around rivers range over three continents and 200 years and capture the state of these waterways at various stages of their existence. Joseph Conrad, Annie Dillard, and Ernest Hemingway are some of the 22 “naturalists” whose stories are gathered here. Lyons Pr, 1998, 304 p., paperback, $17.95.

Human Growth Displays Ancient Roots

Three unfortunate youths who died about 800,000 years ago have provided a hint that the prolonged period of childhood growth and development in humans has surprisingly old origins.

This form of delayed maturation, accompanied by protracted child care and a complex social life, is often regarded as a hallmark of modern humans. However, the ancient youngsters, who may belong to a species that preceded Homo sapiens, exhibit a tooth-development pattern similar to that of people today, contends a research team led by paleobiologist José M. Bermúdez de Castro of the National Museum of Natural Sciences in Madrid.

“This evidence supports the view that as early as [800,000 years ago], at least one Homo species shared with modern humans a prolonged pattern of maturation,” the researchers report in the March 30 Proceedings of the National Academy of Sciences.

Bermúdez de Castro and his team found the fossils in a cave in northern Spain’s Atapuerca Mountains. They assign the specimens to a new species, Homo antecessor, although other investigators go no further than placing them in the Homo line (SN: 5/31/97, p. 333).

For each fossil individual, the scientists noted the relative maturity of pairs of teeth from the front and back of the mouth. The team then compared these data with dental measures obtained by other researchers for living apes and humans, as well as for older fossils in the human evolutionary family.

Only the Spanish fossils exhibited a pattern of dental development much like that of modern humans, with relatively late eruption of many teeth, the investigators say. The third molar in the Atapuerca specimens reached maturity sooner than in current European populations, although the timing of its appearance lies within the worldwide human range, they note.

Analyses did not allow for precise chronological age estimates for the three fossil individuals. Two died in early adolescence and one as a young child, according to the researchers. One of the adolescents exhibited a tooth deformation caused by a severe childhood growth disturbance.

Humanlike dental development in the Atapuerca fossils renders more plausible an earlier report that they had brain-case volumes nearly as large as those of modern H. sapiens, Bermúdez de Castro and his coworkers hold. The Spanish scientists had estimated this volume from a cranial fragment believed to have come from one of the fossil teenagers.

“There’s still some primitiveness in these teeth, but they also show the delayed system of maturation seen in modern humans,” comments anthropologist F. Clark Howell of the University of California, Berkeley. “The Atapuerca individuals seem to have crossed some kind of growth-related Rubicon.”

The new study provides “the first substantive evidence” for extended individual development before the emergence of H. sapiens, adds anthropologist Tim Bromage of Hunter College in New York City. Intriguingly, major abnormalities from the growth disturbance that afflicted one of the Atapuerca youngsters likely required the child to receive extensive care from adults, in Bromage’s view. “I find something human in that,” he remarks.

Neandertals, which lived from about 135,000 to 30,000 years ago, also exhibited a modern human life-history pattern, presumably retained from ancestors such as those at Atapuerca, Bromage says.

If the new findings indeed come from an earlier Homo species, they challenge the assumption that prolonged individual development can serve as a distinguishing trait of modern humanity, the New York researcher asserts.

Much remains unknown about the pattern and rate of growth in ancient human ancestors, according to Howell. Other Atapuerca remains, which date to 300,000 years ago and belong to a Neandertal-like species (SN: 4/10/93, p. 228), include juvenile specimens that the researchers now can subject to dental analyses, he says. 
—B. Bower

Genetic engineering eases laundry woes

Help is on the way for those who occasionally forget the Golden Rule of Laundry: Carefully separate the whites from the colors, lest your underwear emerge tinted pink from a stray red sock.

Researchers at Novo Nordisk Biotech in Davis, Calif., and its parent company in Bagsvaerd, Denmark, report a new detergent additive that can help prevent these laundry accidents. They began with a mushroom enzyme, called heme peroxidase, that can oxidize dyes and thus remove their colors. Then they genetically engineered it to survive in hot, soapy water, even with bleach.

Guided by the enzyme’s three-dimensional structure, the Novo Nordisk scientists first changed four amino acids to improve its stability. They also used a technique called directed evolution (SN: 5/9/98, p. 296) to make it more robust. 

They searched for other key amino acid locations by randomly mutating the enzyme, creating tens of thousands of variations. They selected the ones that functioned best and repeated the process, eventually yielding a set of about 100 enzymes.

Although improved overall, each of these enzymes could harbor both good and bad mutations, says Novo Nordisk’s Joel R. Cherry. To weed out detrimental changes, he and his colleagues cut the enzymes into fragments, each containing one mutation. Using the biochemical machinery of yeast, they randomly recombined the pieces in a process known as DNA shuffling.

Again, they screened tens of thousands of variations to find the best mix of mutations. The final enzyme, having seven amino acid changes, is 174 times more heat resistant and 100 times more chemically stable than the natural version. The group reports its results in the April Nature Biotechnology. 

“It’s a nice example of how directed evolution can solve a difficult problem,” says Frances H. Arnold of the California Institute of Technology in Pasadena. However, she suspects that in general, this wouldn’t be an efficient strategy to engineer enzymes because such a large number of variants must be screened. 

The potential laundry additive, like polymers already on the market, only picks up dye from the wash water, not from underwear already turned pink.                                           —C. Wu

A model of a mushroom enzyme that destroys dye shows seven amino acids (purple) important for the enzyme’s heat and chemical stability.

Common pollutants undermine masculinity

Some widespread pesticides and chemicals in plastics can induce reproductive impairment in males, according to seven new animal studies. These compounds wreak their havoc by blocking the action of male sex hormones as they program sexual development.

Phthalates, ubiquitous oily solvents that make plastics flexible, have become the most abundant synthetic chemicals in the environment. One of the new studies examines the effects of fetal exposure to either diethylhexyl phthalate (DEHP), a softening agent found in most polyvinyl chloride (PVC) products, or di(n-butyl) phthalate (DBP), an additive in mosquito repellents. 

L. Earl Gray Jr. and his colleagues at the Environmental Protection Agency in Research Triangle Park, N.C., administered the chemicals to female rats from weaning through lactation. They gave doses of 200 to 1,000 milligrams per kilogram of body weight. Then, they examined the exposed animals’ offspring.

Compared with rats whose mothers had no phthalate exposure, these offspring produced far less testosterone and exhibited a range of abnormalities. Sometimes one testicle was absent or appeared as just a sac of blood. Says Gray, “We’ve never seen anything like this.” 

Prenatal exposure to either phthalate also markedly reduced the size of a muscle that runs from the colon to the base of the penis. In some offspring, the epididymis, a sperm-storing organ, was similarly just a fraction of its normal size. 

Gray’s team catalogued these and also many abnormalities that had already been seen with compounds that block male sex hormones, or androgens. Many test animals bore classically feminine features such as permanent nipples. The data were presented at the Society of Toxicology meeting in New Orleans 2 weeks ago and in the just-released January­March issue of Toxicology and Industrial Health.

