Books

The Code of Kings: The Language of Seven Sacred Maya Temples and Tombs—Linda Schele and Peter Mathews. Featuring ancient Maya sites that contain elements with religious and political meaning, Schele and Mathews explain how to “read” religious and political art and architecture. The authors are widely recognized as the first to successfully interpret  these Mayan hieroglyphs. The glyphs reveal the belief system and history of the people as a whole. Scores of pictures and illustrations further the text. Originally published in hardcover in 1998. Touchstone, 1999, 431 p., b&w photos/illus., paperback, $20.00.

Earth Odyssey: Around the World in Search of Our Environmental Future—Mark Hertsgaard. Over a 6-year span, Hertsgaard visited 19 countries to analyze human response to environmental issues and to witness first-hand some ecosystems in peril. Interviews with noted politicians, writers, scientists, and citizens enrich this book, which details environmental degradation while suggesting ideas for sustainability. According to Hertsgaard, the rift between the rich and the poor a has great impact on this topic. For instance, in Africa, war and famine override concern about declining species. In China, as in many other countries, civilians willingly overlook environmental decline in favor of higher wages and status. Broadway, 1999, 372 p., hardcover, $26.00.

The Developing Mind: Toward a Neurobiology of Interpersonal Experience—Daniel J. Siegel. The initial mother-child bond is a crucial building block for emotional growth. Siegel’s scholarly treatise expounds upon how this bond affects us throughout life and how other human relationships and experiences ultimately shape the mind. Chapters devoted to the major domains of human experience—memory, attachment, emotion, representation, states of mind, self-regulation, interpersonal connection, and integration—build on one another to present a complete picture of the mind based on the neurology of the brain. Guilford, 1999, 394 p., hardcover, $37.95

Fearsome Fauna: A Field Guide to the Creatures Who Live in You—Roger M. Knutson. Amusing and informative, if not totally gross, Knutson is your tour guide to the harmless internal parasites harbored in the nooks and crannies of your liver, blood, and gut. He introduces a host of creatures that are living, eating, and breeding within you and tells you how they perform each 

of these functions at your expense. WH Freeman, 1999, 123 p., paperback $9.95.

Life by the Numbers—Keith Devlin. Math is everywhere—in movies, the heavens, animals, and even golf balls. Clearly, mathematician Devlin’s exuberance for this concept and his profession is captured in this tour, a companion text to a PBS series. Avoiding equations but loading up on illustrations, Devlin delves into the various aspects of mathematics by touring the ocean depths, casinos, medical laboratories, and ice skating rinks, to name a few. Originally published in hardcover in 1998. Wiley, 1999, 214 p., color photos/illus., paperback, $18.95.

The Polar Bear Strategy: Reflections on Risk in Modern Life—John F. Ross. Daily we are bombarded with ever-changing scientific reports of risk—flesh-eating bacteria, new carcinogens, Y2K catastrophes, and even asteroid collisions—that cause fear and sometimes panic. However, these perceptions are often skewed. For instance, it is more likely that a person will perish in the bathtub or a car than in an airplane. Ross’ primer helps qualify risk by accurately defining and quantifying it. This leads to methods for identifying and relinquishing long-held, often predetermined biological and psychological responses to risk. Perseus, 1999, 196 p., hardcover, $23.00. 

The Water We Drink: Water Quality and Its Effects on Health—Joshua I. Barzilay, Winkler G. Weinberg, and J. William Eley. As recently as 100 years ago, uncontaminated drinking water was unheard of. Today, we have come to understand that not only typhoid but also certain types of cancer, infertility, cardiovascular disease, and bone problems can be tied to impure water. As physicians, the authors focus on such health issues. However, the in-depth text also plumbs methods of water purification and treatment. A concluding chapter offers an enlightening overview of the bottled-water industry. Rutgers U Pr, 1999, 180 p., paperback, $17.00. 

The Yosemite Handbook: An Insider’s Guide to the Park and The Yellowstone Handbook: An Insider’s Guide. Both books by Susan Frank and Phil Frank. With all the expected detail, but also with a dose of levity injected through cartoons, these guidebooks provide comprehensive overviews of both parks—their attractions, accommodations, and recreational opportunities. Presented in a question and answer format, virtually every conceivable detail is covered, from where dogs can stay to what permits are needed to explore backcountry areas. Quick references round out each volume detailing the historical events at the park, telephone directories, place names, tour guides, preservation projects, and weather data. Pomegranate, 1999, 183/240 p., b&w illus., paperback, $14.95 each. 
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Cover: The brassy, sassy blue jay belongs 

to a group of birds that ranks high when researchers tally reports of novel ways birds get a meal. Unusual foraging tactics offer fodder for the study of innovation in animals. Page 364 (Photo: Cornell University)

Irreverent exhumation

The public exhibition of the remains of Inca burials is a particularly insensitive and indelicate act (“Inca mummies emerge from deep freeze,” SN: 4/17/99, p. 244). Continued ex-humation of these remains appears to be a self-aggrandizing sideshow. “Study” to some archaeologists seems to imply license to investigate human remains at will, at great disrespect to both the dead and their living descendants. The means of death is irrelevant; the means of study and publication are irreverent. The responsibility of preserving the sites is for Peruvian Native American leaders to decide, not a foreigner from a distant culture or museum looking for “information.”

Dolan Eargle

University of California, San Francisco

San Francisco, Calif.

Beta, gamma, what’s the problem?

“Radiation helps break down toxic waste” (SN: 4/10/99, p. 229) states that strontium in radioactive waste emits gamma rays. The only isotope of strontium with a half-life greater than 1 year is Sr-90, with a half-life of about 28 years. This is the isotope of concern in high-level waste. Sr-90 and its daughter yttrium-90 are pure beta emitters. They emit no gammas. Their betas are very energetic and probably also help degrade toxic chemicals.

Jesse Coleman

Tuscumbia, Ala.

Strontium-90 is, indeed, one of the dominant radioactive isotopes in tank waste and emits beta particles, says Donald M. Camaioni of the Pacific Northwest National Laboratory in Richland, Wash. Its subsequent decay products, however, emit both gamma and beta radiation on their way to becoming stable isotopes. “The chemical effects of gamma and beta radiation differ little,” he adds. “Both are ionizing radiation. Gamma just does its damage over a greater distance.” Cesium-137, which is both a gamma and a beta emitter and has a 30-year half-life, is also present in large quantities in underground storage tanks.
—C. Wu

Your article states that hazardous gases are produced by the breakdown of organic material, but it says nothing about any gas other than hydrogen. So, what is the problem?

Jim LeSire

San Diego, Calif.

Hydrogen poses an immediate threat because 

of its flammability. Volatile organic gases are probably formed also. 
—C. Wu

Light news and entertainment

The article “Slow motion sets in when the light dims” (SN: 4/10/99, p. 228) is very intriguing. The rod system is not only much more sensitive than the cone system but also is much more sensitive to the short wavelengths (blue and violet), with the result that light sources rich in these wavelengths are much more effective at low levels. In your example, incandescent automobile headlights are rich in red and deficient in blue. Metal halide headlights, which are very strong in the blue region, are just now becoming available. Not only are these much more energy efficient, but they are also about three times as effective visually at these low levels. The resulting reduction in driver reaction time should help compensate for the slower cone reaction.

Bill F. Jones

Orange. Calif.

For an entertaining demonstration of the difference in latency between rod and cone vision, just wiggle any small object that features a glowing part in front of your eyes under low lighting. The glowing part (perceived by the fast cones) appears to move out of synch with the rest of the world (perceived by the slower rods). A most dramatic form of this illusion is experienced when throwing an LED-equipped Frisbee under a full moon: In flight, the ring of light created by the spinning LED can appear to precede the disk it’s mounted on by a yard. In order to catch the disk, one must learn to grab the ethereal ring of light.

