books

100 Easy-to-Grow Native Plants: For American Gardens in Temperate Zones—Lorraine Johnson. Each page of this guide is devoted to a specific variety of native plants and offers a color picture depicting its glory. Find out how much moisture is required to maintain a black-eyed Susan and learn about the best companions for a New England aster. Entries stipulate height, blooming period, exposure, habitat, range, the types of wildlife the plant attracts,  propagation tips, and related species. Firefly, 1999, 160 p., color photos, paperback, $19.95. 

Clone Age: Adventures in the New World of Reproductive Technology—Lori B. Andrews. An attorney specializing in reproductive law assesses the scientific progress within the field and the associated legal ramifications. While many infertile people delight at the opportunity to have their own child and other parents genetically alter their child’s fate, these options are rife with ethical dilemmas, which are slowly being played out in court. Andrews contemplates the financial motivations in reproductive technology, including those for the scientists associated with what is now a $2 billion industry. H Holt, 1999, 264 p., hardcover, $25.00.

From Brains to Consciousness? Essays on the New Sciences of the Mind—Steven Rose, ed. As coordinator of a 2-day symposium titled “Minds, Brains, and Consciousness,” Rose thought it wise to shape the meeting’s talks into chapters for a book. This is the end result. Among the contributors: Roger Penrose, who discusses why computers must lack understanding but why there may be hope in this area; and neuroscientists Susan Greenfield and Wolf Singer, suggesting how visual awareness may be generated. Princeton U Pr, 1998, 278 p., b&w photos/illus., hardcover, $29.95.

The Hunting Apes: Meat Eating and the Origins of Human Behavior—Craig B. Stanford. Sure to rile other anthropologists, Stanford postulates that the advancement of human intelligence is founded in our carnivorous origins. He bases his thesis on a 5-year study of wild chimpanzees and monkeys—which share 98 percent of their genes with humans—and of existing hunter-gatherer societies. These observations lead him to believe that not only does meat protein make for a physiologically stronger brain, but also that this craving initiated tool-wielding hunting parties and associated culture. Moreover, the ways in which meat was meted out underlies the control of females within these cultures. Princeton U Pr, 1999, 253 p., b&w photos, hardcover, $24.95.

Natural Cat Care and Natural Dog Care—Bruce Fogle. An accomplished veterinarian addresses trends toward holistic care for pets by educating owners about the natural lifecycles, instincts, behavior, and physical needs of dogs and cats. Identical headings in each book address methods of behavior-based training, how puppies and kittens develop, and nutritional requirements. A survey of natural remedies—including herbals, massage, and even acupuncture—leads into a discussion of the animals’ physiology. Fogle outlines symptoms and causes of a host of ailments typical of dogs and cats and includes natural remedies. The author seeks to ensure healthy pet lifestyles in order to head-off problems and illnesses. Both books Dorling Kindersley, 1999, 160 p., color photos/illus., hardcover, $24.95 each.

The Quest for Unity: The Adventures of Physics—Étienne Klein and Marc Lachièze-Rey. The quest for a Theory of Everything has enchanted and vexed scientists throughout the ages. The ancient Greeks sought one fundamental element. Galileo unified Earth with the heavens by discovering valleys and mountains on the moon. Isaac Newton devised a theory to describe the motion of Earth and of the celestial bodies. Albert Einstein defined a unified space-time concept, but a unifying theory encompassing both the universe as a whole and its elementary constituents eluded him. Today, string theorists like Brian Greene propose answers to questions that stumped Einstein. It is these tales that fill this retrospective of the pursuit of a grand Theory of Everything that would wholly define the universe and the field of physics. OUP, 1999, 158 p., hardcover, $25.00. 

Why We Feel: The Science of Human Emotions—Victor S. Johnston. In Johnston’s opinion, our feelings are like virtual reality. He proposes “that we must eventually accept the fact that our conscious experiences depend on the nature of our evolved neural processes and not on the nature of the events in the world that activate those processes.” In this sense, do eggs really smell rotten? Does sugar taste sweet? Is tissue damage really painful? Or, have we evolved to believe these things? Johnston formulates the idea that sensory feelings are founded in evolutionary processes of adaptive illusions, which are now woven into our brains. His ideas are based  on emerging findings in fields from neurobiology to computer science. Perseus Bks, 1999, 210 p., hardcover, $26.00.

letters

A matter of degrees

The article “The sun also writhes” (SN: 3/27/99, p. 200) says that I believe data collected from an erupting solar plasma ejected into space have shown that prominences within it remain at their typical temperatures. To the contrary, I believe the data show that prominence material typically gets ionized to coronal temperatures as it passes out through the corona into the solar wind, although exceptional cases to the contrary occasionally occur.

Jack Gosling

Los Alamos, N.M.

Milkweed forever!

In “Good and bad news for migrating monarchs” (SN: 1/2/99, p. 5), Orley Taylor suggests that the survival of monarch butterflies is under imminent threat because their primary food, milkweed, may soon be “wiped out” due to herbicide-resistant, bioengineered crops. Please! 

Milkweed has already been largely “wiped out” on cropland, yet it is a prolific and resilient plant. I, too, share your concern for conservation of our nation’s biodiversity, but blatant fearmongering only serves to undercut legitimate conservation concerns.

Alex Avery

Churchville, Va.

That’s life in the soup

The article “Life’s first scalding steps” (SN: 1/9/99, p. 24) indicated a debate about life beginning in one place and in one type of environment. Is it not more likely that parts of life were concocted here and other parts were concocted there and they combined elsewhere? A wonderful thing about having a “soup” as big as the oceans is that there are a great variety of environments and efficient means to transport products between them.

M.G. Stapelbroek

Santa Ana, Calif.

Tube tallies

Your recent article “Carbon tubes pumped up with hydrogen” (SN: 1/16/99, p. 47) is a bit misleading with respect to our work. First, the 0.01 percent weight (wt%) value in our work refers to the total amount of hydrogen absorbed in impure samples. The gravimetric storage density for pure nanotubes was determined to be between 5 and 10 wt%. These materials should be able to achieve the 6.5 wt% value required for a fuel-cell­powered vehicle. Also, I must note that we did not employ pressurized hydrogen gas, as your article states.

Michael J. Heben

National Renewable Energy Laboratory

Golden, Colo.

These observations are correct. To make a fair comparison, the carbon nanotube pellets most recently tested at the University of Freiburg take up 1.95 percent hydrogen by weight, which translates into about 4 wt% for a pure sample. The two results, therefore, 

are “relatively consistent,” says Frieburg’s Christoph Nützenadel.
—C. Wu

Edible Compound Mimics Insulin

An obscure compound plucked from a central African fungus works like insulin to boost glucose metabolism, tests on mice show. Unlike insulin, however, the compound can stand up to the onslaught of digestive juices present in the mouth and stomach, and might therefore serve as an edible drug. 

Several oral diabetes drugs are on the market already, but they all risk side effects. If the new chemical fares as well in human tests as it has in mice, it holds the potential for replacing these drugs or even insulin injections in some uses.

That’s a big “if,” of course. The substance is still untested in primates. 

Nonetheless, the U.S. and European researchers who discovered it have high hopes for the chemical, which for now is simply named L-783,281. The scientists report their findings in the May 7 Science.

The compound stood out among more than 50,000 substances tested because it reacted to a molecule on the surface of cells called an insulin receptor. The receptor in this case, called tyrosine kinase, acts as a metabolic switch. When insulin attaches to it, the molecule ignites a chain reaction within a cell that starts the processing of glucose that is circulating in the blood. 

However, some obese people and many diabetes patients have insulin resistance, in which insulin and its receptors become estranged and fail to bind, thwarting glucose processing. This produces high blood sugar.

Additional insulin can help, but some diabetes patients need more and more as their cells become increasingly resis-tant. To find a replacement signaler that would start the chain reaction, the researchers engineered Chinese hamster ovary cells to have human insulin 

receptors. The scientists noted that 

L-783,281 mimicked insulin by stirring these cells to process glucose in laboratory dishes. It was 50 to 100 percent as effective as insulin, depending on the concentration of L-783,281 used.