Paul M.D. Foster and his coworkers at the Chemical Industry Institute of Toxicology in Research Triangle Park, N.C., have also been exploring the antiandrogenic effects of phthalates. At the toxicology meeting, they reported that developmental defects in males can be triggered by as little as 100 mg of DBP per kg of body weight in the mom.

DBP halves testosterone production by the fetal testis, their data show. Foster says that the testis responds by making twice as many cells, a proliferation that resulted in testicular tumors after the animals became adults.

Many commercial chemicals possess antiandrogenic activity. In four other papers in Toxicology and Industrial Health, Gray’s group describes two fungicides (vinclozolin and procymidone), an herbicide (linuron), an insecticide (methoxychlor), and several other compounds that provoke various degrees of reproductive-organ abnormalities. 

Linuron’s devastating effect had a surprising aspect. Usually, external genital abnormalities hint at disruption of internal organs. However, although few linuron-exposed offspring had external malformations, “50 percent had a missing epididymis or malformed testis,” Gray observes.

His group also showed that exposing young male animals to an antiandrogenic pesticide just before puberty dramatically delays the maturation of their sexual organs.

The doses at which all these adverse effects occurred in the rats approach the “range where people are actually being exposed,” says Boston physician Ted Schettler, science director of the Science and Environmental Health Network. Dialysis patients and people receiving fluids in most plastic intravenous bags get substantial exposure to DEHP, he notes. Many PVC-based teething toys also leach this phthalate.

Peter L. deFur of Virginia Commonwealth University in Richmond worries, “I think there is more than just a possibility that [current human] exposures to antiandrogens are having measurable health effects.” 
—J. Raloff 

Epididymis (left) from an unexposed adult rat is more than three times the size of this sperm-storing organ (right) from an animal exposed to DBP in the womb. 

Allergy vaccine may take fear out of nuts

An experimental vaccine mitigates the worst effects of peanut allergies, at least in mice. The DNA-based oral vaccine immunizes the animals against a peanut protein that otherwise can kill them.

Food allergies are becoming more common and more dangerous (SN: 9/7/96, p. 150). Between 100 and 125 people in the United States die each year of allergic reactions to peanuts or true nuts, says Wesley Burks of the Arkansas Children’s Hospital in Little Rock.

A further price of a peanut allergy is eternal vigilance. Peanuts pop up in many unexpected places, such as egg roll wrappers, chili fillers, and protein extenders in cake mixes. Once sensitized by exposure to peanut proteins, someone with a severe allergy may react the next time with hives or a swollen mouth and throat. In the most serious response, respiratory distress called anaphylactic shock, the person may die unless immediately given a shot of epinephrine.

Kam W. Leong and his colleagues at Johns Hopkins Medical Institutions in Baltimore successfully vaccinated mice against peanut allergens, they report in the April Nature Medicine. The mice had been bred to develop peanut allergies. Once sensitized, the mice react to the same peanut proteins that allergic humans do, one of which is called Arah2. 

To make the vaccine, the researchers created balls of two molecules: the peanut DNA that encodes Arah2 and a compound called chitosan, which is found in crustacean shells. The chitosan protects the DNA and delivers it to cells in the intestines. Those cells then produce Arah2.

This result provides “a testament to the extraordinary ability of DNA to make itself at home wherever it can find the machinery for [making proteins],” comment Miriam F. Moffatt and William O.C. Cookson of John Radcliffe Hospital in Oxford, England, in an article accompanying the report.

Rather than triggering an allergic sensitivity, the vaccine protects the mice against a violent reaction. Vaccinated animals produce fewer of the antibodies, including immunoglobulin E, that fuel allergic reactions.

When subsequently exposed to peanut extracts, the vaccinated mice reacted more mildly than unprotected mice, which had been given either naked Arah2 DNA or chitosan alone.

“This is the first time that an oral vaccine against peanut allergens works,” says Leong. The mice were vaccinated before they had their first allergic reaction to peanuts, when their immune systems were presumably more adaptable than those in mice that had already gone through an allergic response, he says.

Even if researchers develop a human version of this vaccine, Burks says, “people [with allergies] would not be able to go out and eat peanuts.” A vaccine that weakens allergic reactions, however, could save lives. 
—L. Helmuth

Carbon dioxide buildup harms coral reefs

The accumulation of carbon dioxide gas in the atmosphere is stunting the growth of coral reefs and represents a significant new threat to reef health, reports an international team of researchers. 

“We haven’t really considered this before, and it appears that it is a potential problem,” says biologist Joan A. Kleypas of the National Center for Atmospheric Research in Boulder, Colo.

Recent experiments conducted in French aquariums and in the Biosphere 2 facility in Arizona alerted Kleypas and her colleagues to the dangers of carbon dioxide. In these controlled situations, scientists found that adding extra carbon dioxide to water slowed the rate at which coral and reef-building algae secrete the mineral calcium carbonate—the skeleton of reefs. 

“We have very limited information, but all the information is pointing in the same direction,” says Jean-Pierre Gattuso of the National Center for Scientific Research in Villefranche-sur-mer, France, who conducted some of the experiments. Kleypas, Gattuso, and their colleagues calculate the potential effects of carbon dioxide on reefs in the April 2 Science.

The news will come as a surprise to many biologists because they have largely ignored how reef organisms respond to carbon dioxide changes, says coauthor Robert W. Buddemeier, a geochemist at the University of Kansas in Lawrence. 

As carbon dioxide pollution accumulates in the atmosphere, it seeps into the upper ocean and reacts with water. These reactions increase the concentration of bicarbonate ions (HCO3-) and decrease the concentration of carbonate ions (CO32-). Coral, clams, and many other organisms build their shells by bringing carbonate ions together with calcium to form three different calcium carbonates. 

Coral and a group of organisms known as calcifying algae require a higher concentration of carbonate ion and hence are more vulnerable to the extra carbon dioxide than are clams, say the researchers. 

Since the beginning of the Industrial Revolution, carbon dioxide amounts in the atmosphere have risen from 280 to 365 parts per million. This has caused a 6 to 11 percent decline in calcium carbonate formation by coral and calcifying algae, calculate the authors. This rate of growth, they project, will drop another 8 to 17 percent by the time carbon dioxide amounts double, expected midway through the next century.

The change will not kill coral, but it will slow its growth and weaken reefs. “The coral is likely to be more fragile, more susceptible to storm damage, erosion, and breakage,” says Kleypas.

Stephen V. Smith of the University of Hawaii at Manoa says that “from the point of view of coral reef communities, this potentially is an extremely important consideration.”

The experiments conducted thus far, however, have only examined a small number of species over short periods. Researchers need to test other species, he says, and also determine whether coral and calcifying algae eventually adapt to the extra carbon dioxide.

Coral reefs are already under siege from a vast assortment of threats, ranging from pollution to the recent problems of bleaching linked to excessive ocean temperatures (SN: 6/15/96, p. 379). The burden of additional carbon dioxide is adding another significant source of stress, says Kleypas.

Given all the problems, Buddemeier sees a bleak future for coral reefs: “A lot of the pretty reefs that people like to look at and fish in and that provide breakwaters are not going to be with us for a whole lot longer.”  —R. Monastersky

Reefs and carbon dioxide: Not a gas. 