Nicol N. Schraudolph

Lugano, Switzerland
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CORRECTION

The word polyandry was used incorrectly in “Battle of the sexes” (SN: 5/15/99, p. 312). Polyandry is a mating system in which the female mates with more than one male, not one in which both males and females mate with multiple partners throughout their lives.

Waterways Carry Antibiotic Resistance

Bacteria that have developed immunity to antibiotic drugs pose a large and growing threat to the success of modern medicine. Three studies now find that U.S. rivers have become a major reservoir of such microbes. 

Reported at the American Society for Microbiology (ASM) meeting this week in Chicago, the studies demonstrate that antibiotic resistance is literally streaming across the nation. 

Ronald J. Ash of Washburn University in Topeka, Kan., sampled waterborne bacteria from 15 U.S. rivers, including the Mississippi, the Ohio, and the Colorado. He tested the microbes’ resistance to ampicillin, a synthetic penicillin.

At each of the 21 sites examined, ampicillin failed to kill between 5 and 50 percent of the bacteria. Though most of these bacteria are not types usually linked to disease, Ash notes that any bacterium can transfer its drug-resistance genes to pathogenic organisms in either the environment or a host.

Finding antibiotic-resistant bacteria in rivers is hardly novel. “What has not been appreciated is the extent of contamination,” Ash says. 

Because he found resistant bacteria both near major cities and in remote areas, Ash says, “I can’t say that I see any patterns.” In fact, he expected the water near New Orleans, at the end of the Mississippi, to be loaded with resistant bacteria, but they weren’t particularly plentiful there.

Antibiotic resistance is widespread but also unpredictable in the Rio Grande, finds Keith L. Sternes of Sul Ross State University in Alpine, Texas. He focused on enterococcus bacteria resistant to vancomycin. This drug is often a last line of defense against potentially lethal infections, such as those caused by Staphylococcus aureus bacteria that have become immune to the penicillin family of drugs (SN: 4/24/99, p. 268). 

Sternes tested water from the Rio Grande River’s headwaters in Colorado down to Presidio, Texas, at intervals of 50 miles or less. Though resistance was most prevalent downstream of El Paso—detected in up to 30 percent of the bacteria there—it was not always highest adjacent to big cities or ranches.

John Bennett of Clarke College in Dubuque, Iowa, found plenty of antibiotic-resistant bacteria—including pathogenic Escherichia coli and Salmonella—while testing 95 percent of the permanent streams in rural Dubuque County. He zeroed in on resistance to tetracycline, a drug widely used for livestock and people.

In some waters, just 1 percent of the bacteria proved immune to tetracycline. In others, 30 to 40 percent resisted the drug. Moreover, Bennett found that greater than 80 percent of the tetracycline-resistant bacteria examined were also immune to one to six additional antibiotics.

Tainted water probably explains the resistant bacteria in wild Canada geese living year-round in Chicago’s suburbs, says Monica L. Tischler of Benedictine University in Lisle, Ill. From goose feces, she isolated 179 types of bacteria, many of which showed strong resistance to streptomycin, erythromycin, vancomycin, tetracycline, and penicillin-family drugs. Resistance rates ranged from 2 to 100 percent, depending on the microbe and antibiotic tested.

“The surprise was that we found any resistance,” says Tischler. With little human contact or direct access to farms, these birds “should have had absolutely no exposure to antibiotics, unless it’s through their environment,” she says.

“The most important source of environmental, antibiotic-resistant bacteria is domestic animals,” says Richard Novick of New York University Medical Center. Farmers often feed livestock low doses of antibiotics to boost growth (SN: 7/18/98, p. 39). Inevitably, some bacteria in the animals, in manure-tainted fields, and in local waters evolve to coexist with the drug. Such resistant bacteria also develop in people taking antibiotics, he notes.

This resistance, which undermines the effectiveness of drugs, “is a reflection of our heavy antibiotics use,” indeed overuse, says ASM President Stuart B. Levy of the Center for Adaptation Genetics and Drug Resistance at Tufts University in Boston. That the resistance has spilled over into wild animals, such as geese, should “provoke a cry” to use antibiotics more judiciously, says Levy. 
—J. Raloff

Wild birds harbor and may transmit drug resistance.

Cocaine use boosts heart-attack risk

Bearing out researchers’ longstanding suspicion of a link between cocaine use and heart attacks, a new study confirms that cocaine users’ risk skyrockets within minutes of taking the drug.

Cocaine is “one of the strongest triggers of heart attacks,” concludes Murray A. Mittleman of Beth Israel Deaconess Medical Center in Boston. “The only thing that comes close is the case of the completely sedentary person who suddenly goes out and does vigorous exercise.”

Mittleman and his coworkers analyzed records of 3,946 patients who had had heart attacks. Of those, 38 said they had used cocaine in the year before being stricken, and 9 reported taking cocaine an hour or less before heart-attack symptoms appeared. The researchers estimate that during that hour, these otherwise low-risk individuals had an abrupt increase in heart-attack risk to 24 times the normal  risk. 

“It’s what everybody suspected for a long time, and they did a nice job of actually proving it,” says Judd E. Hollander of the University of Pennsylvania in Philadelphia. “Putting a number on it . . . shows just how dangerous the drug is. It’s a lifelong Russian roulette.”

The likelihood of heart attack returned to normal just 2 to 3 hours after cocaine use, Mittleman’s team reports in the June Circulation. 

Cocaine users were, on average, 17 years younger than nonusers when their heart attacks occurred and were more likely than nonusers to be male, nonwhite, and current smokers. The researchers accounted for these other risk factors when they calculated cocaine’s threat. 

“There are about 5 million regular users of cocaine in the U.S. and about 30 million people who have experimented with the drug,” Mittleman says. “If this information could be disseminated, it could help put the effects of cocaine, particularly on younger people, into context.”              —S. Carpenter

New technology turns canola plants into factories for a saturated fat used in margarine, chocolate, and baked goods.

Canola Information Service

Powdered platinum sheds all resistance

At temperatures near absolute zero, most metals become superconductors—substances that offer no resistance to electric current. However, a handful of metals has refused to transform into superconductors, no matter how cold researchers make them. Ironically, these holdouts include elements that rank among the best conductors at ordinary temperatures, such as gold, silver, copper, and platinum. 

Investigators in Germany now report finally observing superconductivity in platinum—when they weren’t looking for it. Their unexpected success came about because they happened to be experimenting with platinum in powdered form. Their aim was to explore how platinum’s magnetic properties might assist in the cooling of liquid helium. 

“Beginning these magnetic measurements, we just found this superconductivity,” says Thomas Herrmannsdšrfer. He, Reinhard Kšnig, and Alexander Schindler, all of the University of Bayreuth, report their discovery in the May 31 Physical Review Letters.

The finding “is important because it leads to further understanding of superconductivity in general and of the relationship between superconductivity and magnetism,” comments M. Brian Maple of the University of California, San Diego. 

In previous attempts to make platinum superconduct, researchers simply cooled the metal to the lowest possible temperatures. In 1997, Herrmannsdšrfer and other colleagues failed to spur superconductivity even when they chilled solid pieces of platinum to approximately 1.5 microkelvins. 

By contrast, cylindrical blocks of compressed powder began superconducting at roughly 1,000 times that temperature. Because the latter temperature is still close to absolute zero, platinum has little appeal as a commercial superconductor, the scientists say.

The Bayreuth team is now testing other powdered metals. Powdered silver cooled to 100 microkelvins has shown no switch to superconductivity. The group also plans to test platinum powder pressed into thin films and wires.

“We have ideas how this [transformation] can occur in powder while not in bulk platinum,” Herrmannsdšrfer says. Even the purest platinum contains a smattering of impurities such as iron, he notes. Scientists have long suspected that magnetic interactions among such atoms might prevent superconductivity. Pulverizing the metal may break up those interactions, Herr-mannsdšrfer speculates.

Conversion to a powder might also increase the number of vibration modes in the metal’s crystal lattice, he says. In other materials, vibrations are known to facilitate superconductivity. Because the ratio of surface area to volume soars when materials are powdered, surface vibrations absent in the bulk metal become abundant in the powder, the Bayreuth researchers suggest.