Next, they fed the compound to 32 insulin-resistant mice. “We achieved glucose lowering comparable to that elicited by insulin injection,” says study coauthor Bei Zhang, a biologist at Merck Research Laboratories in Rahway, N.J. In a series of tests ranging from a few hours to several days, mice getting 

L-783,281 experienced falling blood-glucose concentrations, whereas mice fed an inert substitute had little decline. Cells in the treated mice apparently took up the glucose to use as fuel, she says.

Because the new compound isn’t a protein like insulin, it survives the mammalian digestive tract, Zhang says. Moreover, to increase glucose metabolism, 

L-783,281 uses a mechanism distinct from those of the four classes of oral diabetes drugs already on the market. Therefore, the researchers might be able to combine it with them, she says. 

The oral drugs have side effects, such as weight gain or low blood sugar. Whether the new compound will avoid such problems is still unknown, she says.

The fungus harboring L-783,281 came from the leaf of a plant in the Democratic Republic of Congo, formerly Zaire. Researchers have grown more of the fungus in Merck’s laboratory in Spain. While the plant remains unidentified, the scientists have the fungus, which is what matters, says Zhang. 

Drug development is highly competitive; Merck isn’t divulging its next step. Zhang says only that the company is pursuing “various different approaches.”

In fact, companies are screening thousands of compounds these days, looking for potential diabetes treatments in molecules that are impervious to digestive juices, says endocrinologist Derek LeRoith of the National Institute of Diabetes and Digestive and Kidney Diseases in Bethesda, Md. LeRoith, who called the study “an excellent paper,” suspects Merck might try to modify this chemical. “This is not the compound that may finally be used in [a human] trial,” he surmises. “They may get their chemists to alter it slightly, improve on it.”         
—N. Seppa

Altered buckyballs go straight to bone

Scientists are one step closer to using fullerenes—spherical carbon molecules—to deliver powerful drugs straight to diseased tissues. Direct delivery can increase drugs’ potency while reducing their harmful side effects. 

Unlike other molecules that are used to encapsulate drugs, fullerenes resist breakdown by the body. This stability is especially important for holding compounds that would cause harm if released in healthy cells. For example, some cancer therapies attack tumors with compounds containing radioactive metal atoms. If the metals escape from their molecular capsules before they arrive at their targets, the stray radiation can damage normal tissue.

Kelly A. Gonzalez and Lon J. Wilson of Rice University in Houston have modified 60-carbon fullerenes, called buckyballs, to home in on bone when injected into the body. Wilson presented the  findings this week at a meeting of the Electrochemical Society in Seattle.

“The traditional way to target tissues is with antibodies,” complex molecules that seek out specific proteins on cell surfaces, says Stephen R. Wilson of New York University, who also studies the medical applications of fullerenes. The Rice scientists’ design of a simple molecule that chemically attaches to a particular tissue is “the kind of thing that a lot of people are trying to do.”

Gonzalez and Wilson designed their compound to stick to a bone mineral called hydroxyapatite. They attached a chemical group called an amide bis-phosphonate to a buckyball and then added 16 hydroxyls to make the molecule water-soluble. The bisphosphonate binds to hydroxyapatite,  and the fullerene compound interferes with the mineral’s crystal growth. 

While this effect might be undesirable in a therapeutic treatment, it offers a way to determine whether the molecule sticks to bone. Hydroxyapatite-crystal formation releases tiny amounts of hydrochloric acid. Wenju Wu and George H. Nancollas of the State University of New York at Buffalo earlier developed a technique to measure how well compounds adhere to bone by detecting this acid.

Together, the SUNY and Rice scientists found that in a test tube, the new compound reduces the rate of hydroxyapatite formation, indicating that the modified buckyballs bind well to bone. 

They also got a surprise when characterizing the compound: The molecule has one unpaired electron, making it magnetic. “This is a very curious beast,” says Lon Wilson. This property makes the compound a potential contrast agent for magnetic resonance imaging (MRI). A contrast agent injected into a patient can sharpen an MRI picture, revealing otherwise invisible features.

In the April 27 Proceedings of the National Academy of Sciences, Lon Wilson and his coworkers also report on rat studies showing that water-soluble buckyballs containing a radioactive atom build up in bone but are slowly cleared out of other tissues. Such excretion has “never been seen for a fullerene material before,” he says. It’s crucial to demonstrate that fullerenes can be flushed out of the body before they’re developed into drugs, he adds.                              —C. Wu

Pollutant waits to smite salmon at sea

Canadian scientists have identified the likely culprit behind some historic, regional declines in Atlantic salmon. The researchers find that a near-ubiquitous water pollutant can render young, migrating fish unable to survive a life at sea.

Heavy, late-spring spraying of forests with a pesticide laced with nonylphenol during the 1970s and ‘80s was the clue that led the biologists to unmask that chemical’s role in the transitory decline of salmon in East Canada. Though these sprays have ended, concentrations of nonylphenols in forest runoff then were comparable to those in the effluent of some pulp mills, industrial facilities, and sewage-treatment plants today. Downstream of such areas, the scientists argue, salmon and other migratory fish may still be at risk.

Nonylphenols are surfactants used in products from pesticides to dishwashing detergents, cosmetics, plastics, and  spermicides. Because waste-treatment plants don’t remove nonylphenols well, these chemicals can build up in downstream waters (SN: 1/8/94, p. 24).

When British studies linked ambient nonylphenol pollution to reproductive problems in fish (SN: 2/26/94, p. 142), Wayne L. Fairchild of Canada’s Department of Fisheries and Oceans in Moncton, New Brunswick, became concerned. He recalled that an insecticide used on local forests for more than a decade had contained large amounts of nonylphenols. They helped aminocarb, the oily active ingredient in Matacil 1.8D, dissolve in water for easier spraying. 

Runoff of the pesticide during rains loaded the spawning and nursery waters of Atlantic salmon with nonylphenols. Moreover, this aerial spraying had tended to coincide with the final stages of smoltification—the fish’s transformation for life at sea. 

To probe for effects of forest spraying, Fairchild and his colleagues surveyed more than a decade of river-by-river data on fish. They overlaid these numbers with archival data on local aerial spraying with Matacil 1.8D or either of two nonylphenol-free pesticides. One contained the same active ingredient, aminocarb, as Matacil 1.8D does.

Most of the lowest adult salmon counts between 1973 and 1990 occurred in rivers where smolts would earlier have encountered runoff of Matacil 1.8D, Fairchild’s group found. In 9 of 19 cases of Matacil 1.8D spraying for which they had good data, salmon returns were lower than they were within the 5 years earlier and 

5 years later, they report in the May 

Environmental Health Perspectives. No population declines were associated with the other two pesticides.

The researchers have now exposed smolts in the laboratory to various nonylphenol concentrations, including some typical of Canadian rivers during the 1970s. The fish remained healthy—until they entered salt water, at which point they exhibited a failure-to-thrive syndrome. 

“They looked like they were starving,” Fairchild told Science News. Within 

2 months, he notes, 20 to 30 percent died. Untreated smolts adjusted normally to salt water and fattened up. 

Steffen S. Madsen, a fish ecophysiologist at Odense University in Denmark, is not surprised, based on his own experiments. 

To move from fresh water to the sea, 

a fish must undergo major hormonal changes that adapt it for pumping out excess salt. A female preparing to spawn in fresh water must undergo the opposite change. Since estrogen triggers her adaptation, Madsen and a colleague decided to test how smolts would respond to estrogen or nonylphenol, an estrogen mimic.

In the lab, they periodically injected salmon smolts with estrogen or nonylphenol over 30 days, and at various points placed them in seawater for 24 hours. Salt in the fish’s blood skyrocketed during the day-long trials, unlike salt in untreated smolts. “Our preliminary evidence indicates that natural and environ- mental estrogens screw up the pituitary,” Madsen says. The gland responds by making prolactin, a hormone that drives freshwater adaptation.