Cloud of bloated atoms takes hot shots

Using drifting, highly excited atoms as light-sensitive film, researchers have created a new type of camera for making images from infrared light.

Although the prototype device misses much of the light from its subject, its potential advantages over current technology include a faster shutter speed and the ability to be tuned to a particular wavelength. The camera also needs no cooling and works over an exceptionally large range of wavelengths—from 1 to 100 micrometers, its developers say.

“What we present here is a completely different approach” to infrared imaging, says Bart Noordam of the FOM Institute for Atomic and Molecular Physics in Amsterdam. He and his colleagues describe their camera in the March 29 Applied Physics Letters.

Infrared pictures have proved useful in a wide range of applications, such as night vision, analysis of the composition of surfaces, and observations of celestial bodies enshrouded in dust that blocks visible light (SN: 3/13/99, p. 172). Infrared radiation, beginning just beyond the red end of the optical spectrum, has longer wavelengths and lower energy than visible light.

Because of their low energy, infrared photons pose a challenge for camera designers. Standard semiconductor detectors have limited sensitivity in the infrared because the photons have too little oomph to dislodge electrons and so create a telltale current. Moreover, all materials—including camera parts—at room temperature give off their own infrared radiation, usually making cooling necessary to suppress those emissions.

Noordam and Marcel Drabbels, also of FOM, have devised a way to use a cloud of atoms in an unusual state in order to detect infrared photons. A Rydberg atom is an atom having one highly excited electron orbiting far beyond the usual electron paths. Physicists have known about Rydberg atoms since the start of the century, but in the last 2 decades, lasers have made them easy to generate.

The Dutch team beamed an ultraviolet laser into clouds of potassium or cesium atoms, in each case creating a half-millimeter-thick sheet of Rydberg atoms. Because the far-flung electrons are weakly bound to the rest of the atom, low-energy photons from an infrared source can knock them loose. This creates electrically charged ions. An electric field accelerates the ions into an amplifier, which in turn excites a phosphor on a screen, creating an image of the infrared light.

By adjusting the ultraviolet laser and the electric field, the researchers can select which infrared wavelengths the Rydberg atoms most readily absorb. Having a tunable camera makes cooling unnecessary because background radiation can be screened out, Noordam says.

“It’s a very clever idea,” says Thomas F. Gallagher of the University of Virginia in Charlottesville. On the other hand, “it’s not spectacularly efficient,” he notes.

Indeed, the camera catches only 1 in 100 million infrared photons that pass through it. The inventors are working on a new version, with a thousand-fold greater efficiency, but the ultimate performance of the camera remains uncertain, they say.                               —P. Weiss

Infrared light passed through a stencil and ionized atoms to record these letters.

Color code tells bumblebees where to buzz

Some flowers spurt pollen only when bees shake them just right. Some display color changes that welcome insects to the freshest blooms. A flashy North American wildflower depends on the rare combination of these specialized pollination tricks, report Brendon M.H. Larson and Spencer C.H. Barrett of the University of Toronto.

In the April American Journal of Botany, they analyze the wiles of the Virginia meadow beauty, Rhexia virginica. For an East Coast flower, it “looks too gaudy, too tropical,” Barrett says. Pink petals contrast with big yellow anthers, the organs that hold pollen.

Insects can grope around all they want, but the anthers release pollen only when buzzed. Bees must shiver their wing muscles, turning into live tuning forks. Vibrating anthers then shoot out streams of pollen grains. Bumblebees, but not honeybees, shake pollen from the meadow beauty, report Larson and Barrett.

Only a few buzz-pollinated species change color with age. However, on the second day a meadow beauty blooms, its anthers fade to pink. At this point, “reproductively, they’re kind of eunuchs,” Barrett notes. Both male and female gametes have lost most of their viability.

However, these otherwise useless blooms bulk up the display, Barrett points out. He and Larson found that big clumps of flowers, even if some are has-beens, attract more bees than skimpy displays. Once bees arrive, they use the color cue to focus on first-day flowers.

The meadow beauty’s strategy avoids penalties of a plant’s overselling itself. The danger of flashing a lot of flowers, Barrett says, is that pollinators just crawl from one to another, wasting the plant’s pollen on its own blooms. The color change allows an alluring display but minimizes the number of blooms any insect visits. There’s lots of dazzle, he says, “but the plant isn’t paying the cost.”

This observation fits with non-buzz flowers that shift color with age, notes Martha R. Weiss of Georgetown University in Washington, D.C. In the systems she studied, display-mass matters and pollinators avoid spent blooms  (SN: 4/11/98, p. 233). She also tallied at least 214 genera that include color-shifting flowers.

About 8 percent of the world’s flowers rely on buzz pollination, says Stephen Buchmann of the Department of Agriculture’s Carl Hayden Bee Research Center in Tucson. Many of these grow in the tropics, but temperate-climate tomatoes, potatoes, blueberries, and cranberries need a good buzz, too.

In tests on a nightshade flower, buzzing threw out pollen with about 30 times the acceleration due to Earth’s gravity, Buchmann reports. He notes that test pilots pass out at around 8 g. 

Buchmann is puzzled by the honeybee’s failure as a buzz pollinator. It’s not that honeybees are too small. Bees half the size of a honeybee’s head can successfully buzz flowers, he reports. Honeybees certainly buzz in other circumstances. Yet in blooms that need buzzes, honeybees “do crazy things like stick their tongues into the [anther] pores,” he says. “It’s very weird.”
—S. Milius

Large-format camera snaps first color view

By adding a large-format camera to a large telescope, astronomers have increased their ability to rapidly scan large patches of sky. Last week, the European Southern Observatory (ESO) released an arresting image of the spiral galaxy NGC 4945, which is similar in shape to the Milky Way and resides about 13 million light-years from Earth. 

Astronomers installed the camera, known as the Wide-Field Imager, last December on a 2.2-meter telescope at the ESO’s La Silla Observatory in La Serena, Chile. The camera consists of a mosaic of eight solid-state light detectors containing 67 million electronic sensors. Only a handful of other telescopes have cameras with so large a light-collecting area, and the La Silla telescope is the largest of those that will observe the sky full-time. As mounted, the camera has a field of view that would easily contain the full moon. Objects detected can then be viewed in greater detail with even larger, high-resolution telescopes.     —R. Cowen

This multiwavelength image shows the galaxy NGC 4945, viewed nearly edge-on. Most of the pointlike sources outside the main body are stars in the Milky Way, but a few are globular clusters, huge groupings of stars, within NGC 4945. Red light is shown as true color, blue as green, and ultraviolet as blue.

Marijuana mimic reveals brain role

Many psychoactive drugs mimic compounds in the brain. For example, tetrahydrocannabinol (THC), the primary active ingredient in marijuana, binds to the same receptors in the brain as a natural lipid molecule called anandamide.

Daniele Piomelli of the University of California, Irvine and his colleagues have now uncovered one of anandamide’s normal roles. When released by nerve cells, it inhibits other nerve cells that trigger physical actions. It does this by blocking the action of the brain chemical called dopamine. Anandamide thus joins ranks with dopamine as a neurotransmitter, a chemical that carries signals between nerve cells.

