The Clock of the Long Now: Time and Responsibility—Stewart Brand. In response to what he calls our pathologically brief attention spans and shortsighted natures, Brand proffers a "myth and a mechanism": a very big, very slow "Clock of the Long Now." It would tick once a year, bong once a century, cuckoo once a millenium, and record 10,000 years of future time. The myth would represent "deep time." The mechanism, Stonehenge-like, would ideally be built in the American desert with a companion library. Brand floats his own ideas along with those of other members of the Long Now Foundation, including Daniel Hillis, Esther Dyson, and Kevin Kelly. Basic Bks, 1999, 190 p., hardcover, $22.00. 

Fragile Dominion: Complexity and the Commons—Simon Levin. Like global economies and a young child's ever-adjusting nervous system, biodiversity exemplifies what mathematicians refer to as a complex adaptive system. Able to self-replicate, organized without a blueprint, and competitive in nature, such systems are composed of diverse components that implement feedback loops in response to one another. Levin applies the concept of the complex adaptive system to the crisis of rapidly diminishing species and declining biological diversity. In doing so, he answers such questions as, What patterns exist in nature? How do ecosystems assemble themselves? How resilient are ecosystems? How much loss can they sustain before collapsing? It is Levin's opinion that this understanding could enable people to implement an effective plan of sustainability. They could thereby "harness the natural forces that organize the biosphere rather than fruitlessly try to resist them." Perseus Bks, 1999, 250 p., hardcover, $27.00.

Islands: Portraits of Miniature Worlds—Louise B. Young. Young tells the geological and ecological history of 14 "islands,"  ranging from frigid Iceland to the tropical Bahamas and from Earth ("an island in the universe") to Atlantis ("the enduring myth"). The variance in climates and isolation of these worlds has generated unique and exotic species of flora and fauna, which Young surveys. She also points out the unique problems faced by human and nonhuman island dwellers: Creatures such as the Komodo dragon are destructive, and inbreeding within species limited to small spaces can trigger extinction. Freeman, 1999, 296 p., b&w illus., hardcover, $23.95.

The New Astronomer: The Practical Guide to the Skills and Techniques of Skywatching—Carole Stott. Loaded with pictures and graphics of constellations, planets, nebulae, comets, and asteroids, this book lends itself well to instructing young astronomers and other novices. Succinct yet informative captions offer an abridged description of the field and make it more accessible. Maps for viewing planets through 2010 and a planisphere that shows the entire sky for any time of the night during any time of the year enhance this practical book. DK, 1999, color photos/illus., hardcover, $24.95. 

The Secret Family: Twenty-Four Hours Inside the Mysterious World of Our Minds and Bodies—David Bodanis. Beginning with the endorphin rush produced by morning sunlight, Bodanis explores the microscopic world in and around the bodies of a typical family on a random Saturday. This includes the physiology of a girl's first kiss and micro-photographic images of the multitude of mites lurking in pillows and mattresses. At once clever, gross, and engrossing, this tour views our intimate environment and its effect on our bodies and behavior among other things. Originally published in hardcover in 1997. Touchstone, 1999, 222 p., color/b&w photos, paperback,  $18.00. 

States of Mind: New Discoveries About How Our Brains Make Us Who We Are—Roberta Conlan, ed. Essays penned by eight pioneering brain scientists define emerging and controversial ideas within the field. J. Allan Hobson offers theories about why we dream. The director of the National Institute of Mental Health, Steven Hyman, considers the links between nurture and nature and addiction and mental illness. His coworker Esther Sternberg shares her findings from the study of the brain and disease. Personality and temperament are Jerome Kagan's topics. The impact of stress and fear on cognitive abilities concern Bruce McEwen and Joseph LeDoux, respectively. Kay Redman describes the connection between creativity and manic depression. Finally, Eric Kandel examines how biological events create long-term memories. Wiley, 1999, 214 p., b&w photos/illus., hardcover, $24.95.

Within Reason: Rationality and Human Behavior—Donald B. Calne. Neuroscientist Calne links current advances within his field to the philosophical pursuits of Plato and Socrates, among others, in comprehending reason. Arguing that reasoning is a biological pursuit, Calne shows how our brains provide us with our minds, which in turn allow us to create concepts of space, time, and causation. These thoughts, combined with memory, establish the faculty of reason. This product is limited by other biological factors, however. So-called gut reactions exemplify such constraints. Calne asserts, "We are motivated by instinctive urges and emotions linked to cultural forces—reason is their servant and not their master." He applies this notion to broad issues such as ethics, economics, and religion and considers how reason seemingly fails us at times. Pantheon, 1999, 332 p., hardcover, $26.00.