Judging by Fairchild’s data, Madsen now suspects that any fish that migrates between fresh and salt water may be similarly vulnerable to high concentrations of pollutants that mimic estrogen. —J. Raloff 

Dam the bacteria, drugs and vaccines ahead

Growing in a test tube, bacteria may appear harmless. When they infect a host, however, the microbes draw upon a concealed repertoire of molecular tools to dodge immune defenses and cause disease. Much like the famed Trojan horse, bacteria “hide their weapons until they’re inside,” notes Michael J. Mahan of the University of California, Santa Barbara.

In the May 7 Science, Mahan and his colleagues show that a protein called DNA adenine methylase, or Dam, regulates a bacterium’s use of its armament. Without Dam, it’s no longer virulent.

The findings suggest that Dam offers an appealing target for new antibiotics. Moreover, bacteria weakened by mutations in the gene for Dam might serve as vaccines against many diseases.

Like other methylases, Dam chemically coats DNA with clusters of atoms known as methyl groups. In doing so, it governs bacterial processes such as DNA replication and repair.

Mahan’s group established the protein’s role in virulence by disabling its gene in Salmonella typhimurium, which causes food poisoning in people and typhoid fever in mice. When researchers infected rodents with bacteria unable to make Dam, disease rarely resulted.

Mahan’s team had previously identified around 250 genes activated in S. typhimurium when it infects a host. In the mutant bacteria, as many as 50 of these genes become active when the microbes are grown outside a host in test tubes. Dam seems to normally repress the genes until needed during an infection. 

Unleashing the genes at the wrong time during an infection can prove troublesome to a bacterium. Furthermore, the mutant bacteria may overproduce some surface proteins, making them easier for the immune system to spot.

The investigators suggest that drugs that disable Dam will prove helpful in the fight against bacteria that have evolved resistance to traditional antibiotics.

“It’s a nice target. It’s a protein unique to bacteria, and its effect on virulence is spectacular,” agrees Josep Casadesús of the University of Seville in Spain, who recently did experiments with results very similar to Mahan’s group’s.

While almost all bacteria employ Dam, investigators must still prove that the protein regulates virulence in more than this one species. The pervasiveness of Dam among bacteria raises a concern about any drug that targets the protein. “You could affect all the good bacteria in the gut,” says Casadesús.

Disabling Dam weakens but doesn’t actually kill bacteria. Salmonella bacteria without the methylase infect gut cells but don’t advance deeper within a mouse, where they normally cause disease. Infections with the mutant bacteria protected mice from subsequent doses of unaltered salmonella.

“They stimulate the hell out of the immune system, but they don’t proceed. It’s the perfect vaccine,” says Mahan, who has launched a company based on the new research. Its first goal is a vaccine that immunizes chickens from the salmonella that causes food poisoning. Dam-based vaccines may also thwart bacteria that cause cholera, the plague, and typhoid fever, Mahan says. 
    —J. Travis

Seattle’s soft spot boosts power of quakes

Seattle enjoys a buzzing reputation for its coffee culture, but the city faces the threat of a caffeine-free jolt in the future. Seismologists this week report that the thick foundation of sediments underlying Seattle is less rigid than previously thought and will amplify shaking during earthquakes.

Much of the new information about the city’s seismic risk comes from a large project launched in March 1998 to explore the hidden geologic structure of the region surrounding Seattle and Vancouver, British Columbia. The $3 million effort sent ships with airguns throughout Puget Sound and connecting waterways, where they fired 33,000 volleys of sound through the water and into Earth’s crust. 

Seismologists recorded the vibrations that bounced off buried structures or bent back upwards by refraction. Recordings of these waves provided the first clear picture of the Seattle Basin—a 10-kilometer-deep oblong bowl filled with sediments. As the vibrations passed through the basin beneath Seattle, they traveled much more slowly than expected, says project leader Michael Fisher of the U.S. Geological Survey in Menlo Park, Calif.

“We’re finding that the velocity of sound in these sedimentary rocks is very low, which means, probably, that the sediment is going to shake severely during a major earthquake.... So it’s probably heightened the threat to the city of Seattle,” says Fisher. He discussed the findings at a meeting of the Seismological Society of America in Seattle.

The low velocities indicate that the sediments beneath Seattle are softer than expected. At a depth of 5 km, sound waves rippled at a speed of 4 km per second, roughly four-fifths of the typical value seen in sedimentary basins in California, says Fisher. 

When seismic waves from an earthquake travel upward and enter the basin, the sediments intensify the shaking. “Think of it like you have a plate with a chunk of Jell-O on it and you shake it. The thing wobbles all over the place, and you wouldn’t want a house on that,” he says. 

One possible source for an earthquake in this region is the Seattle fault, a major fracture in Earth’s crust that cuts in an east-west direction across the southern part of the city. Geologists discovered it only 7 years ago, when they found evidence of a strong earthquake about 1,100 years ago that ripped the southern edge of the city, where the Kingdome arena now stands. 

At the meeting, researchers showed that the Seattle fault is not dead. Craig Weaver of the USGS in Seattle discussed a magnitude 4.9 quake that struck west of Puget Sound in June 1997. Weaver and his colleagues linked the quake to a recently identified strand of the Seattle fault, indicating that the fault is more active than thought. 

“It’s getting to be compelling evidence that this is a major actor here in Puget Sound,” he says. At present, though, researchers can’t say how often destructive earthquakes emanate from the fault.

When the fault does unleash a strong shock, the shape of the basin could give Seattle a double shot of trouble, according to new studies. In a computer simulation of a magnitude 6.5 earthquake deep down on the Seattle fault, two different sets of seismic waves ganged up on the city, reports Arben Pitarka of URS Greiner Woodward Clyde, a geological consulting firm in Pasadena, Calif.

As seismic waves radiated up and out from the fault, some bent when they entered the edge of the basin and then traveled along the surface toward downtown Seattle. Other waves took a more direct route. When these two sets collided, they intensified the shaking in some regions—an effect seen in Kobe, Japan, in 1995. Pitarka cautions, however, that this simulation relies on assumptions about Seattle’s underground geology, which scientists are only starting to map out. 
        —R. Monastersky

Land mines may set off little buzzers

As a flower’s scent lures bees to collect pollen, the aroma of TNT or other explosives might soon entice the insects to join a humanitarian mission against land mines. TNT, or trinitrotoluene, is the main ingredient of an estimated 100 million typically plastic land mines in the world that are a legacy of various wars. Each day, these hidden weapons kill or maim some 60 people. 

Researchers at the University of Montana in Missoula and numerous U.S. government labs plan to start tests with honeybees later this month. They hope to determine whether it’s possible to train and monitor the insects in ways that might lead to safer, quicker detection of land mines.

The Montana researchers had found that bees foraging in chemically contaminated areas accidentally pick up sufficient pollutants to reveal the presence of such substances within a half-mile or so of a hive (SN: 5/24/97, p. 324). Preliminary studies have since found that bees can bring home traces of explosives as well.

In the new tests, researchers hope to find out whether plants incorporate residues from leaky mines into pollen and nectar. They also plan to determine how much bomb residue bees might bring into hives from minefields and whether the chemicals taint the dust and pollen stuck to bee bodies, the fluids that bees ingest, or both.

Researchers will also try to train bees to seek out explosives by associating the compounds’ scents with hives or food. To keep track of individual bees’ comings and goings, engineers at Pacific Northwest National Laboratory in Richland, Wash., have shrunk electronic identification tags, readable via radio, to weigh less than a rice grain and fit on a bee’s back. Another device, also to be glued on bees, may allow researchers to track the insects with hand-held radar guns, says Montana’s Jerry J.  Bromenshenk. 

Similar techniques might also transform bees into scouts for illegal drugs or nuclear-bomb ingredients.