 “These findings promise to propel anandamide from candidate status to bona fide neurotransmitter and may also open the door to novel treatments for diseases that involve dysfunction of dopamine signaling,” says David W. Self of the Yale University School of Medicine. Self’s commentary appears with the report from Piomelli’s group in the April Nature Neuroscience.

The researchers studied anandamide in the striatum, a brain region where excessive dopamine activity may contribute to Tourette’s syndrome, autism, and obsessive-compulsive disorders. The striatum is densely seeded with both dopamine and anandamide receptors, notes Piomelli. 

To examine whether the striatum normally uses anandamide, the team artificially stimulated neural activity in that region in live mice. This triggered anandamide’s release by nerve cells.

To test the interplay of neurotransmitters, the scientists injected other mice with dopaminelike drugs. One such drug prompted an anandamide flood. 

“When we first saw that spectacular increase in anandamide levels, we didn’t believe it,” says Piomelli.

Normally, dopaminelike drugs added to the striatum make the animals hyperactive: They sniff, rear, and move about excessively. When the investigators gave the animals a dopaminelike drug plus one that blocks anandamide’s effect on nerve cells, the mice became even more hyperactive. Piomelli concludes that anandamide normally regulates the activity of dopamine in the striatum. It’s a dopamine “brake,” agrees Self. 

The brain quickly inactivates anandamide, notes Piomelli. Drugs that block this process would allow anandamide to linger, he says, and might help treat dopamine-related diseases. There is already some evidence that boosting anandamidelike activity by administering THC alleviates symptoms of Tourette’s syndrome, says Piomelli.          —J. Travis

Look Who’s Dancing

Check out the steps—and the songs—of honeybees’ overlooked cousins 

By SUSAN MILIUS

What do you envision when you think about dancing bees? Honeybees, yes, as they loop around in celebration of a food find. But what about the bigger, fatter, more bumbling bumblebees?

At first, the notion seems out there with elephants in tutus and Volkswagens in flight. Yet certain bee researchers are taking the question seriously. Likewise, analysts of the huge tribe of stingless bees are monitoring pirouettes as well as frenzies of bee beeping in search of communication that compares with honeybees’.

The past year saw reports of both bumblebees and stingless bees doing something like dancing. Some of these discoveries, like the song-and-dance routines of the stingless Melipona bees, rival honeybee sophistication. Other aspects are to honeybee choreography what the mosh pit is to the minuet, but never mind. They provide hints about the origins of bee communication. 

After a long period of investigating whether honeybee dances really convey information, research on bee communication today often starts with the premise that honeybee movements encode specific information. The newer explorations have arisen from such questions as, How have abstract communication systems evolved? and, If they’re so great, why don’t more creatures have them? Before answering these questions, biologists need to determine just which insects are communicating what.

The basis for this work—the idea that a honeybee buzzing home from a great flower patch dances out the location for her sisters—faced a dramatic challenge during the past 3 decades.

The fundaments of one side in the debate remained true to the groundbreaking Austro-German zoologist Karl von Frisch.  After trying to decode honeybee dances for some 25 years and bungling the explanation the first few times, von Frisch hit upon a simple system. 

When returning triumphant from a distant food supply, a forager jogs in a figure eight across one of the combs inside the hive. Her angle of orientation indicates the direction to the food. The dance’s duration, in particular the number of shimmies, or waggles, indicates the distance. This discovery was greeted as the first clear-cut example of a system besides human language that offers an abstract representation of the real world. 

During the late 1960s and early 1970s,  Adrian M. Wenner, now an emeritus of the University of California, Santa Barbara, began an ongoing challenge to that idea. Although he and his colleagues acknowledged that honeybee wigglings might very well correlate with locations, the researchers proposed that foragers weren’t actually using that information but were just sniffing their way to the food. 

The challenge “resuscitated a field that had almost fallen asleep,” recalls James L. Gould of Princeton University. New generations of experiments applied tighter controls and reached heroic proportions without resolving the issue. Gould himself, as an undergraduate, worked on one project that required chilling 4,000 bees, one at a time, to slow them down so he and his colleagues could glue form-fitting, numbered plaques to their bodies.

The experiment that did sway opinion toward the honeybee dance as communication was reported from Gould’s lab in 1975. His research team took advantage of the observation that bees orient their dance differently in light than in the dark. 

To detect dim light, the bees use three eyelike organs called ocelli, which nestle among the hairs atop their head. When researchers painted over the ocelli on some bees, those insects couldn’t detect an artificial light placed near their special glass-sided hive. Unpainted bees, however, acted as if they were in pale daylight.

Thus, when a painted forager returned and shared her news of finding a feeder, she oriented as if she were dancing in the dark, defining angles by gravity alone. Her unpainted audience, however, assessed the angles in relation to the light. The dancer, thus, unwittingly gave the wrong directions to her audience.

Even though scent could have drawn them to the feeder she visited, most of the bees went to an identical feeder in a different spot. When researchers shifted the light to another position, the bees shifted, too, going to still another—also wrong—feeder.

“Though locale odors may be important under some circumstances, it is clear that the language really does communicate direction and distance,” Gould concludes.

The honeybee’s dance, “to many scientists, including me, remains the single most fascinating discovery in animal communication,” says Lars Chittka of the Bavarian Julius Maximilians University of Würzburg in Germany. The origins of such a dance especially intrigue him. 

To reconstruct ancient behaviors, modern observers can look at family trees, he explains. If the same trait shows up in two close relatives, their common ancestor probably had it, too. Otherwise, the trait would have had to evolve independently twice, a less tidy explanation. 

Chittka and other researchers have begun to look for dance communication in other bees, including bumblebees. “The general opinion, for several decades, was that bumblebees do not have any communication system whatsoever,” he says. “It was assumed that they do not dance. Everyone believed it, and so no one tested it.”

Bumblebees, like honeybees, harvest nectar and pollen and will crowd around feeders that researchers stock with sweet treats. Bumblebees returning from a feeder tear around in their nest for several minutes. They zigzag over the combs, occasionally bumping nest mates, before flying off again.

In the nest, “other bees seemed not at all impressed by such excited foragers,” Chittka notes. The next foragers to set off, who might have picked up tips from the earlier forager, weren’t more likely to visit the place she had discovered than other spots.

The original forager’s apparently useless frenzy puzzled Chittka. “If colony fitness depends on food intake, why would foragers waste precious time that could be spent collecting food?” he asked.

Looking more closely at three species, Chittka and Anna Dornhaus found that the bees in a nest check out a returning forager’s deposits to the communal honey pots within the nest. Among Bombus impatiens, Bombus occidentalis, and Bombus terrestris, all the other foragers took off to search for food when a bee brought home several loads from a good site. 

To see if the nest mates were just reacting to a sudden surge in their nectar deposits, the researchers inserted what they call a ghost forager. With a syringe, they injected small bonuses into the honey pots. The ghost did motivate nest mates to go out and get busy, but not in the same numbers as a real bee did.

Checking for some signal produced by foragers, Chittka and Dornhaus placed two nests near each other but separated them by wire mesh. When foragers from one colony returned after a successful run and rushed through their nest, bees from both colonies took off. Yet the neighbors stopped responding when researchers separated the two colonies with clear plastic wrap.