Finally, the most tantalizing but least likely explanation for the superconductivity, according to Herrmannsdšrfer, is that magnetically enhanced electron pairing is taking place (SN: 6/7/97, p. 351). If so, the new finding could shed light on a mechanism that researchers suspect occurs in cuprates, materials of enormous scientific and commercial interest that superconduct electricity at temperatures up to 133 kelvins (SN: 8/15/98, 

p. 111). 

Although the evidence so far favors the less provocative reasons for superconductivity in platinum powder, “it doesn’t rule out the possibility there is something more exotic happening,” Maple says.                                  —P. Weiss

One injured nerve fiber heals another

In an unusual finding that suggests a new strategy for healing damaged spinal cords, scientists have shown that severing nerve fibers in the body’s periphery stimulates repair of related fibers within the cord. The counterintuitive research tackles the perplexing issue of why peripheral nerve fibers regenerate but those in the central nervous system—the brain and spinal cord—do not. 

“The conventional explanation is that the environment of the peripheral nervous system is permissive [to regrowth], whereas in the central nervous system, the environment is hostile,” says Clifford J. Woolf of Massachusetts General Hospital in Boston. Indeed, myelin, the insulating sheath around nerve cell fibers, inhibits regrowth in the spinal cord but not in the periphery.

Questioning the importance of environment, Woolf and his colleague Simona Neumann wondered if peripheral nerves simply respond better to damage. When such cells suffer an injury, they switch on many of the same genes employed during their original growth. “Maybe the problem of a lack of growth in the central nervous system is that [damaged] cells don’t switch into an actively growing state,” suggests Woolf. 

The researchers found a perfect test bed for this idea: Some sensory nerve cells extend fibers, or axons, into both the peripheral and central nervous systems. In the cells studied by Woolf’s group, the main body sits just outside the spinal cord. The peripheral axon—for example, one in the sciatic nerve running down the leg—reports sensory information. To carry that sensory data to the brain, each cell has a second axon that enters the spinal column and ascends the cord.

In their initial experiment, Neumann and Woolf simultaneously severed the peripheral and central axons of these nerve cells in rats. The peripheral damage stimulated the injured central axons to partially regenerate, they report in the May 

Neuron. The damaged axons extended new growth into the injury site but didn’t completely bridge the gap. 

The researchers then added a slight twist to their experiment. It takes the central body of a nerve cell some time to react to an injury along a lengthy axon. The damage signal has to travel down the axon, the cell has to switch genes on and manufacture proteins, and those proteins must then make the journey along the axon. 

Recognizing the delay, the investigators decided to sever the peripheral axons of the nerve cells 1 week before the experiment damaged the axons in the spinal cord. “When we pre-injured the peripheral nerves, priming the cells into an actively growing state, and then cut the central axons, we got regrowth right across [the cut] and into the spinal cord above the lesion,” says Woolf. 

While such regeneration is impressive for spinal cord axons, the researchers have not yet shown that the axons reconnect appropriately and provide any functional recovery for the paralyzed rodents. Other researchers have partially healed spinal cord injuries in animals by blocking the inhibitory myelin proteins or engrafting peripheral nerve cells into the damaged areas (SN: 7/27/96, p. 52). 

The approach employed by Neumann and Woolf may not support full recovery 

from a spinal cord injury, says Ira B. Black of the University of Medicine and Dentistry of New Jersey in Piscataway. Many of the spinal axons travel down from the brain and don’t have a peripheral component. It’s unclear how scientists could trick these descending fibers into assuming a growing state.

Woolf cautions that the strategy that his group applied to the rodents is not one that physicians would consider. “I don’t think anyone would ever take someone with a spinal cord injury and start damaging their peripheral nerves,” he says.

Instead, his group plans to isolate the molecular signals generated by injured peripheral axons and determine which ones trigger nerve cells to regenerate.—J. Travis

Some sensory nerve cells extend fibers, or axons, both into the periphery (blue) and along the spinal cord (red). Curiously, damage to peripheral axons may help injured spinal cord axons regenerate.

Adapted from NINDS

Depressed smokers ride immune downer

Depression and cigarette smoking may make for a particularly dangerous combination. Men suffering from major depression who smoke around a pack of cigarettes a day experience immune-cell changes that research has linked to cancer development, a new study finds.

These disruptions of immune function do not occur in depressed nonsmokers, report Waymond Jung and Michael Irwin, both psychiatrists at the San Diego Veterans Affairs Medical Center. People in good mental health don’t exhibit the immune-system change either, whether or not they smoke up to a pack a day.

A prior independent study found that mentally healthy individuals who smoke two packs of cigarettes or more each day display immune changes comparable to those now observed in moderate smokers with depression.

Long-term data indicate that cigarette smokers who endure bouts of clinical depression exhibit elevated cancer rates, even for cancers not associated with cigarette use. This raises health concerns, since rates of cigarette use are high for people with major depression.

 “Our findings are compatible with epidemiological data showing that a combination of depressed mood and [cigarette] smoking increases the risk of cancer development,” Jung and Irwin contend. Their results appear in the May/June  Psychosomatic Medicine.

Jung and Irwin explored an immune pathway by which depression and smoking together might promote cancer. They collected blood samples from 127 nonsmokers who did not have any psychiatric disorders, 11 moderate smokers in good mental health, 46 nonsmokers diagnosed with major depression, and 61 moderate smokers also suffering from major depression.

Compared with the other three groups, depressed men who smoked cigarettes had substantially greater numbers of white blood cells—a general sign of compromised immunity—and their natural killer cells responded only weakly to foreign cells introduced in laboratory tests.

Natural killer cells play a surveillance role in the healthy immune system by destroying any cells that show early signs of cancerous growth.

Jung and Irwin’s finding of low activity in depressed smokers’ natural kill cells is “provocative and potentially important,” remark psychologist Janice K. Kiecolt-Glaser and immunologist Ronald Glaser in an accompanying editorial.

Combined with moderate cigarette use, physiological effects of depression may boost susceptibility to tumor progression, suggest Kiecolt-Glaser and Glaser, both of the Ohio State University College of Medicine in Columbus.

They add that the results have broad implications for the burgeoning field of immunotoxicology, which examines how various substances undermine the immune system. Certain chemicals may disrupt immune functions only in the presence of psychological conditions such as depression or sustained mental stress, the Ohio scientists maintain. 

Further studies should examine whether a mix of depression and cigarette smoking accompanies impaired immune function in women, note Jung and Irwin. Moreover, nobody knows yet whether immune function declines sharply in cigarette smokers who suffer from other psychiatric disorders, such as schizophrenia, they say. 
—B. Bower 

Sex ratios: Bad times wallop extra sons

Nearly 30 years of deer-watching on a Scottish island have revealed a quirk of male-female sex ratios. It may explain why a famous biological hypothesis has been maddeningly hard to prove.

The Trivers-Willard hypothesis, named for the scientists who devised it in 1973, predicts that to maximize their chances for heirs, the flossiest, fittest females in some species give birth to more sons than daughters. Struggling, underfed moms should bear extra females. 

In decades of searching for this effect, “there have been a lot of contradictory results,” says Loeske E.B. Kruuk at the University of Edinburgh. In the June 3 Nature, she and her colleagues report that the Trivers-Willard effect once seen among red deer on the Isle of Rum disappeared in one area where culling stopped and the population tripled. Crowding and harsh weather, argue the scientists, killed more male than female fetuses, canceling the predicted effect—that top moms would conceive extra sons.

The mechanism could be simple. Perhaps demands of the bigger, faster-growing male fetuses are more likely to overwhelm the resources of an already over-

stressed mom than the smaller demands of a female fetus are, Kruuk speculates.

Whatever the cause, this male vulnerability could be confounding studies of the Trivers-Willard hypothesis, Kruuk suggests. The only documentation for its effects come from populations not stressed by overcrowding, she points out. 