If the strategy works, “it’s a cheap, nondestructive way to characterize a land mine site,” says Susan Bender, leader of a group of researchers at Sandia National Laboratories in Albuquerque, N.M., that is involved in the project.

Nonetheless, convincing the people now clearing minefields to take up a technique “that frankly sounds a little far-fetched” may bedevil the project, says Col. George Zahaczewsky, who runs the Pentagon office that oversees the U.S. military’s humanitarian demining research. 

In recent years, scientists around the world have been developing new mine-detection schemes, ranging from better sensors to bacteria that glow when they contact explosives (SN: 3/28/98, p. 202). Exotic approaches have been “pooh-poohed by the demining community,” says Zahaczewsky. Most deminers continue to find mines at great risk to themselves by cautiously prodding the soil with pokers.                                —P. Weiss

Metal detectors can’t sense plastic land mines (shown foreground, without fuses), but bees might.

Fossil may expose humanity’s hybrid roots

Last Nov. 28, archaeologists working in Portugal’s Lapedo Valley, 90 miles north of Lisbon, chanced upon a child’s burial. At first the researchers, led by Joao Zilhão of the Portuguese Institute of Archaeology in Lisbon, viewed the 24,500-year-old skeleton as an example of modern Homo sapiens.

The shallow grave resembled other Late Stone Age human burials in Europe. A seashell lay among the child’s bones, which bore the stains of an intentionally applied red pigment.

By the time excavation of the skeleton concluded on Jan. 7, however, the scientists suspected that their find represented something far more interesting—an anatomical hybrid that could only have appeared so late as a result of  extensive prior interbreeding between humans and Neandertals. H. sapiens and Neandertals both inhabited southwestern Europe for at least several thousand years, until around 30,000 years ago.

The Portuguese team called in an authority on Neandertals, Erik Trinkaus of  Washington University in St. Louis, to examine the find. He agreed that they had uncovered a hybrid kid. 

 Zilhão announced the discovery at a press conference in Lisbon 2 weeks ago. Trinkaus described the skeleton last week in Columbus, Ohio, at the annual meeting of the Paleoanthropology Society. A full description of the new fossil will appear in Proceedings of the National Academy of Sciences.

“This kid surprised us,” Trinkaus says. “The mosaic of anatomical features tells us that when Neandertals and modern humans met, they regularly interbred.” 

Some researchers at the Columbus meeting who saw slides of the new specimen echoed Trinkaus’ view. Others argued either that any interbreeding was minimal or that the fossil merely represents a stocky modern human. 

Much of the child’s skull was crushed, although the scientists recovered braincase pieces and the lower jaw and teeth. The rest of the skeleton was largely intact. Tooth development places the child’s age at between 3 1/2 and 5 years, Trinkaus notes. Radiocarbon analyses yielded the burial’s estimated age.

Modern human traits observed on the skeleton include a well-formed chin and relatively small lower arms. But the huge “snowplow” jaw, large front teeth, short legs, and broad chest betray a Neandertal heritage, Trinkaus says.

The prehistoric child did not belong to a group of modern humans who may have evolved squat bodies suited to Ice Age conditions, he asserts. Southwestern Europe did not get cold enough to instigate such changes, in his opinion.

Trinkaus suggests that Neandertals and modern humans interbred as closely related members of the same species, as some subspecies of baboons and other animals interbreed today.

Scientists who argue that modern humanity arose simultaneously in two or more parts of the world over at least the past 1 million years support Trinkaus’ interpretation. “The Portuguese find indicates that one anatomically variable human species inhabited western Europe,” contends Milford H. Wolpoff of the University of Michigan in Ann Arbor. “Human populations have always interbred.”

Christopher B. Stringer of the Natural History Museum in London, a proponent of a theory of more recent human origins in Africa, disagrees. The fossil youngster may be an unusually stocky modern human, Stringer holds. Even if further analysis confirms its hybrid status, he suspects that prehistoric interbreeding rarely occurred. Numerous fossils of early modern humans show no signs of Neandertal contacts, Stringer notes.

Another out-of-Africa advocate, Jeffrey H. Schwartz of the University of Pittsburgh, views the fossil child as a modern human who possibly suffered growth abnormalities that created a bulky lower body. “I don’t see any evidence of hybridization,” Schwartz remarks. 
—B. Bower

Fossil child lies partly excavated at Portuguese site.

Knotting weakens a polymer molecule

The perverse tendency of loosely coiled ropes to acquire knots is a frustratingly familiar phenomenon to many sailors and anglers. Long, flexible molecules, like DNA or those that make up polymers, can also suffer knotting (SN: 11/16/96, p. 310).

In computer simulations of the effect of tying a simple trefoil, or overhand, knot into a polymer strand, researchers have now demonstrated that such a knot significantly weakens the molecule. Like a tightly knotted rope, a knotted polymer molecule is weakest and most likely to break adjacent to the knot.

Chemists A. Marco Saitta and Michael L. Klein of the University of Pennsylvania in Philadelphia and their coworkers report the results in the May 6 Nature. 

“Finding that molecular knots break like ordinary knots is wonderful news,” comments Penn physicist Philip Nelson (SN: 4/26/97, p. 256). “The deep message in this and [other recent research] is that single macromolecules really are ordinary physical objects, obeying the rules of elasticity theory.” 

Saitta and his colleagues modeled the physical behavior of a knotted hydrocarbon chain, representing a portion of a polyethylene molecule. They discovered that a loose knot produces little noticeable strain along the chain. When the knot is confined to a segment consisting of fewer than 35 carbon atoms, however, the strain is much larger. In a strand only 28 carbon atoms long, the stress becomes highly concentrated in bonds just next to the knot.

Calculations suggest that 23 carbon atoms form the tightest knot that can be sustained in a polyethylene strand without breaking it, the researchers report.

A team of scientists in Japan has recently confirmed experimentally that a knotted filament of a cellular protein known as actin also tends to break at bonds neighboring the knot, just as predicted in the computer simulations of simple polymer chains.       —I. Peterson

Strain energy distribution in knotted polymer strands consisting of 35 carbon atoms (left) and 28 carbon atoms (right). In the tighter knot (right), the strain energy is highest (shown in red) at bonds immediately outside the knot’s entrance points.

Ready, Aim, Squirt

With atom lasers, physicists seek better measurements and new ways to manipulate matter

By PETER WEISS

Summer scorchers are on their 

way. Laughing children will hop through sprinklers and scurry away from spritzing hoses. At gushing fire hydrants on urban streets, grinning urchins will douse their friends by using empty tin cans to direct arcing torrents of water.

With equal delight, grown physicists in their labs are squirting cold sprays—not of water but of frigid, slow-moving atoms. Working with flows that can be considered laser beams of atoms, rather than photons, researchers are now mastering the rudiments of directing these flows wherever they see fit.

With these new lasers, the researchers are exploring characteristics of atoms cooled to nearly absolute zero and kept in a vacuum. They are also nudging wider open the doors to a possibly powerful technology known as atom optics. Ultimately, they hope to be able to direct and collect flows of atoms, which behave as waves, much as they control light with conventional optics.

“We’re playing with atoms just like we play with photons,” says Ed A. Hinds of  the University of Sussex in Brighton, England.

“We can have mirrors, lenses, beam splitters for atoms. We’ve already made some of that happen,” such as the atom lasers, remarks Daniel Kleppner of the Massachusetts Institute of Technology.  “There is a lot of excitement in the field.” 

Atom optics may greatly improve the precision of certain types of measuring instruments. Indeed, some laboratory devices, such as interferometers and gravimeters, have already begun to incorporate the new technology (SN: 8/8/98, p. 87). Other developments may include better gyroscopes, nanometer-scale structures built by means of atom beams, and circuitry that uses atoms instead of electrons and would be suited to the creation of exceptionally powerful computers based on quantum mechanics (SN: 4/3/99, p. 220). 

The potential applications hinge on a crucial characteristic of lasers: Their waves are linked trough to trough and peak to peak in a fragile uniformity, known as coherence. Two or more coherent beams can interfere with each other, amplifying or reducing each other’s intensity. Physicists have long exploited the same phenomenon with light lasers to perform exacting measurements and other tasks. 