Perhaps the excited racing spreads some kind of pheromone message through the colony, Chittka muses. “Admittedly, this scenario is speculative, but at present there is no better explanation.”

The forager does seem to be communicating something, albeit in a primitive mode, Chittka insists. He goes so far as to call bumblebees’ performance a dance, though he qualifies the term. “While honeybees perform a pretty ballet,” he says, “bumblebees perform something more like a slam dance.”

Stingless bees can get much more sophisticated, reported James C. Nieh of Harvard University in a series of papers last year. The more than 300 species of these bees in some 50 genera strike him as holding rich possibilities for comparative studies of what communication systems evolve under which circumstances. Whereas honeybee species resemble each other strongly, stingless bees offer a little of almost everything.

The group sweeps around the globe but does not reach into the United States. They may be stingless, but they’re hardly defenseless, Nieh points out with considerable feeling. Many bite, and some can produce a chemical weapon. “They spit at you, and it sort of melts away your skin,” he says.

Stingless bees include vulture bees, which forage for dead flesh. They drool on their treasures, partially dissolving them so they can bring home the protein. Another stingless bee lives only in termite nests. Others descend in a cloud on well-provisioned nests of another species, emitting lemony fumes that send the rightful owners packing without much resistance. Most stingless bees, however, gather nectar and pollen or other sweets the same way that honeybees and bumblebees do. 

Work by one of von Frisch’s students, Martin Lindauer, in the 1950s and by Harald E. Esch of the University of Notre Dame (Ind.) in the 1960s found considerable diversity in the way stingless bees invite their friends to join them at the buffet. Some species lay scent trails to the food. Others guide the pack of foragers back. 

Describing the first communication system that may be representational in stingless bees, Esch reported that two Brazilian species of Melipona broadcast sound pulses whose durations correlate with the distance to the food that they’ve just found.

Another species, Melipona panamica, combines sound, motion, and scent for surprisingly informative communication, report Nieh and David W. Roubik of the Smithsonian Tropical Research Institute in Panama City, Panama. They recently noted that most nest mates of a recent forager flew to the feeding station she had just visited, even when it was 100 meters away and an identical station lay just 5 m from the nest.

When researchers arranged the food so that foragers had to find their way over water, the bees still visited the target feeder. So, the foragers are not laying scent trails, Nieh and Roubik conclude.

Scent does seem to play a role though, they report. They let bees visit a feeder and then traded it with one nearby. When the next wave of foragers arrived, they went to the station that had just been visited, even though it now stood in the wrong place (although a similar distance from hive). The scent doesn’t seem to carry more than 2 to 4 m from the target, however.

The communication system that the researchers have pieced together for this stingless bee bears only a passing resemblance to the honeybees’. When one of the stingless bees comes home after a good trip, she unloads her booty and beeps in loud pulses. “You can hear them, standing outside,” he reports. His kinder, gentler rendition sounds a little like a dump truck backing up but with a lower pitch. 

The sounds come from intense, high-speed contractions of muscles that make the wings vibrate and possibly the nest too. “It’s very frantic,” he reports. The bees, having no eardrums, gather around the returning forager to pick up the vibrations, sometimes bending their antennae near. This message conveys the height of the food source, Nieh explains. Faster beeps mean food higher in the forest canopy.

Next, the forager makes semicircular turns, beeping the whole time. Nieh and Roubik tried to wring information out of some aspect of the motion, like the angle of orientation and pattern of clockwise versus counterclockwise turns. However, the motion may signal only a change of topic. Beeps during the turning correlate with distance, certain pulses growing longer as distance increases.

The bees seem to communicate direction, but Nieh thinks that happens outside the nest. The researchers nabbed the discoverer of a feeding station as she emerged from the nest. Without her, the others must try to find the food relying only on messages they’d gotten inside. The new foragers blundered to feeders at the right distance and height but showed no preference for direction.

With all the elements in place, however, these bees seem able to communicate a location in three dimensions, Nieh points out. In contrast, honeybees don’t seem to indicate height. The difference may reflect their habitats. Stingless bees forage in tropical forests where they may dine on flowers blooming high in the canopy or fruit that has fallen to the floor. Most honeybees live in temperate regions instead and gather nectar and pollen relatively near the ground.

Both the honeybee and stingless-bee systems, Nieh notes, mix presumably simple methods, like scents, with fancier ones, like specialized motion. “There are many ways information can get garbled,” he says. “It’s good to be redundant.”

The amount of information that honeybees, bumblebees, and stingless bees exchange inside the nest has inspired Nieh to speculate on the advantage of elaborate communications. The supposedly simpler methods, trailing scent droplets like bread crumbs, for example, could tip off competitors as well as the crew from the home nest. What happens inside a nest, however, becomes much harder for foreigners to observe.

Advantageous as that shift inside might be, it does require some way to abstractly represent the larger world. Such a system might develop under pressures of intense competition from other hives, Nieh speculates. Or, to put it another way, representational language could be just one way of countering espionage.  
 n

The inner life of stingless-bee nests is coming to light now that James Nieh has developed a special observation hive that suits the tropical species Melipona panamica.

Melipona bees (above) can feed high in the tropical canopy or on the jungle floor, so researchers have not been surprised that the insects can communicate the height of a food find. Honeybees, mostly temperate foragers, don’t bother with height.

Marking stingless bees with tiny numbers and offering them feeders stocked with sugar solution has allowed researchers to show that nest mates of a forager flew to the food she had just discovered even if it was 95 meters farther from the nest than an identical feeder.

Inside the hive, a stingless bee forager communicates the height of a food source by the length of her buzzes, and then with a second burst of buzzing while turning, she reports the distance to the source.

Biology

Scientists’ lights blind deep-sea shrimp

The pink clothespin-shaped eye spot on the back of a deepwater shrimp appears to go permanently blind when blasted by the light from scientific craft exploring the ocean.

The latest evidence comes from Peter J. Herring and his colleagues at Southampton Oceanography Centre in England. In the March 11 Nature, they describe shrimp with chalky-white eyes, indicating degraded photopigments, at two fields of hydrothermal vents on the Atlantic seabed. 

At one site, most of the shrimp collected were blind. That vent field, called Lucky Strike, had been visited often by light-beaming submersible craft. The other site, called Rainbow, had been visited for the first time only a month before Herring’s team sampled the shrimp in 1997. Fewer animals with degraded pigments turned up there. 

The damage reminds Herring of problems in the deep-water crustacean Nephrops. Well-intentioned fishers off Scotland tossed undersized catch back into the water, not realizing that surface light had blinded the creatures. 

Scientists observing vent shrimp need to be aware that the animals may already have been blinded, Herring observes. “It’s a cautionary tale,” he says.

The warning is not new to vent scientists (SN: 2/11/89, p. 90; 1/1/94, p. 14). Herring’s group has now “stated the case more strongly,” says Robert N. Jinks of Franklin and Marshall University in Lancaster, Penn. He and his colleagues in 1995 published descriptions of shrimp eyes and predicted damage.  