The Trivers-Willard hypothesis applies to species in which a mother’s condition affects her sons’ breeding success more than her daughters’. Among red deer, for example, a female in glowing health tends to bear robust sons that grow into big males defending large harems. These sons reproduce more prolifically than daughters, who bear one calf a season, even when in the best of health.

If a weak female produces a runty son, he may not mate at all because the big guys monopolize the females. For fit moms, sons offer a bonus. For frailer moms, a daughter is a safer bet.

Just what internal mechanism could skew sex ratios has fueled considerable speculation. Current views suggest that the mother’s hormonal state affects whether more male or female zygotes implant in her uterus, Kruuk says. 

In the same issue of Nature, Andrew Cockburn of the Australian National University in Canberra praises the “superb long-term data” from Rum. Fully demonstrating the Trivers-Willard hypothesis in wild animals has been “pretty difficult,” he told Science News. He notes that the first success was on Rum, where biologist Fiona E. Guinness of the University of Cambridge in England learned to recognize hundreds of deer by sight.

The idea that bad times slam sons more than daughters “has been widely seen as an alternative to the Trivers-Willard hypothesis,” Cockburn says. Researchers had mused that the factors emphasized by the two views might work together, but teasing out interactions seemed as daunting as proving the original hypothesis. “That was an area that inspired a bit of hopelessness,” he says.

After the latest analysis, Cockburn predicts, “people will see the two hypotheses can be married.”
—S. Milius

Prime red deer moms on the Isle of Rum bore extra sons—until life got tough.

Tim Clutton-Brock/U. of Cambridge

Rooting out dormant HIV-infected cells

Current AIDS treatments can kill off virus to nearly undetectable concentrations. Nonetheless, scientists have been unable to wholly eradicate HIV, the virus that causes AIDS, in any patient.

HIV infects immune cells called CD4 T cells. In a CD4 cell that the immune system hasn’t called into action, HIV can lie dormant for years, hiding from anti-AIDS drugs while retaining the potential to replicate. 

In an effort to drag these hibernating cells out into the open, where medication or healthy immune cells might destroy the virus, scientists have now employed interleukin-2 (IL-2). In some patients, this immune-system protein that activates CD4 cells appears to flush the infected cells from hiding, report researchers led by a group at the National Institute of Allergy and Infectious Diseases (NIAID) in Bethesda, Md. 

The scientists gave 26 HIV-infected patients a combination of anti-AIDS drugs; 14 also received IL-2. Because IL-2 can cause nausea, fatigue, and headaches, physicians gave patients their doses of that protein intermittently over a period of 16 to 51 months. Nearly all the patients had previously received some anti-AIDS therapy, and all started the study with low viral blood concentrations, or counts.

After treatment, the researchers cultured patients’ blood cells to increase the number of CD4 cells. No virus turned up in three of the patients treated with IL-2, even though more than 100 million CD4 cells were examined in each, the scientists report in the June Nature Medicine. Although the virus remained detectable in the other IL-2 patients, they had lower viral counts than the 12 participants not getting the protein. 

The scientists obtained lymph node tissue samples from two of the people in whom the virus was undetectable. The CD4 cells collected, even after being cultured, also seemed to harbor no virus. 

However, when these two patients later went off anti-AIDS medication, the virus showed up again, says coauthor Tae-Wook Chun, a virologist at NIAID. The third patient who had no detectable virus stayed on anti-AIDS medication and still shows no virus.

While encouraged, Chun remains cautious. “Just because you knock the reservoir [of virus] down to a low level, it doesn’t mean you have eradicated it,” he says. Rather, these findings support evidence that HIV is lurking in other immune cells or in CD4 cells in hard-to-reach places in the body, Chun says. 

The brain, the eye, and the testes all have barriers that keep out many bloodborne immune cells and proteins. Anti-AIDS drugs “don’t penetrate those regions very well,” says Roger J. Pomerantz, a virologist at Thomas Jefferson University in Philadelphia. Semen can harbor HIV capable of replicating, even as tests show that HIV in the blood has fallen below detectable concentrations in response to anti-AIDS drugs, he says. Such compartmentalization could thwart IL-2, which is carried in the bloodstream.

“We clearly need some approach to purging these [HIV] reservoirs,” says Warner C. Greene, a molecular virologist at the University of California, San Francisco. The new study “represents the first promising effort,” even though it doesn’t indicate how IL-2 might work in people carrying a lot of virus, he says.

“My concern is that, in the future, it may be difficult to find [patients with] such low viral burdens, even on medication,” Greene says. He and his colleagues have already begun to observe HIV resistance to drugs in San Francisco patients. In response, viral counts may soar. “I think we’re in a window 

of time, a honeymoon, where the drugs remain quite effective throughout the population.”                             —N. Seppa

When Stones 

Come to Life

Researchers ponder the curious human tendency to view all sorts of things as alive

By BRUCE BOWER

While conducting fieldwork in eastern Canada more than 60 years ago among a hunting and trapping group called the Ojibwa, an anthropologist asked an old man if all the stones strewn about the landscape were alive. “He reflected a long while,” the questioner reported, “and then replied, ÔNo, but some are.’ “

“This qualified answer made a lasting impression on me,” the late A. Irving Hallowell recounted in a 1960 essay on Ojibwa beliefs. 

The Ojibwa people, Hallowell noted, said that they communicated with many animals, objects, and events in their local environment. Bears, eagles, trees, hills, the sun, and thunder, to cite a few examples, served as social partners or spiritual guides under certain circumstances.

Thoroughly modern folks may say that only human beings rank as “persons,” but the Ojibwa sense of person covers a much broader range, including “animal person” and “wind person,” Hallowell said. That expansion of personhood, a belief that anthropologists call animism, made sense in the context of the Ojibwa’s daily experiences within and practical knowledge about their surroundings, he concluded.

Few of Hallowell’s contemporaries embraced his assessment of animism as a reasonable way of thinking. Yet nearly 40 years later, his Ojibwa observations have inspired some investigators to portray animism as a useful and universal human tendency. In hunter-gatherer societies, according to this view, keen attunement to the subtleties of trees, stones, heavenly bodies, and other facets of the world becomes a kind of conversation with these entities; it amounts to socializing with them as beings in their own right.

“For an Ojibwa hunter in the woods, what makes a tree alive are its distinctive movements as they are registered in experience—the swaying of its boughs in the wind, the audible fluttering of its leaves, the orientation of branches to the sun,” says Tim Ingold of the University of Manchester in England.

“Habitual movements of the sun in the heavens, of trees in the wind, of animals and humans as they go about their everyday tasks take place as part of a total life process of continuous birth, through which the world itself is forever coming into being,” Ingold maintains. “In short, living beings do not move upon the world but move along with it.”

Despite Western canons of thought that rigidly divide animate and inanimate, human and nonhuman, and natural and social, people in modern societies tend to hold animistic convictions with no less fervor than members of tribal and nonliterate societies, some scientists now claim. 

Consider the ease with which people see life forms in the smudgy blots of a Rorschach inkblot test and name and talk to cars, computers, and other valued possessions. Think of the many writers and poets who avidly animate the natural world and humanmade objects in literary descriptions. Even scientists find it difficult not to assume that nonhuman animals, natural phenomena, and theoretical entities operate on the basis of intentions and beliefs.

British anthropologist Edward B. Tylor launched the scholarly concept of animism in the first volume of Primitive Culture, a highly influential work published in 1871. The “primitive” mind mistakenly attributes life to all things, even inanimate ones, just as children model the whole world on themselves, Tylor contended. Modern religion evolved out of the animistic beliefs of ancient people, he proposed.

Tylor also argued that in the primitive view, a “ghost-soul” animates each individual’s body and survives the body’s death. He labeled this belief a delusion that had resurfaced in his era’s fashion for holding spiritualistic sŽances.

Tylor’s ideas greatly influenced later investigators. They have often described as “childlike” the many people living in nonindustrialized settings who embrace animistic beliefs. 