“Most of the power of modern optics lies in the ability of light beams to interfere with one another,” Hinds says. “Most of the exciting power of atomic optics is likely to lie in the interference of atoms.”

According to quantum mechanics, the wavelength of atoms depends on their momentum. As cooled atoms slow down, their momentum decreases and their wavelengths elongate.

During the past 20 years, researchers have devised increasingly effective means for cooling and trapping atoms at ultralow temperatures. In a 1995 triumph, Eric A. Cornell, Carl Wieman, and their colleagues in Boulder, Colo., at the National Institute of Standards and Technology (NIST) and the University of Colorado created the first example of a long-predicted state of matter called a Bose-Einstein condensate (SN: 7/15/95, p. 36).

By reducing the temperature of rubidium gas to about 2 microkelvins, the researchers caused atomic wavelengths to stretch and overlap until all the waves became coherent—the hallmark of a condensate. When condensate atoms escape the trap but remain coherent, they are considered a laser.

Wolfgang Ketterle at MIT and his colleagues made the first atom laser in 1997 (SN: 2/1/97, p. 71). They created a condensate of sodium atoms held in place by magnetic fields, which act on the atomic property called spin. With pulses of radio waves, the researchers changed the spin orientations of bunches of condensed sodium atoms so that they no longer were susceptible to the magnetic fields. The freed atoms fell out of the trapped condensate as coherent blobs. 

Last year, Yale University researchers reported creating similar atom-laser drips from a rubidium condensate suspended briefly by laser light alone. The clumps of atoms dribbled out of the condensate more regularly than the MIT laser’s droplets did (SN: 11/28/98, 

p. 342). These first lasers resembled leaky faucets rather than the dazzling beams usually associated with the word laser. 

Just as parents need a sprinkler or hose to entertain overheated kids, physicists require jets, not just drips, of atoms to achieve their atom-optics goals. “By and large, when atoms are just falling in empty space, they’re not very useful,” Hinds says. “You have to be able to control where they go.”

In the March 12 Science, a team led by William D. Phillips of NIST in Gaithersburg, Md., describes the first atom laser that can be aimed. To create it, the group developed a novel way of kicking bunches of condensate atoms out of a magnetic trap. They used a pair of light-laser beams instead of radio waves to tweak the spins of their cooled sodium atoms and make them immune to the trap’s magnetic forces.

As condensate atoms absorb and re-emit laser photons, they acquire enough momentum to fly from the trap at 6 centimeters per second. Shifting the directions of the light lasers changes the blobs’ path, the researchers say. Likewise, changing the light lasers’ wavelengths adjusts the initial speed of the blobs, which the researchers believe they can crank up to 36 cm/s or more, says Steven Rolston of the NIST team. 

Although it can be aimed, the NIST laser still sends out pulses of atoms. However, scientists need a continuous flow for many envisioned uses of atomic lasers, such as measurements that depend on interference between beams. 

A German group led by Theodor W. 

Hänsch at the Max Planck Institute for Quantum Optics in Garching has recently developed the first steadily flowing atom-laser beam.

Like the MIT scientists, the researchers used radio waves to flip the spins, but they employed a trap with an extraordinarily stable magnetic field and transmitted a constant, weak radio wave into it. In the April 12 Physical Review Letters, the group reports that the atoms poured out in a regular stream under the influence of gravity.

Because the new, continuous-flow laser beam is controlled by gravity, it points only down. No atom laser yet offers both uninterrupted flow and the ability to be aimed. Combining those two features should be no problem, Hänsch says. He predicts, for instance, that his group could readily add NIST’s light-laser technique for propelling atoms to his own method for trapping them.

These newest strides for atom lasers add to an exhilaration about atomic physics that began with creation of the first Bose-Einstein condensate 4 years ago, remarks  Kleppner. “The enthusiasm is, I think, unprecedented in the history of atomic physics,” he says.

“It’s an atmosphere like after a gold rush,” agrees Ketterle.

NIST researchers have used their atom laser to explore whether atom beams can tangle with each other in certain complex interactions that have already been shown for light lasers. In the March 18 

Nature, Phillips and his colleagues demonstrated that blending three atom lasers in space can cause a fourth laser to appear spontaneously. 

For example, such interactions cause the frequency of light lasers to double when they pass through certain crystals—a property now being exploited by laser pointer makers to bring green-light pointers to market.

The experiment parallels a landmark 1960s experiment with light lasers that launched the research field known as nonlinear optics.

Despite their exuberance, atom-laser developers are also keenly aware of a major flaw of their devices—the atom lasers rapidly run dry. The longest-lived device, that of Hänsch’s group, uses up its supply of atoms in about a tenth of a second.

Last year, after 20 years of trying, Kleppner and his colleagues made a condensate of hydrogen atoms (SN: 7/25/98, p. 54). Because it contains many more atoms than other condensates do, a hydrogen-atom laser—should it be developed—might last longer than others.

Other researchers hope to solve the problem of atom supply by making atom lasers more like light lasers. The latter can stay on indefinitely because new photons are continually produced by atoms boosted to an excited state by a power source. The atoms drop back down in energy as they emit photons that join the laser wave but are quickly restored to the excited state, ready to emit new photons. 

In new experiments, Hänsch and his colleagues have shown that it is possible to mimic more closely the generation of a light-laser beam. Ordinarily atom-laser makers form the condensate first and then drain it away. Instead, by turning on their radio wave as the condensate was forming, the Munich researchers found that they could create the coherent cloud at the same time that they released atoms from it. While the laser was on, new condensate formed from the cloud of ultracold but uncondensed atoms present in the trap with the Bose-Einstein condensate.

To make the laser run without limit, the researchers also are trying to devise schemes to replenish that cloud of atoms continually. “There are some tricks that one can pull that should make that possible,” Hänsch says. 

Even if replenishable condensates should become available, atom lasers will always occupy a different niche from their light-based cousins, physicists say. Atom lasers emit slow, heavy particles whose trajectory droops under the influence of gravity. By contrast, the massless photons in light-laser beams barrel along a billion times more rapidly than the NIST-laser’s atoms.

Also, because of their exceedingly low temperatures, atom lasers carry only a smidgen of energy, whereas light lasers can spark nuclear fusion and shoot down missiles.

Moreover, atom-laser beams can’t pass through air because their atoms interact readily with other atoms. Photons, on the other hand, which interact far less with other particles, easily propagate through the atmosphere. “The fact that we have to do everything in a vacuum is obviously a big limitation,” Phillips says.

Yet the differences between the light beams and matter beams also inspire the dreams of atom-optics researchers. Because the atoms move much more slowly than photons, an atom interferometer of the same dimensions as one based on a light laser has the potential to be 10 billion times more sensitive in measurements of the rotation of Earth or other objects, scientists say. Such measuring devices may push the frontiers of physics by uncovering minuscule, but important, discrepancies between theory and reality.

Ketterle and his colleagues have begun to trap condensates in a way that, they say, may make such precision more attainable. Using a light laser beam to grip the condensate, they eliminate magnetic fields that can disturb atom states and lessen sensitivity.

Atom-laser beams might also focus to as little as a nanometer across, which is roughly a thousandth the diameter of the smallest possible spot of visible light. That sharpness could lead to instruments such as atom-laser­based microscopes that might be able to discern directly the sequence of base pairs in a DNA molecule, Phillips speculates.

Such practical uses will not surface for decades, Ketterle predicts. Besides the tough technological challenges lying ahead, a wealth of new possibilities for basic research will keep physicists occupied for a long time.

By aiming for practical goals prematurely, “I would miss out on the fun,” he says.

Like kids with squirt guns, physicists now have atom lasers that really shoot where they aim. The pleasures of finding out what they can hit and what happens to those targets is just beginning.  
n

A continuous atom laser beam (blue ridge) pours out of a rubidium Bose-Einstein condensate (rainbow peak). Tilted up in this false-color image for better viewing, the 2-millimeter-long beam actually drops straight down, propelled only by gravity.