Jinks favors the idea of setting aside certain vents as dark sanctuaries until scientists develop gentler observation techniques. “I think we need to worry,” he says. 
—S.M.

Chipmunks’ unpleasant reminders

 Want to remember which kitchen cupboard is bare? Just urinate on it.

That may be the strategy among least chipmunks (Tamias minimus), suggest Lynn Devenport of the University of Oklahoma in Norman and his colleagues. Red foxes, coyotes, and wolves have been known to leave such marks at empty larders. A report in the March Animal Behaviour, however, provides the first description of that behavior in a rodent, the authors say.

They noticed that chipmunks sometimes urinate, seemingly purposefully, after they dug up seeds. Otherwise, the animals rarely relieved themselves in open areas. Checking videotapes of laboratory chipmunks, the researchers saw none making wet spots farther than 4 centimeters from a wall or other sheltering object unless the animal had just found food. Then, the animals increased that distance to up to 18 cm. Chipmunks so marked about a third of the depleted patches, but they did not urinate on spots still holding goodies. 

Researchers next put urine-laden sand on richly stocked patches that the lab chipmunks had already sampled but not depleted. All 16 of the test animals immediately moved on to an unmarked, skimpy patch. When none of the patches  were marked, chipmunks harvested the bonanza first. In the wild, in a version of this experiment, chipmunks dug out the unmarked patches first in 15 out of 20 observations. All in all, Devenport sees the urine markings as a means of bookkeeping for foragers. 
—S.M. 

A deep-sea shrimp, its eye spot (arrow) still pink, might be able to detect the glow from hydrothermal vents that spew water of 360°C.

Biomedicine

Help is on the way for insomnia

Behavioral changes and a frequently prescribed medication can help elderly people overcome insomnia, the most common sleep disorder, a U.S.-Canadian study finds.

For 8 weeks, researchers tracked the sleeping patterns of 72 people, average age 65, who suffered from insomnia but not from other medical or psychological disorders. Seventeen of the participants took a sleeping pill called temazepam an hour before bedtime, 18 used techniques that promote better sleep, 19 did both, and 18 received an inert pill. All participants recorded sleep information in diaries at breakfast.

The training required participants to limit time in bed to periods of sleep or sex, to awaken at a set time every morning, and to get up within 15 minutes if unable to fall asleep. Daytime naps of 1 hour were permitted, but only before 3 p.m. 

Because a key problem in the elderly is the inability to return to sleep after waking in the night, researchers focused on time awake after having fallen asleep. Participants who received both training and medication reported nearly a two-thirds reduction in such time awake. Those receiving only the training saw a decline of slightly more than half, while people getting only medication had a reduction of slightly less than half. The placebo had little effect, researchers report in the March 17 Journal of the American Medical Association.

During the 3 nights before and after the trial, each participant was monitored while sleeping in a laboratory. These findings supported the diary information. Reports filed 3, 12, and 24 months after the end of the test showed that volunteers receiving sleep-training techniques had the least insomnia.

To alleviate sleep anxiety, the participants getting training were also counseled about sleep misconceptions. For example, they were told that there is no need for a person to sleep 8 hours, says study coauthor Charles M. Morin of Laval University in Sainte-Foy, Quebec.

Awakening daily at a set time can be difficult for people with insomnia, but it serves a purpose, Morin says. “We have internal clocks that synchronize our sleeping cycle,” he explains. A full-time job often enforces the cycle for working adults. 
—N.S.

Vinegar swab reveals cervical problems

A simple, low-technology procedure may provide an inexpensive means for health officials in developing countries to diagnose precancerous cervical lesions, U.S. and Zimbabwean researchers report in the March 13 Lancet.

Six nurse-midwives screened 2,144 women attending clinics in Zimbabwe. They checked for cervical lesions by first taking a Pap smear—a scraping of cells that are analyzed in a lab for abnormal growth. Afterward, they swabbed each woman’s cervix with a mild vinegar solution and observed the tissue with a flashlight. The nurse-midwives recorded whether any cervical tissue turned white when exposed to the vinegar, a reaction that can signal abnormal cell growth.

The researchers then took cells for a biopsy or gave the women a colposcopy examination, in which the cervix is closely inspected under magnification. These techniques indicated that 77 percent of the vinegar tests showing signs of abnormal cells were accurate, whereas only 44 percent of the positive Pap smears were correct, says study coauthor Lynne Gaffikin of Johns Hopkins University in Baltimore. The poor Pap-smear results may have stemmed from flaws in either sample collection or laboratory evaluation, she says.

In screening for cervical cancer, the standard in industrialized countries is a Pap smear and, if indicated, colposcopy. Such services don’t reach many rural people in developing countries, Gaffikin says. The vinegar-swab and naked-eye inspection by a nurse “provides great coverage in not as many steps” as the other techniques, she concludes. 
—N.S.

Quantum Internet

The quirks of quantum mechanics may lead to better 

computer networks

By PETER WEISS

Feverish experimentation now under way in labs around the world may one day lead to quantum computers. These extraordinarily powerful calculating machines would employ as their bits not electric circuits but particles that obey the strange rules of quantum mechanics. These devices are years away at best—maybe decades, maybe more.

Scientists dare to dream, anyway—not only of quantum computers but also of linking them together into networks. The connections between the machines would operate on quantum mechanical principles, too.

Fueling those dreams is a growing ability to transfer delicate quantum information from one place to another. New experiments that stretch quantum mechanical effects across distances of kilometers are providing encouragement.

Theorists are fanning the flames as well. Studies of how such hypothetical networks would compare with conventional ones hint that greater computing power waits to be unleashed.

H. Jeff Kimble, an experimenter and theorist at the California Institute of Technology in Pasadena, foresees such networks having a widespread impact. “One could imagine a quantum Internet in the future,” he says. It would be a more complex web than the one that currently spans the globe and would employ communication capabilities not possible with conventional technology.

“Such a network can do heroic things,” he predicts.

Less than 2 years ago, scientists succeeded for the first time in making information appear to leap instantaneously from one place to another without passing through the intervening space. In independent experiments, scientists in two European laboratories transferred a characteristic of one photon—the elementary particle of light—to another photon via a technique called quantum teleportation (SN: 1/17/98, p. 41). Researchers say quantum teleportation will be an essential ingredient of both quantum computers and networks.

Teleporting a photon’s state is the equivalent of sending just one quantum bit, or qubit, worth of information. Unlike a conventional bit, which must represent either 0 or 1, a qubit represents a mixture of 0 and 1 called a superposition. Only when a measurement is actually made, which destroys the superposition, is the qubit forced into a specific value.

While wonderfully versatile, a qubit still packs only one nugget of information. Recently Kimble and his colleagues have shown experimentally that quantum teleportation using light beams, made up of many photons, may be able to carry a great deal more information, enough perhaps to support practical computing.

Kimble’s team and scientists from Aarhus University in Denmark and the University of Wales in Bangor shipped a characteristic of a pulse of light across a lab bench to another pulse a meter away. Although the distance is short, in principle the same technique could work over unlimited spans, Kimble says. The researchers described their experiment in the Oct. 23, 1998 Science.

“With our quantum scheme, we could take the whole output of a quantum computer and teleport it,” says Christopher A. Fuchs, one of the Caltech researchers.