His reach certainly extended to Swiss psychologist Jean Piaget, who in the 1930s asserted that because children fail to distinguish between their own minds and the world, they treat virtually any object as alive and conscious. Animism diminishes as children develop adult ways of thinking, Piaget held.

Yet around that same time, Margaret Mead noted that animism flourished among adults, not children, in a South Pacific tribe she had lived with. If, for example, a canoe floated away from where it was moored, adults in the tribe attributed the loss to a vengeful canoe spirit. Kids, however, had to learn about such animistic beliefs from their elders, Mead suggested.

Stewart E. Guthrie, an anthropologist at Fordham University in New York City,  attempted to clear up the confusion about animism’s roots in his 1993 book Faces In The Clouds (Oxford University Press). Animism represents a necessary error committed by all creatures that must quickly discern the living from the lifeless in order to survive, Guthrie theorizes. No hard-and-fast criteria exist for identifying live creatures. Moreover, both prey and predators in natural environments are often hard to see and may have evolved elaborate forms of camouflage. 

According to Guthrie, a simple perceptual strategy operates in this situation: When in doubt about whether something is alive, assume that it is.

People, including those in modern Western societies, attribute life to all sorts of inanimate objects as a result of this perceptual stance, in Guthrie’s view. The related tendency to anthropomorphize, or assign human characteristics to nonhuman things or events, often accompanies animism, he adds.

Away from the heat of the chase, people would eventually have a chance to ponder what is human and what is not, another anthropologist argues. Guthrie fails to explain why so many people embrace animistic beliefs after presumably having had time to realize the error of their ways, contends Nurit Bird-David of the University of Haifa in Israel. Guthrie seems to imply that the Ojibwa, for instance, cannot learn enough from their experience to reject perceptual illusions that at first entice them into granting personhood to select trees and stones, she says.

In Bird-David’s alternative approach, practical experience breeds animistic assumptions because human thinking skills have evolved primarily as aids to social interaction. Regular engagement with any entity, resulting in a growing knowledge of its tendencies and quirks, entails accepting it into fellowship, she suggests. That entity, even if it’s the wind or a tree, appears to reveal a sense of self through what becomes—for the human participant, at any rate—an ongoing conversation.

In the February Current Anthropology, Bird-David applied this view to the Nayaka hunter-gatherers of southern India. She conducted fieldwork there from 1978 to 1979 and again in 1989.

The Nayaka define a person as “one whom we share with.” Rather than thinking of separate individuals bounded by their skin and acting on the basis of private thoughts, as a Westerner would, a Nayaka villager thinks of another in regard to how that person relates to others. Those who regularly share with the Nayaka—including Bird-David during her fieldwork—are referred to as kin.

The Nayaka designate various features of their environment as devaru, a word that roughly translates as “superperson” or “person with extra powers.” For instance, growing familiarity with the opportunities afforded by a local hill—its food resources, lookout points, and so on—inspire the Nayaka to speak of the “hill devaru” that shares with them and ranks as a relative.

At gatherings every year or two, Nayaka from different villages participate in devaru performances. Designated individuals enter trance states and portray various devaru. For 2 days, these devaru-in-human-form carry on a running conversation with Nayaka participants at the event. Talk often involves bargaining for favors and offerings, nagging and teasing each other, and complaining about or apologizing for past lack of support.

These performances boost awareness of the devaru’s existence among the Nayaka and drive home the need for villagers to nurture ties to devaru in their everyday affairs, Bird-David proposes.

Animism in modern societies similarly arises through a process of attaining familiarity with specific aspects of one’s surroundings, she adds. In the high-tech world, however, it may be mechanical and electronic entities that are treated as at least potentially conscious. The distance from a chess-playing computer to a silicon comrade, for example, seems particularly short. 

Ingold agrees that as people forge close relations with features of their environment, animism flourishes. A close analysis of Hallowell’s writings on the Ojibwa, who still live in Canada, supports this view, Ingold says.

For the Ojibwa, the self or person exists as a function of one’s actions, not as an internal mental unit, he asserts. No physical barrier separates mind from world; humans act within their environment rather than operating in a society that exists apart from nature. In fact, Hallowell could identify no Ojibwa word for the concept of nature.

The Ojibwa hold that a ubiquitous spiritual essence generates powers of thought and speech. This spirit can migrate from a human’s body into nonhuman forms, such as bears or the wind. Powerful people, according to the Ojibwa, manage to harness spiritual forces so that they can change their physical form and carry out special activities.

Encounters with persons of all kinds take place while dreaming as well as while awake. Hallowell noted that the Ojibwa experience dreams as active forays into the world, not as slumber-induced hallucinations. Dreaming offers a chance for one’s self to roam through space and time, take on various guises in the animal and physical world, and encounter mythological figures.

In their daily activities, the Ojibwa, as described by Hallowell, sought out signatures of particular modes of life, Ingold suggests. For instance, thunder speaks through the quality of its rumbling peals—to attentive and empathetic listeners, at least—just as the sounds of talking, singing, clapping, and drumming speak of a human presence in distinctive ways.

So it seems reasonable, Ingold says, to entertain the possibility that the old Ojibwa man who spoke to Hallowell truly perceived some rocks as live participants in the activities of his comrades.

Bird-David and Ingold’s proposed makeover of animism from childish illusion into grown-up conversation with the environment strikes G’sli P‡lsson, an anthropologist at the University of Iceland in Reykjavik, as a promising development. Because the concept of nature has become increasingly isolated from human society in the Western world, researchers have developed an unfortunate tendency to ignore widespread animistic beliefs or relegate them to an outdated category of “primitive” thought, P‡lsson argues. 

A keener scientific appreciation of animistic thinking demands more than an emphasis on intimate relationships to one’s environment holds anthropologist Scott Atran of the University of Michigan in Ann Arbor. In all cultures, he asserts, people accept animistic assumptions on authority or as a matter of faith rather than constructing them out of “common-sense knowledge.” In Atran’s view scientists need to identify the mental mechanism that allows individuals who accept animistic beliefs to override a universal tendency to categorize plants and animals in highly structured ways (SN: 11/16/96, p. 308).

Resuscitated respectability for animism also raises questions about a currently popular theory comments psychologist Angeline S. Lillard of the University of Virginia in Charlottesville. It states that children everywhere come to assume that only people have intentions, beliefs, and other mental states that impel them to act (SN: 7/17/93, p. 40). Many North American and European scientists now theorize that by around age 5, children avidly try to discern others’ thoughts and feelings.

Many non-Western cultures, on the other hand, regard this mind-reading process as unimportant, Lillard reported in the January 1998 Psychological Bulletin. For example, some of these groups give little regard to inner emotions and thoughts. They instead view spirits, particular situations, and other people as central causes of individual actions. They often attribute life and magical powers to rocks, trees, and other entities, as well as to natural phenomena and dead ancestors, Lillard suggests.

There can be differences in outlook even within a country. Preliminary findings, discussed by Lillard in the April Current Directions in Psychological Science, suggest that rural 7-year-olds in the United States—but not their urban counterparts—explain others’ behavior mainly with references to characteristics of situations rather than internal intentions and beliefs.

Even among grown-ups who believe that their own mental processes guide their actions, those engaged in practical tasks readily perceive life in surprising places. One striking instance concerns the men who battled massive forest fires in the western United States in 1989. They described the flaming mass to interviewers as “devious,” “cunning,” and “lying in wait.” When winds died down at night, firefighters referred to the fire as “resting up.”

Perhaps one of the seasoned firefighters, if asked by an anthropologist such as Hallowell whether all fires are alive, would respond, “No, but some are.” 
n

Behavior

Sounds like dyslexia 

Scientists have tentatively linked the reading disability known as dyslexia to a bevy of brain disturbances. A team of neuroscientists now adds to this collection a disruption of the brain region that mediates perception of brief, rapidly presented sounds.