Blobs of coherent atoms fly from a sodium Bose-Einstein condensate (left) during a demonstration of the first atom laser that can spurt in any direction.

Magnets, light steer hyperactive atoms

Atoms rolling around on a tiny table. Atoms following the tracks of minuscule wires. Atoms steering a course determined by patterns of light. 

Despite their reputation as the stolid building blocks of matter, atoms are increasingly particles on the go.

In atom-optics labs around the world, researchers are creating mirrors, lenses, waveguides, beam splitters, and a raft of other components to handle the beams from atom lasers. “We’re now at the period of trying to develop the basic tools, like people in the 17th century were trying to do for light,” says Ed A. Hinds of the University of Sussex in Brighton, England. 

“People are just learning how to do things,” agrees Jörg Schmiedmayer of the University of Innsbruck in Austria. A few intriguing recent results offer a glimpse at the wide range of strategies being pursued. 

Hinds and his colleagues have been creating mirrors for atoms. The team transforms pieces of commercial videotape into atom-repellent surfaces, or mirrors, by recording magnetic field patterns onto them (SN: 9/9/95, p. 175).

The group’s larger goal is a “table” on which atoms could be manipulated. “Atoms fall down under gravity, so we need an antigravity machine,” Hinds explains. By refining one of its mirror designs described in the Jan. 18 Physical Review Letters, the Sussex group has recently produced “a very smooth table for atoms to roll around on,” Hinds says. Magnetic forces levitate the atoms at a slight distance off the surface, thus keeping the particles from sticking.

Meanwhile, a team under Schmiedmayer has been hustling atoms along narrow paths. In the March 8 Physical Review Letters, the Innsbruck group 

describes guiding cold lithium atoms by means of a suspended wire carrying electric current. The wire’s current-

induced magnetic field combines with an external magnetic field to form a trough of low field strength within a millimeter of the wire. Atoms collect and move along in the trough. The same technique works with wires that fork, subsequent research has shown. Experiments demonstrate that a branching wire can serve as a beam splitter or a switch, Schmiedmayer says.

This approach to controlling atoms has practical appeal because it lends itself to miniaturization in which wires would be laid on or in a surface by using standard microchip-fabrication methods. The Innsbruck group has already developed some simple designs for devices with surface wires. “We’re making the first integrated circuits,” Schmiedmayer says.

 In a reversal of the usual roles of light and matter, some recent atom- optics experiments employ light waves as mirrors, filters, and other optical components to influence atoms’ behavior. Mara Prentiss of Harvard University and her colleagues, for instance, used a stand- ing light wave, its undulations fixed in space, to control where excited atoms deposit their energy onto a reactive film. Their 

experiment suggests that atom beams may someday be used like light beams to pro-ject integrated circuit patterns onto semiconductors.

The technique, reported last year, depends on manipulations of internal quantum mechanical states, which are far more abundant in atoms than in photons. “We aren’t just trying to re-live photon optics,” Prentiss says. “Atoms have something more to offer.”                                                        —P.W.

Lithium atoms (left) move along in a trough of low magnetic field that parallels a current-carrying wire (right). Atom cloud and wire are shown on end (top) and from the side (bottom).

A small cloud of ultracold rubidium atoms bounces off a curved, magnetic mirror. As the cloud falls, it spreads out due to the atoms’ kinetic energy, but after hitting the mirror, it becomes refocused into a tight ball. 

Spider 

Solidarity 

Forever 

Social spiders 

create the communes 

of the arachnid world

By LAURA HELMUTH

Most spiders have beastly social skills. They’re aggressive, territorial loners that would just as soon eat a sibling as look at one. 

Of the 35,000-odd spider species that have been described, however, a few dozen flout tradition. These social spiders live in groups. They cooperate while hunting and building their communal homes. They even care for their own—and sometimes each other’s—young, whereas typical spiders lay their eggs and creep away.

Nineteenth-century biologists, including Charles Darwin when he voyaged to South America, discovered a few spider species that gathered in huge colonies. In the past 20 years, researchers have found more examples of gregarious spiders. Now, scientists are exploring the social webs that bind together these infamous individualists. 

By looking at the social world from a spider’s-eye view, biologists are gaining insights into the evolution of sociality, the costs and benefits of group living, and the ways that creatures relate to their kin.

Entomologists have long studied the social worlds of a variety of insects—ants, bees, and termites—that live in large, cooperative networks. Like the six-legged social species, many cooperating spiders hunt together and share food. 

Although arachnid societies bear a superficial resemblance to these insect communities, they operate by markedly different reproductive rules. In insect groups, workers are sterile and only the queen lays eggs, whereas all spiders in a colony are able to reproduce.

In that regard, social spider species interact more like a herd of wildebeests than like a hive of bees, says George W. Uetz of the University of Cincinnati.

Deborah R. Smith of the University of Kansas at Lawrence compares social spiders to a pride of lions. “It’s always interesting to see an organism one usually thinks of as asocial, predatory, and cannibalistic, forming large cooperative societies,” says Smith. 

The most social of the social spiders live in multigenerational colonies in the rain forests of South America. Anelosimus eximius, one of the best studied of these cooperative species, builds a hammock-shaped web suspended from the lush vegetation by long threads. Their mahogany  bodies are about the size of pencil erasers. They band together in colonies of hundreds to tens of thousands of individuals, spinning their collective web above rivers and roads and where light filters in through the tree canopy.

Several generations of spiders live together in the community, and with constant repairs, the meter-long nest can last several years. Adult spiders care for the young, but they don’t distinguish between their own progeny and those of others. They guard eggs against predators, move egg sacks to the web areas with the most comfortable temperatures, and feed hatchlings. 

When a colony grows too large, the nest starts to break up of its own weight, Smith says. The spiders split into two or three groups, or the young adult females crawl away on bridges of silk to spawn their own colonies.

Group living has its benefits, says Leticia Avilés of the University of Arizona in Tucson, who studies cooperative spiders in Ecuador. Working together, social spiders can capture prey as large as 10 times their size, whereas an individual spider is lucky to bag a bug twice as big as itself. 

Cooperative spiders also save on the cost of silk. Frequent tropical rains pelt the sheetlike webs. By working together, the cooperative spiders conserve on energy and protein as they repair the damage from a web-ripping storm.

As the colony expands, however, parasites are more likely to find it and infest its egg sacks. Field studies show that females living in an intermediate-size colony raise the largest numbers of offspring, Avilés reported in the September 1998 American Naturalist.

Cooperative behavior evolved in eight unrelated spider genera in different families, says Smith. She has gleaned clues to the evolution of this behavior by looking at some modern species that are related to social spiders. They have some social traits but haven’t fully committed to group living.

In such species, the mothers care for the young well after they have hatched but do not establish colonies. Each generation of young goes off and makes its own single-family web. These species, Smith speculates, resemble forerunners to the fully social spiders. After some point in evolution, she says, “the babies just never leave home.”

All this togetherness over many generations inevitably leads to inbreeding, normally considered an evolutionary no-no. “We had to ask, Were they really doing this?” says Smith. 

They were indeed, according to recent research on the genetics of spider societies. Smith finds genetic variation between colonies of one cooperative species, but within one nest, the individuals are virtually identical. 

When the living is easy, it’s fine to be a clone, Smith says, but without genetic variation, an entire population could be wiped out by an epidemic. For instance, a mysterious spider plague swept through Panama in 1983, killing entire nests of cooperative spiders. 

The cooperative spiders’ evolutionary history may have prepared them somewhat for inbreeding, says Smith. The immediate ancestors of cooperative spiders probably didn’t disperse far from their birthplaces. Adults therefore likely mated with their cousins, and perhaps this early stage of inbreeding purged some of the harmful genetic traits that could overwhelm an inbred social group, she speculates. 