To achieve teleportation, scientists exploit another of the quantum realm’s strange aspects. Known as entanglement, it creates a correlation between quantum objects that, in theory, persists no matter how far apart those entities become. The correlation arises because the objects occupy a joint quantum state. When the entanglement ends—because of a measurement, for example—the once-entangled states must adopt related values. Two formerly entangled photons would take on predictable characteristics—for instance, opposite values.

Kimble’s team split a single laser beam to create an entangled pair of beams. One blazed into the sending station and the other into the receiving station. When a new pulse, which can be thought of as the message, interacts with the sending half of the original beam, entanglement requires that the receiving part be affected, too. In essence, the receiver gets a part of the message as quantum information via entanglement. 

Teleportation also requires a classical transfer of information—in Kimble’s experiment, along wires. By correctly combining the information from the wires and the beams, the scientists recreate the message at the receiving end. 

Along the classical path, information flows no faster than the speed of light. So, quantum teleportation still obeys that universal speed limit.

Although light-based quantum-information processing seems promising, the quantum-Internet may not ultimately use light as its medium. Attempts to use photons as bits in rudimentary quantum-computing experiments have run into some serious snags. In an alternative pursued by some researchers, the quantum Internet might slosh more than blink.

A number of scientific teams are exploring quantum computing and communication using atoms in liquids manipulated via nuclear magnetic resonance (NMR). The technique is also used in medicine to make images of body parts. With strong magnetic fields and radio-wave pulses, NMR manipulates the spins of atomic nuclei. 

In the Nov. 5, 1998 Nature, researchers from Los Alamos (N.M.) National Laboratory and the University of New Mexico in Albuquerque reported a short-distance example of teleportation. They transmitted a characteristic known as spin orientation from one atom to another within a molecule. The scientists manipulated molecules of trichloroethylene dissolved in chloroform. 

“We’ve used different nuclei to transfer the information, not photons or electromagnetic fields. We’re the first ones to do that,” says Raymond Laflamme of Los Alamos. 

In a manner analogous to the optical experiments, the researchers created a quantum conduit by entangling two atoms. Then, they allowed another atom, which carried the spin message, to interact with one of the entangled pair, automatically affecting the other via the quantum link. 

Although no wires were involved, a classical ingredient was still present. A combination of radiofrequency pulses and quiescent periods guided the molecule into a final state that depends on the arrangement of spins caused by the initial message interaction. Those influences finally nudged the target atom into the message’s spin state. 

The Caltech and Los Alamos achievements are both “great experimental tours de force in learning how to control these things,” says Charles H. Bennett of the IBM Thomas J. Watson Research Center in Yorktown Heights, N.Y. Bennett is one of six theorists who in 1993 came up with the idea of quantum teleportation (SN: 4/10/93, p. 229).

Kimble, however, harbors grave doubts about the NMR experiment. “In my view, it’s not a demonstration of teleportation, it’s a simulation,” he says. He contends that entanglements can’t survive in the disorderly sea of molecules constituting a typical liquid. NMR proponents counter that Kimble and his fellow skeptics have chosen to ignore other analyses showing that entanglements can survive.

Teleporting across a molecule—or even a workbench—won’t suffice for making practical networks. Researchers are building up to greater leaps, however, by testing the notion that entanglement has an unlimited range. 

Wolfgang Tittel and his colleagues at the University of Geneva hold the world record for extending entanglement across space. Using existing optical fibers that had been installed for telecommunications, the scientific team split up entangled pairs of photons produced in Geneva and sent them on separate paths to Bellevue and Bernex, two villages outside Geneva (SN: 2/10/96, p. 90). The Swiss researchers used a different characteristic of photons than that transmitted in the teleportation experiments.

Measurements at the destinations determined that the quantum states remained correlated throughout the photons’ journeys. In the May 1998 Physical Review A, the researchers concluded, borrowing a phrase from Albert Einstein, that the “spooky action at a distance” between their entangled photons does not break down across the 10.9 kilometers between the villages. 

Scientists are planning to test longer entanglements. Anton Zeilinger of the University of Vienna says that his group is gearing up for experiments at distances beyond 20 km. He led one of the first experiments in photon teleportation more than a year ago, while at the University of Innsbruck in Austria. His newly established Vienna lab will collaborate on the project with the Geneva researchers and other scientists.

To go beyond entanglement, the Vienna researchers are also laying plans for the first teleportation of a photon’s characteristics across kilometer distances, Zeilinger  says.

Those experiments would follow on an achievement completed while he was still at Innsbruck but just reported in the Feb. 15 Physical Review Letters. The Innsbruck team simultaneously entangled three photons, with distances of roughly 20 centimeters between each of them.

It’s not the first report of three-particle entanglement. Laflamme and his colleagues made that claim in a NMR experiment last year involving three atoms in a molecule (SN: 9/12/98, p.165). 

The Innsbruck experiment, however, goes far beyond interatomic distances, albeit without coming close to practical network dimensions. Moreover, “the same procedure we used for 3 photons can now be generalized” to possibly as many as 10 photons, Zeilinger says. 

Would quantum networks be worth the work that it will take to develop the quantum links that they will need? Theorists are probing how model networks might perform and comparing them with conventional, or classical, computer networks.

Each node of a quantum network would be a quantum computer. Such machines would calculate and perform logical operations using delicate strings of entangled qubits, each in a superposition of many states. So far no more than three-qubit, rough-hewn calculating experiments have appeared in labs. Not until that qubit number grows to thirty or forty and a robust technology emerges will quantum computers begin to make their mark, scientists say.

At that point, teleportation would provide the thread to tie the computers together. How far those threads might stretch remains to be seen. Tittel thinks 50 km is possible with current optical fiber technology.

If quantum computers start talking to each other, what would come next? Computer scientists have begun to address that question, although on a very abstract level.

 In one sort of problem that they ponder, several very busy people try to arrange to meet for lunch. They let their computers, which know their jam-packed schedules, interact with each other in order to find a time slot in which all three people are free.

For conventional computers, researchers had already proved years ago that for schedules with some number, n, of time slots, no fewer than n bits would have to be exchanged by the machines. Early last year, however, a trio of computer scientists examined how quantum computers would solve the problem and reported that the number of bits needed would be significantly below n.

“By using quantum bits, rather than classical bits, you can save on communication,” says Richard Cleve of the University of Calgary in Alberta, a member of the research team. For this particular problem, however, he notes, the quantum treatment requires more exchanges among the computers than a classical solution does. 

An analysis of a more esoteric problem by Ran Raz of the Weizmann Institute in Rehovot, Israel, concludes that a quantum interaction saves on both the number of bits exchanged and the number of exchanges. Raz is scheduled to present his work in May in Atlanta at the 31st Annual Association for Computing Machinery’s Symposium on Theory of Computing.

Another example of a possible quantum-network edge emerged at a January workshop on algorithms in quantum information processing at DePaul University in Chicago.

Some computing researchers study ways in which computers can evaluate the validity of mathematical proofs. In the interactive method, two computers, named Arthur and Merlin after the legendary king and sorcerer, have a chat. Merlin, who is wise but not always honest, presents the proof to Arthur. Limited both in brains and time, Arthur queries Merlin in an attempt to verify the proof.