Lifelong reading problems may often stem, at least in part, from glitches in an area of the brain’s sound system thought to be crucial for identifying speech sounds, contend Srikantan Nagarajan of the University of California, San Francisco (UCSF) and his coworkers.

“We believe that adult dyslexics are not delivering normal forms of representation of the separate sounds in words to brain regions involved in speech perception and reading,” says study coauthor Michael M. Merzenich, also of UCSF.

The new study, published in the May 25 Proceedings of the National Academy of Sciences, compared seven people severe reading difficulties typical of dyslexia with seven competent readers. All were between 18 and 42 years old and had average scores on intelligence tests.

Only the poor readers scored low on a test of the ability to discriminate between pairs of briefly heard sounds. Each acoustic duo consisted of any of four combinations of high- and low-frequency tones (high-high, high-low, low-high, low-low). After presentation of a sound pair, volunteers signaled which combination they had heard by pressing buttons strapped to their thighs. A computer stored their responses.

During these trials, sensors placed over the scalp measured magnetic fluctuations generated by the electrical activity of large numbers of neurons. The UCSF team focused on activity in the brain’s primary auditory cortex, which sorts out sounds that can serve as components of words.

Competent readers readily identified the sound sequences. Poor readers report hearing each pair of sounds, and they could often tell when the two sounds differed. They usually erred, however, in selecting the correct sequence. 

Moreover, individual tones evoked weak and disorganized responses in the primary auditory tissue of poor readers, in contrast to strong, clear responses in competent readers.

Other recent studies have implicated brain disturbances affecting language comprehension and visual perception in dyslexia (SN: 3/7/98, p. 150). 

   —B.B.

Feeling better with fish oil

Preliminary evidence suggests that a nutritional supplement, omega-3 fatty acids from fish oils, helps stabilize the volatile moods of people suffering from manic depression, also known as bipolar disorder.

Omega-3 fatty acids may share biochemical actions with lithium and valproate, say psychiatrist Andrew L. Stoll of McLean Hospital in Belmont, Mass., and his colleagues. Those medications are commonly used, with varying success, to treat manic-depressive patients.

The researchers recruited 30 patients receiving drugs for manic depression. Over 4 months, 14 of the volunteers also received high daily doses of omega-3 fatty acids in capsules containing fish-oil concentrate. The rest took olive-oil placebos. 

Initially, all patients showed mild symptoms of mania or depression. Eleven of those receiving omega-3 fatty acids improved or maintained their emotional condition during the study, compared with 6 of the 16 patients taking placebos, the scientists report in the May Archives of General Psychiatry. 

More intensive studies of the effects of omega-3 fatty acids on manic depression are needed, comment psychiatrist Joseph R. Calabrese of Case Western Reserve University School of Medicine in Cleveland and his colleagues in a commentary accompanying the study.  

   —B.B.

Computers

Factoring with a TWINKLE

The so-called RSA encryption system is widely used to safeguard electronic mail and credit card payments on the Internet. To unscramble confidential transmitted information, a snoop’s computer must factor a large number into its two prime-number components. If the number is large enough, such a task is prohibitively time-consuming (SN: 2/6/99, p. 95). In the RSA scheme, the numbers used in Internet applications typically have about 150 decimal digits (512 bits).

Advances in computer technology and design, however, are quickly bringing such numbers within reach of spies and criminals. Computer scientist Adi Shamir of the Weizmann Institute of Science in Rehovot, Israel, has now proposed an ingenious design that takes advantage of existing technology to create a factoring machine for rapidly cracking RSA-based codes. “The main practical significance of such an improvement is that it can make 512-bit numbers easy to crack,” says Shamir, who is one of the inventors of the RSA system. To ensure security, numbers much larger than 512 bits will be needed.

The new factoring technique relies on a novel optoelectronic device that Shamir calls The Weizmann Institute Key Locating Engine, or TWINKLE. The device—not yet built—would be housed in an opaque cylinder about 6 inches wide and 10 inches high. An array of light-emitting diodes, driven to flash at various frequencies corresponding to prime numbers, would cover the cylinder’s bottom. The cylinder’s top would hold a photodetector that measures the total amount of light emitted at any given moment by all the light-emitting diodes. In effect, the array would act like thousands of computers simultaneously running through candidate primes.

A computer would then transform photodetector signals into numbers related to the prime factor being sought. Those numbers then would go into standard mathematical recipes, such as the quadratic sieve or number-field sieve, for factoring large numbers. Adding the optical device promises to make factoring more than 100 times speedier.

“There’s no new mathematics in this machine,” says cryptographer Bruce Schneier of Counterpane Systems in Minneapolis. “It’s just a much faster way of doing existing mathematics.”

“Designing and constructing the first prototype of this device [could] cost hundreds of thousands of dollars, but the manufacturing cost of each additional device [would be] about $5,000,” Shamir estimates. 

“If I were to put a team on it, I would expect it would take 1 to 2 years to . . . and build a prototype,” Schneier says.
                     —I.P.

Data storage on a global scale

The destruction of the famous library in Alexandria at various times in ancient history meant the irrevocable loss of huge collections of texts. Today, the failure or sabotage of a massive computer system storing archival material could present a similar disaster. One way to avoid the problem is to spread information out over the Internet in such a way that programmers could recreate it, even after a large fraction of the participating computers had been disconnected or destroyed.

Peter N. Yianilos of the NEC Research Institute in Princeton, N.J., and his collaborators have now unveiled the prototype of such a dispersed-data-storage system for the Internet. They call it the Archival Intermemory.

The researchers envision breaking up electronic data into memory units, mathematically transforming the files so they contain redundant information, and then parceling out fragments of that material to computers all over the world. At any time, Intermemory software could reassemble complete documents from as few as half of the constituent pieces.
 —I.P.

The Search for Animal Inventors

How innovative are other species? 

By SUSAN MILIUS

Just how human is that prized human capacity for innovation? Does a creative genius really need the rumpled sweatshirt and the caffeine? Or for that matter, does he, she, or it need an opposable thumb to wrap around the coffee cup? 

And what about the everyday innovator, the blessed individual in the carpool who can always come up with a perfect shortcut? If that counts as innovation, are there innovators, even Edisons, among monkeys? Birds? Fish? 

Kevin N. Laland might phrase his research problem a little differently, but he takes such questions seriously—so seriously that he and his students at the University of Cambridge in England are looking for innovative capacities among guppies. 

Laland is one of the few researchers who explicitly examines innovation in animals. However, other behavioral and ecological research, such as studies of improvisation in bird songs or in chimps’ tool use, also touch upon that “Aha!” of creativity. The implications of all this work ripple into the study of the origins of human culture. 

“It’s fundamental,” Laland says.  

Although innovation may be basic, it’s not easy to define, and research-ers’ characterizations of it vary. Laland describes it as “new or modified behavior patterns.” He quotes the textbook examples: Local groups of blue tits in England began to peck open the milk bottles on doorsteps and snitch the cream. A Japanese macaque collected potatoes left on the beach and dipped them in water to remove the sand. A chimp put extra whump in his threat display by banging empty kerosene cans together.

“We need to know that the animal is not just doing something bizarre and wacky—it’s not just having a funny day,” Laland says. “The animal has to learn something [useful].”

Therefore, Laland is not impressed when one of his guppies leaves its buddies and darts off in a new direction. It may be swimming boldly where no guppy has swum before, but Laland wants more payoff. He does, however, count as innovation a guppy’s pioneering trip through a maze to unfamiliar food, a task Laland uses in his experiments.

Even that feat doesn’t satisfy Bennett G. Galef Jr. of McMaster University in Hamilton, Ontario. “It’s not clear he’s captured what we mean by innovation,” says Galef, a long-time researcher of how new behaviors spread. 

He demands that an animal act in a manner more novel than just bumbling through a maze. One of his experiments, for example, focused on black-capped chickadees wrestling open and feasting on the little plastic cups of cream that restaurants supply for coffee.

Laland counters, “At this stage, we need a broad definition.”