As biologists have started teasing apart the web of relationships inside spider societies, they have helped rehabilitate a concept called group selection. Once shunned by evolutionary biologists, the idea may be one of the best ways to understand how cooperative social spiders have evolved, says Theo Evans of the University of Melbourne in Parkville, Australia, who studies social spiders in eucalyptus forests.

In classical Darwinian evolution, the most fit individuals of a species survive and reproduce. In the 1960s, theorists suggested group selection as a communal corollary. According to this concept, certain behaviors benefit entire species of animals rather than individuals. 

Male deer, for example, compete with each other through nonlethal displays. This type of behavior may have evolved because it led to fewer deaths for the species as a whole rather than to breeding advantages for the individual, suggested adherents of group selection theory.

Although the concept made a certain amount of intuitive sense, it doesn’t generally hold up to evolutionary scrutiny, according to today’s biologists. Groups don’t reproduce, after all. Only individuals do, and individuals compete with their neighbors for food and mates. Moreover, groups are fluid, with individuals moving in and out of them at a rate that would dilute any benefit accrued by temporary team work. 

Today, biologists are focusing on evolution at the level of whatever carries a gene, says Evans. In most cases, genes confer advantages on the individual who carries them. In social spiders, however, an entire, inbred group may be the vehicle that carries a gene, proposes Avilés.

The sex ratio among cooperative social spiders supports this theory. Ninety percent of a cooperative spider population is female. This sex ratio benefits colonies in their competition with other colonies, says Avilés.

The more fertile females there are in a nest, the faster the colony grows to a safe, productive size, and the more daughter colonies the group can spin off. However, any individual in a colony could pass its own genes along faster by bearing many males, who could inseminate many females. Thus, the sex ratio appears to be a trait selected at the group level.

High in the canopies of Australia’s eucalyptus forests, another sort of social spider builds its nests, which are wonders of arachnid architecture. The crab spider species Diaea ergandros constructs its homes out of long, flexible eucalyptus leaves, says Evans.

Unlike cooperative spiders, thumbnail-size social crab spiders live together for just one generation and then disperse to form the next season’s nests, says Evans. Each year, the female constructs the foundation for her nest with five or six leaves, then lays her egg sack in the inner chamber. She sits on the egg sack, like a mother hen incubating her eggs, and guards it against predators and parasites.

When her 40 to 80 offspring grow strong enough, they tie more leaf layers around the nest. The spiders first fold one leaf over and tie its ends together with silk. Then, they wrap another leaf around the first, and another, and another, making the layered nest look like a head of cabbage. They work until the nest reaches the size of a softball.

The group also gangs up to ambush bees, moths, and butterflies that alight on or near the nest.

For a spider, the mother crab spider invests heavily in each of her progeny. Nonsocial crab spiders may lay 10 egg sacks per year, each containing as many as 1,000 eggs, and then leave them on their own. The social crab spider lays just one egg sack, and she feeds the young throughout the year. When autumn comes and food supplies grow scarce, she serves up her last meal to her young: herself. 

Evans brought colonies of social crab spiders into the lab and provided them with long, leaf-shaped, flexible pieces of transparent plastic, which they constructed into nests. He could see into the heart of the nest and watch how the social crab spiders defend themselves against predators. 

The nest serves as a labyrinth, in which the crab spiders can avoid invaders, Evans observed in the lab. He introduced a predatory spider, which gnawed the silk threads holding together the plastic that formed the nest’s narrow passageways. The crab spiders sensed the source of the vibration and shrunk from that part of the nest. When the predator finally gave up, the crab spiders repaired the damage.

In the wild, the nests protect the spiders from insects, birds, and small mammals, as well as other spiders. “It’s a very scary world out there,” says Evans.

Without the large, protective nests, crab spiders would be easy prey in the Australian forests. Under such conditions, a lone individual can’t survive as well as one who gives up some autonomy and shares food with the group, he says.

The spirit of “all for one and one for all” succeeds better, evolutionarily, if the “all” being served share most of their genes. In social crab spiders, scientists were surprised to find that the family group will accept nonrelative but same-species crab spiders. The colony hunts with these outsiders and offers them asylum in the nest, a seeming violation of evolutionary rules.

The apparent altruism turns out to serve a purpose, however. When food is scarce, crab spiders eat these immigrants rather than their own siblings, Evans reported in the Feb. 7 Proceedings of the Royal Society of London B. 

Other social spiders show a little more respect for each other’s personal space. The colonial orb-

weaving spiders of Mexico and the southwestern United States build interconnected webs, but they defend their own turf, says Uetz. The longest continuous colony that has been observed was built of orbs knitted together by hundreds of thousands of 1-centimeter-long spiders. It  measured 4 m across and 2 m high and stretched nearly two football fields long.

The spiders cooperatively erect the long silk lines to which individuals anchor their orbs. Each spider fends for itself within the scaffolding, however, ejecting other spider intruders and parasites, hiding from predators, and catching insects that land on its own orb. 

Insects that fly into the long quilt of webs may bounce out of the first orb they hit, but they are likely to ricochet right into a neighbor’s lair, says Uetz. Each spider captures about as much prey as its neighbors, he says.

In flush times, it behooves a colonial orb spider to live in large groups, because the big net that the spiders collectively create provides each individual with plenty to eat. When times are tight, however, this modified group-hunting system breaks down. Each individual still captures about the average amount of prey, but that smaller amount isn’t enough to sustain it.

In such conditions, says Uetz, a spider’s best chance would be to fend for itself. Theoretically, some would still starve, but others would survive.

Uetz started studying social spiders 20 years ago in Mexico, where orb-weaving species anchor their orbs to cactus spikes. Uetz wondered whether the sparse desert vegetation concentrated the orb weavers, their proximity only giving the appearance of communal behavior. To test this, he picked spiders up and introduced them to new locations with more abundant sites. He found that the orb weavers do seek each other out and build their colonies together.

No one knows yet whether the social orb weavers always live in colonies. In different environments, says Uetz, the spiders may try different strategies for survival. He is following a species of colonial 

orb weavers that he found just below the cliffs of Pebble Beach in 

California. During last year’s bug-rich El Niño spring, the orb weavers lived together in a large colony. He plans to return when food is sparser to see whether the spiders are still living socially. 

Social spiders have evolved independently in Africa, the Middle East, the Americas, and Australia. The repeated appearance of social behavior has puzzled spider experts. “We’re all trying to figure that out,” says Evans. “And we all disagree.” 

It may be that communal living offers some spiders their only chance in a harsh world. When leaving a nest is too dangerous, rebuilding a web each day is too demanding, or finding mates is too difficult, sociality can win out over solitude. 

Living together and sharing resources “may not be a good option,” Evans says, but in certain circumstances, “it’s the best of all available options.” 
n

Prey may ricochet out of one orb weaver’s web into a neighbor’s lair.

By banding together, colonies of the cooperative social spider Anelosimus  eximius can bag bigger prey than individual spiders can.

Cooperative orb weavers suspend their individual webs from communal scaffolding.

Biomedicine

Most cancers less common, less deadly

Cancer deaths in the United States declined steadily between 1990 and 1996, resulting in a total drop of about 4 percent, according to a new report. The number of new cancer cases diagnosed annually also dropped, by 0.9 percent each year.

Reductions in lung cancer helped drive the overall decrease in cancer rates, but this trend could change since more young people are smoking, warns Phyllis A. Wingo of the American Cancer Society in Atlanta. She and her colleagues from the National Cancer Institute (NCI) in Bethesda, Md., and the Centers for Disease Control and Prevention in Atlanta present their results in the April 21 Journal of the National Cancer Institute.

The researchers analyzed cancer data from five states and six cities, representing 14 percent of the U.S. population. Many of the most common and most deadly cancer types declined during the 7-year period. Diagnoses of leukemia and colon, bladder, and oral cancer dropped, while the rates of breast- and uterine-cancer diagnoses in women remained steady. However, new melanoma and non-Hodgkin’s lymphoma cases increased. 