Daunted by the proof itself, Arthur asks Merlin to carry out related calculations instead. By checking for consistency among Merlin’s answers, Arthur can discern if the proof is valid. 

In the case of conventional computers, the number of rounds of question-and-answer grows as the mathematical statement or equation under consideration becomes more complicated.

At the DePaul conference, however, John Watrous of the University of Montreal reported that a quantum Arthur and Merlin duo could determine the validity of the proof, no matter how convoluted its mathematical expression, in only two rounds of questioning. Watrous says that the finding rests on a widely accepted assumption that there is a certain type of complexity in the mathematics. 

Watrous’s new evidence of latent quantum network power has impressed Bennett. “This is another major step along the way,” he says. For more than two computers, Watrous says, he expects a quantum approach also to yield a bonus, but he hasn’t yet analyzed that situation in detail.

If researchers ultimately find ways to make quantum information leap far enough and wide enough, a quantum leap for networks may not be far behind. 
 n

Quantum networks could quickly determine whether Merlin’s proof is valid.

Earth Science 

Gas emissions from mowed grass

Lazy suburbanites now have one more excuse for letting their lawns grow wild. While pollution experts have long worried about the exhaust from gas-powered mowers, new research shows that the grass trimmings themselves release a burst of pollutants as they dry.

Past studies have shown that wounded grass leaves emit a long list of volatile organic compounds (VOCs), giving rise to the distinctive aroma that hangs over a freshly mowed lawn. Joost A. de Gouw, an atmospheric chemist at the University of Utrecht in the Netherlands, and his colleagues looked beyond the cutting to see what happens as grass dries. They clipped red fescue and Dutch white clover from a lawn, placed the clippings in a box under a 100-watt lightbulb, and measured the VOCs. 

“The drying is more important in terms of emissions than the cutting process,” says de Gouw. The drying grass gave off 10 times more VOCs than did freshly cut leaves, the researchers report in the April 1 Geophysical Research Letters.

The grass released (Z)-3-hexenol, (Z)-3-hexenal, hexenyl acetate, formaldehyde, methanol, acetaldehyde, acetone, and butanone. Some of these VOCs react speedily with other chemicals to form ozone gas and other components of smog.

A lab experiment alone can’t resolve whether mowing lawns gives off enough VOCs to increase air pollution noticeably, says de Gouw. Because metropolitan areas have many sources of pollution, the compounds from mowed lawns may contribute relatively little to the noxious stew. The researchers are planning a field experiment this summer to determine the importance of these emissions. 

The new findings add to emerging evidence that plants emit substantial amounts of so-called biogenic hydrocarbons. “The biogenics are probably more important than were recognized,” says Roger Atkinson of the University of California, Riverside.

The act of mowing may have its biggest impact in hay-producing areas. “When you start to crop millions of acres of alfalfa and it’s drying, that could be quite a point source [of VOCs],” says biochemist Ray Fall of the University of Colorado at Boulder, who participated in the new study. Past experiments have measured some elements of smog over Indiana farmland during summer, a finding that puzzled researchers. The grass study may explain these results, says Fall. 
—R.M.

Ozone killer confounds expectations

Atmospheric concentrations of an ozone-destroying compound have risen at a surprising rate over the past decade, according to Australian scientists. These findings suggest that the protective ozone layer in Earth’s stratosphere will take longer to recover than previously expected.

Measurements made in Tasmania show an increase in the concentration of halon-1211, a chemical used in fire extinguishers. Researchers had expected emissions of this compound to peak in 1988 and eventually decline, as industrialized nations phased it out in accordance with the Montreal Protocol of 1987. Since 1988, however, emissions have increased by 25 percent, estimates the Commonwealth Scientific and Industrial Research Organisation (CSIRO) in Melbourne. 

Developing nations, particularly China, are most likely causing the rise in concentrations, says Paul Fraser of CSIRO. The Montreal Protocol allows developing nations to produce halon-1211 until the year 2010. According to Fraser, the additional emissions will delay the anticipated recovery of the ozone layer by up to 10 years.

Stephen A. Montzka of the National Oceanic and Atmospheric Administration in Boulder, Colo., and his colleagues have also detected increases in halon-1211 concentrations, although they calculate that emissions have remained constant. 
—R.M.
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Quantum onions rarely blink

What is a quantum dot that doesn’t blink like a quantum dot? The answer: a quantum onion.

That’s what Alf Mews of the University of Mainz in Germany calls his invention, a ball of orderly arranged semiconductor atoms in nested layers.

The optical properties of such onions could shed light on how electric charges become trapped in regions of semiconductors, Mews says. He also speculates that using the luminescent onions as labels for molecules might improve the accuracy of research studies, diagnostic tests, and some commercial processes.

Quantum dots, crystalline clusters of up to several thousand atoms, confine their charge-carrying electrons and the electrons’ positively charged counterparts, called holes, to volumes so small that the quantum mechanical nature of those charge carriers is altered (SN: 11/23/96, p. 327).

An onion is a quantum dot with a more complex structure. Mews starts with a core of cadmium sulfide, adds a shell of mercury sulfide, then finishes with an outer layer of cadmium sulfide. The mercury sulfide layer can be as little as one atom thick. 

Compared with research on regular quantum dots, “we went one step more,” Mews says. With the extra layer, the researchers added an impurity that can trap charges. 

Scientists have begun to investigate swapping quantum dots for dye molecules as markers that respond to laser light (SN: 10/24/98, p. 271). In the past few years, however, researchers have discovered that glowing quantum dots and dye molecules both spontaneously blink off for a tenth of a second to 10 seconds. The blinking happens more often if the laser light is intense.

By contrast, quantum onions rarely blink, Mews reports. He suspects that their layering deters charges from visiting the onion’s outermost surface, where they somehow are responsible for blinking. 
—P.W.

New memories tap spin, gird for battle

After decades of running on half its cylinders, the electronics revolution will soon double its horsepower, say scientists from two electronics giants. Almost all the spectacular advances in microprocessors and computer memories to date have exploited only the charge of the electron. The electron’s inherent magnetism, or spin, however, can also encode data.

Honeywell and IBM both announced on March 25 that they have built prototype spin-memory chips with speeds comparable to today’s charge-based chips. Because these spin memories retain data when shut off, computers based on them will start instantly, without having to load data from disks.

Theodore Zhu of Honeywell in Plymouth, Minn., says that the company expects to offer a 1-megabit spin-based memory chip commercially this year. It will make use of a property known as giant magnetoresistance (GMR). In a conductor with GMR, applied magnetic fields markedly change electrical resistance (SN: 4/22/95, p. 245).

Work on a rival spin-memory design incorporating so-called magnetic tunneling junctions was described by Stuart S.P. Parkin of IBM in San Jose, Calif. The junctions operate more quickly than GMR circuits and can pack bits more densely, he says. GMR, however, which is already used widely in disk-drive heads, is the more mature technology. Parkin predicts that IBM will bring tunneling-junction memories to market in 3 to 5 years. 
—P.W.