O ne of the basic questions that Laland and his student Simon M. Reader have explored is what factors inspire innovation, as they define it.

The researchers tested fish in groups, releasing them in one compartment of a divided tank. The guppies who found their way through a simple maze that they’d never seen before encountered a feeder stocked with freeze-dried bloodworms. The test fish had never before seen that traditional guppy delight.

The researchers noted characteristics of the guppy in each group that solved the puzzle first. “The most intuitive finding,” Laland says, is that food-deprived fish tend to reach the food more often than their well-fed counterparts.

Less predictable was their finding of a gender difference. In 27 of 36 groups, the first guppy to strike the bloodworm feast was female. Age, size, and tendency to dash about cannot explain the difference, Laland says.

The finding made sense to Laland when he considered fish sex differences. One of the basic principles of modern behavioral ecology has been to follow the parental investment. A female guppy bears live young, a venture demanding considerably more from her than from the dad. Thus, the amount of food that she finds limits reproductive capacity. Availability of males, however, is not usually an issue because the female stores sperm from each mating.

 A male faces the opposite situation. His primary challenge is to attract a female’s attention with displays of his gaudy tail. Food doesn’t limit his reproductive capacity. “He simply needs enough to give him the energy to keep chasing females,” Laland says. 

Thus, the male doesn’t have the incentive to forage boldly and inventively, Laland concludes. The female, however, faces significant reproductive pressure to become a creative genius at finding freeze-dried bloodworms.

A gender difference appeared again when Laland and Reader tested guppies that had been sorted by their ability to compete with other fish when scrambling for food, according to results to be published soon in Behavioral Ecology. Remembering the performance of hungry fish in the earlier experiments, the researchers predicted that the poor competitors—the perennial losers in scramble competitions—would turn out to be more innovative.

Scramble prowess did not predict the females’ success. Laland interprets this result: For females, “it always pays to try to gather more food.”

The loser males, however, proved more innovative than the tough competitors. For males, foraging innovation pays “only when you’ve done really, really badly” as a competitor, Laland concludes. 

Guppies may not be the only species with particularly innovative females. The pattern shows up in descriptions of chimp behavior from Jane Goodall and other scientists. For example, females use tools to snag desirable nuts or bugs more often than males do. 

A theme of the guppy findings, necessity as the mother of invention, also fits with some earlier studies of influences on innovation. Watching crowlike jackdaws, Gadi Katzir reported in the 1980s that mid- to low-ranking birds venture into novel spaces more often and try new foods sooner than their social superiors do. Goodall and Hans Kummer also reported that nonhuman primates on the fringes of social groups frequently prove to be the most innovative members.

Setting aside such issues as desperation and sex, Laland and Reader also assert that there are Edison-class guppies. The researchers selected the fish that proved fastest in two consecutive rounds of solving mazes. In a third round, with a third kind of maze, the researchers pitted two-time winners (presumed innovators) against two-time losers (presumed noninnovators). 

The quick group again outperformed the others, reaching the food in an average of 15 minutes versus 23. Laland sees the test as evidence for identifiable innovators among guppies.

He admits enjoying the irony that his guppies, “not renowned for their intelligence,” show evidence of individual innovative zest that some allegedly more highly evolved animals don’t seem to have. For example, a test of capuchin monkeys, reported by Dorothy M. Fragaszy and Elisabette Visalberghi in 1990, provided no evidence of individuals with special innovative powers. 

The frustration of trying to compare species based on the lab tests drove Louis Lefebvre of McGill University in Montreal to see what he could glean from reports of activities in the wild. He decided that he could count on the fervor of birdwatchers. 

“Ornithologists report absolutely every new thing they see,” he says. Journals routinely carry short descriptions of novelties, such as species sighted outside their ranges and birds eating something unusual or foraging in a peculiar way. 

Computer searches couldn’t sort accurately enough, so Lefebvre mobilized students to read through ornithology journals, noting reports of novel feeding. By now, they’ve evaluated 1,030 anecdotes in 25 journals.

The first installment of results, published in the March 1997 Animal Behaviour, noted 322 reports of innovations among birds from North America and the British Isles. This list includes an osprey opening conch shells by dropping them on concrete-filled drums, a turnstone stealing food from sea anemones, and a house sparrow hovering in front of the sensor that triggers the automatic door at a bus station and then flying inside for food.

When Lefebvre ranked the bird groups on the creativity scale, crows and their relatives scored high. Ducks, chickens, and pheasants were low. 

The innovation scores intrigue Lefebvre because they match work on brain anatomy. Birds at the top of the innovation tally have relatively bigger forebrains, he says. His newest work, not yet published, supports the correlation and narrows in on the forebrain area that seems important.

Lefebvre acknowledges risks of a method based on anecdotes, but he adds, “I’m saying, for the moment, it works.”

Bird songs yield plenty of evidence for musical innovation, according to researchers at the Borror Laboratory of Bioacoustics at Ohio State University in Columbus. Dialects, which are geographic novelties thought to have started with some innovative songster, are of special interest to the laboratory’s director, Douglas Nelson. “You can tell where you are in California, Oregon, or Washington if you know the white-crowned sparrow song,” he notes.

By mapping the song variety of this sparrow in detail, ornithologists have demonstrated sharp borders between dialect areas. In some places in California, Nelson has discerned a shift in local sparrow dialects just by crossing a stream. Only a few other species have shown such clear demarcations. 

Sandra L. Gaunt, from the same lab, is working on dialects in Costa Rica’s green violet-ear hummingbird. When males want romance, they usually gather in clusters of two to six birds to sing and show off. All the birds within a cluster produce the same courtship song. Each cluster, or lek, however, has a different dialect, although to human ears the songs all are “very monotonous and staccato,” according to Gaunt. 

 So many leks and so much new music may have arisen because no lek can get very large, Gaunt speculates. A male does not just sing over the notes of his competitors. He slips the phrases of his song into the slight pauses in theirs. As the males sing together, they speed up, making it especially tricky to coordinate notes. More than six birds interweaving their songs would crash into each other acoustically.

Improvising new songs instead of repeating old favorites may reflect a mobile life, suggests Donald E. Kroodsma of the University of Massachusetts at Amherst. A sedentary bird that always has the same neighbors can use shared songs as what Kroodsma calls “a common, learned code.” The migratory life, instead, seems to favor improvising a large number of species-typical tunes for communicating with changing, wide-ranging neighbors.

In North America, for example, sedge wrens migrate, and each male improvises most of his several hundred songs. In Costa Rica, the same species tends to stay put, and neighbors’ repertoires overlap, Kroodsma and colleagues reported in the April Animal Behaviour. In Brazil, they observed an extreme version of a shared repertoire. In an hour-long musical duel called countersinging, two males matched more than a third of each other’s songs.

Other renowned singing animals, the humpback whales, revise their songs constantly, notes Joseph R. Mobley Jr. of the University of Hawaii at West Oahu. Males in a region all sing the same highly structured number, with phrases combined according to syntax rules. As the breeding season progresses, the song is modified and all the males adopt the changes.

Many other animals have unchanging melodies that seem biologically preprogrammed, Mobley says. “It’d be pretty easy to hardwire the [whale] song.” Since that isn’t the case, he bets that the innovation will turn out to play some important role.

Chimps clearly invent things, reports Sarah T. Boysen, who runs the primate lab at Ohio State. “I see something just about every day.” She’s not entirely happy about it, either. 

One of her challenges has been to keep two chimps, now 28 and 32 months old, from scampering to the ceiling of their room and pulling apart the light fixtures. For 6 months, she kept them down by greasing the most attractive route, a run of piping, with cooking spray so it was too slippery to climb. However, the chimps then started shredding materials in their cage and rubbing off the grease. Boysen gave up and installed a mesh ceiling to protect the chimps and the lights from each other.

She also relates what happened when, to create a new toy, she dangled a length of stretchy surgical tubing from the mesh. “They loved it—bungee, bungee, bungee!” she remembers. Then, the young female wove the loose end of the tubing back up into the mesh and made her own swing. 