Death rates declined for cancers of the colon, pancreas, brain, prostate, and stomach, as well as for breast cancer in women. However, melanoma and non-Hodgkin’s lymphoma fatalities, like diagnoses, rose.

No one knows why non-Hodgkin’s lymphoma rates are increasing, says Brenda K. Edwards of NCI. It’s a cancer of the immune system that could be triggered by chemicals or viruses, including HIV, she says.

The number of new lung-cancer cases and deaths from that disease are dropping in men, but the incidence and death rate continue to climb for women. The rate of new diagnoses was highest among blacks and lowest among Hispanics. 

“Tobacco . . . has condemned our nation to a grimy sea of preventable cancer,” says Howard K. Koh of the Massachusetts Department of Public Health in Boston in an article accompanying the report. Lung cancer, once a medical rarity, now kills more people than any other type of cancer. “Future medical historians will undoubtedly recall the 1900s as the ‘tobacco and cancer’ century,” he predicts.


   —L.H.

Portrait of the artery as a motivator

A picture may be worth a thousand doctors’ admonitions. People who carried in their wallets an ultrasound image of one of their major arteries and posted a copy of the picture on their refrigerator door were more likely to reduce their risk factors for heart disease than those who saw images of their arteries just once.

“If people have a picture of their own artery, there are no more excuses,” says Jacques D. Barth of the Southern California Prevention and Research Center in Los Angeles, who presented the research on April 29 to a meeting of the American Heart Association in Boston. “They adhere well to the changes we have recommended.” 

All 210 study volunteers had at least one risk factor for heart disease, such as high cholesterol or a smoking habit. After 6 months, the half of the volunteers who had the reminders of their mortality were more likely to have quit smoking. They had also lost more weight than the half who only saw the images of their arteries immediately after the ultrasound was taken. Compared with the group without photos, twice as many sedentary people in the photo group started exercising.

Ultrasound analysis of the carotid artery, which runs through the neck to the brain, can indicate risk of heart attack or stroke, says Philip Greenland of Northwestern University Medical School in Chicago. The ultrasound itself is difficult to administer and read, so Greenland cautions against relying too heavily on this technique. However, giving people the images “may be a motivating, behavior-focusing technique,” he says.              —L.H.

Computers

Looking beyond the Melissa virus

The computer virus that struck in late March exposed serious weaknesses in the security of many computer systems. Nicknamed Melissa, this rogue program acted like an automated chain letter, overwhelming electronic-mail service in more than 300 organizations, including government agencies, military bases, and large businesses. What made this particular virus stand out was the extraordinary speed with which it spread throughout the world.

“The Melissa virus represents a new level of sophistication in the progression of computer viruses,” says Richard Pethia of Carnegie Mellon University’s Software Engineering Institute in Pittsburgh. Pethia was one of several computer security experts who testified at a congressional hearing last month on ways to protect information technology from emerging threats.

The Melissa virus exploited a well-known vulnerability of small computer programs called macros. Word processing software often attaches macros to documents in a way invisible to the typical user. The Melissa virus, posing as a macro, was hidden in a Microsoft Word document, which was distributed by E-mail. Opening the document activated the virus, which would then look for an organizer program called Microsoft Outlook. The virus would mail itself to the first 50 addresses listed in the organizer’s E-mail directory.

Because Word and Outlook are widely used, often without sufficient security precautions, the virus spread rapidly. It merely perpetuated itself and forced the suspension of E-mail service at sites that it inundated. A virus designed to destroy data, however, could use the same security loophole to wreak much more havoc.

One encouraging aspect of the Melissa episode was the quick response by several virus-monitoring organizations, which collected information and provided timely, well-publicized warnings. Within a few days, new infections slowed to a trickle.

Response times measured in hours and days, however, may not be fast enough in the future. “Future mutations . . . could easily be much harder to detect, spread even more quickly, and cause significantly more damage,” Pethia contends.

Experts estimate that about 30,000 viruses are now in circulation, with 300 new ones created each month. “Users should be sure that their computers are running the most up-to-date virus protection software,” warns Michael A. Vatis, director of the Federal Bureau of Investigation’s National Infrastructure Protection Center in Washington, D.C.

“The long-term solutions to the problems represented by Melissa will require fundamental changes to the way technology is developed, packaged, and used,” Pethia concludes. “It is critical that [computer] system operators and product developers recognize that their systems and products are now operating in hostile environments.” 


     —I.P.

Developing digital fluency

In a rapidly changing world of destructive computer viruses, balky software products, and highly complex information systems, it helps to know how computers work and to understand the basic technologies required for information processing, communication, and problem solving. In a report to be published next month, a National Research Council panel focuses on how to teach college students—whether in computer science, business, or the humanities—to use information technology effectively.

Titled “Being Fluent with Information Technology,” the panel’s report suggests that achieving such a goal will require a serious rethinking of the entire college curriculum, not just particular courses and programs. The recommended requirements for fluency in information technology range from having the skill to set up a personal computer to demonstrating a capacity for adapting to new technologies. 

     —I.P.

Physics

Electrons hop; current and heat drop

Transistors in today’s electronic microchips mobilize electrons by the millions. This heavy traffic gobbles power and heats up components, limiting how small and fast circuits can be.

An alternative type of electronics, proposed 5 years ago (SN: 12/3/94, p. 375), would discard transistors in favor of voltage-sensing units, each eventually to be made from a single molecule. Flipping a bit between 0 and 1 would roust only two electrons, minimizing power use and heat. Units laid side-by-side like dominoes would interact with neighbors via small voltages.

Researchers led by Gregory L. Snider at the University of Notre Dame (Ind.) have now fashioned such a unit and shown that it can make simple computational-logic decisions.

The device, described in the April 9 Science, covers a square patch of silicon about 2 micrometers on a side. Its four corners contain electrically isolated aluminum islands. The two mobile electrons in the unit stay as far apart as possible, retreating to opposite corners. The device holds a value of 0 or 1 according to which of the two pairs of islands the electrons occupy. 

The researchers have created only one unit, but to simulate the action of three surrounding units providing data to it, they apply voltages to three edges of their device. In response to a prescribed combination of inputs, the electrons hop from one pair of corner islands to the other. Assemblies of such switches could act as a general-purpose computer, the developers say.

Having demonstrated the technology, the team has recently begun an effort, expected to take decades, to shrink the units to molecular dimensions. At their present size, the units can’t compete with transistor-based circuits mainly because they must be chilled to 70 millikelvins to control electron position reliably. Reducing the device to molecular scale is expected to restrict electron mobility and “allow us to operate at more like room temperature,” says Notre Dame’s Gary H. Bernstein. 

   —P.W.

Hole pattern hinders ground ripples

Holes drilled in the ground in an orderly fashion can impede passage of certain surface waves, new research suggests. However, even if huge and widespread, such holes would yield negligible protection against earthquakes, seismologists say.

Francisco Meseguer of the Polytechnic University of Valencia in Spain and his colleagues drilled regularly spaced holes, 1.6 meters deep, in a marble quarry. In the May Physical Review B, the physicists report that certain vibrational frequencies—resulting from the clink of a steel ball against the marble—sharply weaken as they pass through the hole pattern. The intensity drops to as little as 10 percent of the original, Meseguer estimates. In earlier experiments, he and some of the same colleagues found that arrays of vertical metal bars damp sound waves in air (SN: 10/31/98, p. 284). 

Because the pattern attenuated surface vibrations known as Rayleigh waves, the researchers suggest that holes 26 meters across arranged in a pattern over a large area might hinder the much lower-frequency Rayleigh waves caused by earthquakes. However, seismologist Thomas H. Heaton of the California Institute of Technology in Pasadena says that Rayleigh waves cause almost none of 

the damage from earthquakes. On the other hand, such “clever” hole-pattern barriers might protect buildings from the rumble of railroad cars and heavy equipment, he speculates.                 —P.W.

Both honeycomb (top) and triangular (bottom) hole patterns squelch ground vibrations.