Innovation goes beyond the antics of captive animals, Boysen says. Studies of tool use among wild chimps show powerful evidence of lightening-bolt creativity. Animals in one part of Africa carry around stones that they use as hammers and anvils to crack open nuts. The same nuts grow among chimps elsewhere, but those animals don’t pick up stones to crack the nutshells.

Such localized tool traditions keep popping up as investigators watch the animals in the field, Boysen notes. One group of chimps drags a plant through ponds and then eats the algae collected on the leaves and stems. Another group clambers to the top of oil palms, rips out the central fronds, and then pounds a pestle into the trunk to crush and release the soft innards.

These examples show how innovation allows animals to exploit a new niche, Boysen observes. Classic evolutionary theory emphasized population processes, but to appreciate innovation, “the individual becomes very important,” she says.

Primate studies in particular suggest that most individuals’ innovations die with them. Laland notes, “Only a tiny, tiny fraction spread to the rest of 

the population.” 

Part of the reason may lie in the usually low status of innovators: the poor competitors, the small, and the hungry. “They’re not being watched,” he notes. 

Actually, there may be Edisons all over the place, throughout the animal kingdom. The tricky part is getting anyone to notice. 
n

The Blue Delta guppy may look like just another pretty tail, but some individual guppies are more creative in finding food than others are. Researchers at Oxford University uncovered this distinc-tion during experiments on the drabber pet-store guppies.

Stan Shubel

Relative advantage: The bird family including this Florida scrub-jay and its crow and magpie kin consistently outranks ducks in a scientist’s tally of innovative feeding behavior.

Erika Simon/Florida Mus. of Nat. Hist.

Humpback whales keep composing new tunes, changing the male choral song more often than some other mammals change hemlines.

Juvenile chimps come up with all kinds of antics, supporting the idea that, regardless of species, the creative spark flares especially bright among the young, the low-ranking, and the hungry.

Science & Society

Nuclear secrets: What’s been stolen?

Agents of the People’s Republic of China have stolen classified information on every missile warhead in the current U.S. arsenal and at least one—the neutron bomb—that this country has not yet deployed. China’s efforts to acquire these secrets were aided by lax security at the five nuclear-weapons labs of the Department of Energy (DOE) and decades of poor-to-nonexistent counterintelligence to protect nuclear-weapons data.

Those are the principal conclusions of a 6-month bipartisan investigation of a committee chartered by the House of Representatives. Chaired by Christopher Cox (RÐCalif.), the committee issued its unclassified findings on May 25 in three-volumes. 

The committee began the investigation last year after officials found that two U.S. satellite manufacturers had given technical guidance to China’s space program after it failed in three attempts to launch commercial U.S. satellites. Since shared information could aid another nation’s military readiness, U.S. law requires a State Department license before a company can release data to foreign nationals from some countries, such as China. Neither company had sought such a license. 

Cox said that the companies’ help led to advances in the Long March rocket—”the workhorse” of China’s military space-launch program—and may have improved China’s ability to deliver long-range ballistic missiles. 

The bulk of his committee’s report, however, focuses on thefts of nuclear technology, mostly from DOE’s national laboratories, discovered during the investigation. What the thefts entailed—weapons, blueprints, or just conceptual designs—remains unknown, notes committee member John M. Spratt Jr. (DÐS.C.). 

However, after its report was completed, the committee learned that China had had a chance to steal “legacy codes”—mathematical equations that model explosions from measurements during actual weapons tests. If China indeed obtained these equations, Spratt said, its military will need fewer bomb tests to model and build advanced thermonuclear weapons.

China wouldn’t have been able to use legacy codes or related data if the United States hadn’t relaxed controls on its exports of the high-performance computers, Cox notes. In 1996, China had virtually no such computers. It obtained about 430 from the United States in just the first 9 months of 1998, and by December had more than 600. 

The House science committee, responding to the report, forwarded a bill that would ban from DOE’s laboratories any foreign visitors from “sensitive countries,” such as China. —J.R.

DOE responds to Cox report’s charges

“There is no evidence of a Ôwholesale’ loss of information” due to China’s theft of nuclear secrets, says Department of Energy Secretary Bill Richardson. “In fact,” he told reporters last week, “there are [only] three confirmed instances of theft—one in the late 1970s, one in 1984-85, and one from 1984-88.” However, acknowledging that serious security problems have existed within DOE, especially at its labs, Richardson said a sweeping new counterintelligence program has been developed. 

Since borrowing 35-year veteran Edward J. Curran from the FBI last year, DOE has expedited its security improvements. Based on recommendations by counterintelligence experts enlisted by Curran, the national labs have installed new computer “firewalls” to curb data theft, begun tougher screening of foreign scientists, and started administering periodic polygraph tests to all scientists in sensitive positions. Richardson is also recruiting an experienced counterintelligence staff headed by a “czar” who will report directly to him. 

Says the energy secretary, “We are addressing the problems of lax security that has spanned 3 decades.” Despite the Cox report’s claim that DOE’s security remains marginal, “we think the problem has been corrected,” says Richardson. —J.R.

Materials Science
Nanotube strips delivers muscle power

As animals rely on muscles to move their bodies around, so machines use devices known as actuators for their motions. Now, an international team of researchers has created an actuator that uses carbon nanotubes to mimic muscle fibers. Someday, engineers could incorporate these artificial muscles into robots, aircraft control systems, and sensors, the group says.

Like natural muscles, these devices turn electrochemical energy into mechanical movement. The researchers stick two thin films of matted nanotubes, which they call buckypaper, to double-sided Scotch tape. When they immerse this simple device in saltwater and apply a voltage, the coated tape curves. Reversing the voltage bends the strip in the opposite direction.

Applying a voltage changes the number of electrons in both sheets, causing the nanotubes to expand. However, the nanotubes on the side of the tape that gets positively charged stretch out more than those on the side where negative charge builds up. As a result, the strip bends.

The nanotube actuators work at lower voltages and can generate higher forces than devices made from other materials, says Ray H. Baughman of AlliedSignal in Morristown, N.J. He and his team report their findings in the May 21 Science. Ultimately, their goal is to make an actuator for microscopic machines out of a single nanotube (SN: 7/26/97, p. 62). —C.W.

Credit: Baughman

A new route to a superhard material?

For years, scientists have tried to synthesize beta-carbon nitride, a material predicted by theorists to be harder than diamond. Most attempts, however, have ended in frustration, and claims of success have encountered skepticism from outside observers (SN: 7/11/98, p. 28).

Now, Peter Kroll and Roald Hoffmann of Cornell University have explored the feasibility of a new way to make beta-carbon nitride. They argue, using theoretical computations, that squeezing a soft polymer containing the right ratio of carbon and nitrogen could yield the elusive material. A previously unknown form, which they call lambda-carbon nitride, should appear as well. They report these conclusions in the May 19 Journal of the American Chemical Society.

Kroll says the new calculations indicate that the polymer will compress into dense networks under high pressure. Whether the final material will be as hard as everyone expects is unclear. 

Researchers at the Technical University Darmstadt in Germany have made the soft polymer but have not yet put it under high pressure. The Darmstadt group “is still trying to synthesize [the polymer] without major impurities,” says Kroll.

The Cornell theorists “propose a rather clever approach to the synthesis of hard [beta-carbon nitride] solids,” says Yip-Wah Chung of Northwestern University in Evanston, Ill. “Of course, the proof is in the pudding,” he remarks. 

The method will work only if beta-carbon nitride is more stable under high pressure than other carbon-nitrogen structures. He also suggests combining this technique with others. For example, synthesizing the polymers on a template could guide the atoms into the desired structure. —C.W.

Applying a voltage to carbon nanotubes (blue, tape between them not shown) causes them to stretch. In a salt solution, sodium (red) and chlorine (yellow) ions collect on the tubes. Then, a higher voltage can be applied leading to more expansion.