Letters

Skip the bioethics

It surprises and dismays me to read that TIGR scientists have halted research into the genome of Mycoplasma genitalium in order to refer a decision on whether to proceed to a group of bioethicists and religious scholars ("One small bacterial genome, to go," SN: 6/12/99, p. 377). Basic research into the nature of life on Earth-and especially that conducted through the use of material unrelated to the human genome-contains no ethical component whatsoever. Where would science be today if Copernicus, Darwin, Gamov, and Crick had sought permission from the religious ethicists of their time for permission to proceed with and to publish their studies?

William C. Atkinson

Weston, Mass.

The researchers have not stopped their studies of the genome. They've merely temporarily halted plans to use information drawn from their studies to create a new life-form.


-J. Travis

Disaster's consequences are good

The article "Natural-disaster policies need shaking up" (SN: 5/29/99, p. 341) correctly points out that weather forecasting and advance-warning systems may inadvertently encourage development in areas vulnerable to natural hazards. Traditional federal flood- control and shore-protection programs, disaster relief, and federally subsidized flood- insurance rates also often foster unwise growth. 

Fortunately, the Federal Emergency Management Agency (FEMA) is correcting this situation. Since the Great Flood of 1993, FEMA has successfully implemented voluntary property buyout programs to relocate more than 20,000 business and residential properties out of the floodplains. These buyouts signal an important shift toward proactive federal disaster prevention. Government agencies must build upon these and other efforts to discourage development in vulnerable natural areas and help restore them to their natural states.

Mark Van Putten

National Wildlife Federation

Vienna, Va.

Birds do or don't?

The article "Waterways carry antibiotic resistance" (SN: 6/5/99, p. 356) has a picture of a Canada goose with the caption "Wild birds harbor and may transmit drug resistance." What were you thinking? The text of the article in no way supports the picture and its caption.

The article does, however, state, "The most important source of environmental, antibiotic-resistant bacteria is domestic animals." The caption would be a harmless non sequitur except that it appears to gratuitously blame the victims of human-perpetrated pollution.

Jo Chamberlain

Lobitos Canyon, Calif.

There's nothing gratuitous about it. Those geese, as the story notes, are a reservoir of the resistant bacteria that were likely acquired from human or animal wastes. Once in rivers and in these mobile birds, however, the microbes can be spread throughout urban-suburban areas to infect other wildlife and humans far removed from the original source of the bacterial contamination.
    -J. Raloff

Invading Gobies Conquer Great Lakes

In April 1990, David J. Jude found a round goby in the St. Clair River outside Detroit. A biologist at the University of Michigan in Ann Arbor, he immediately recognized the threat of invasion signaled by the North American debut of this European fish. Almost immediately, as he had feared, the goby began nesting in the adjoining Lakes Huron and Erie. Last week, Canadian officials announced that the fish has reached Lake Ontario.

This latest sighting, in Canadian waters near the base of the St. Lawrence Seaway, confirms that the round goby (Neogobius melanostomus) now populates all five Great Lakes, marking a remarkable rate of dispersal. In many shore areas, it has become the dominant fish. 

Certainly, notes Ron Dermott of Canada's Department of Fisheries and Oceans in Burlington, Ontario, it "should be considered a permanent resident of the Great Lakes." 

The good news is that these tiny predators have a voracious appetite for zebra mussels, earlier invaders from the fish's home waters in and around the Black Sea. Like the mussels, this goby probably hitched across the Atlantic in the ballast water of some freighter. Unfortunately, gobies don't eat just zebra mussels. These bottom-dwelling fish will also devour eggs and fry of any fish sharing their habitat, which include smallmouth bass, walleye, and perch.

Usually much smaller than a smelt, gobies aggressively defend their turf-generally rocky shoals or gravel. Males, which build and guard their nests, appear to fear little, Dermott says, and they will tenaciously "drive off fish twice their size."

In several areas, this goby has already extirpated the mottled sculpin (Cottus bairdi), a Great Lakes native that it resembles in size, shape, and habitat, Jude notes. The aggressive goby simply claimed the sculpin's food, took over its nesting areas, and ate sculpin young. 

The mushrooming population of zebra mussels throughout the Great Lakes has fostered the goby's expansion, Jude says. These mussels "are a dead end ecologically," he notes, because "there's almost nothing eating them." Whatever nutrients the mussels consumed became locked away from the rest of the ecosystem-until the gobies arrived.

With sharp biting teeth up front and shell-crushing molars in the back of their throats, gobies "were really designed to eat mussels," Jude observes. Upon entering the Great Lakes, they found a virtually untouched mussel banquet. 

Research by Gerald R. Smith at Michigan determined that a single goby can down five or more mussels per hour. However, Jude asserts, "there's no way gobies will ever control them, because they miss zebra mussels too big to eat, and those continue to spawn."

Would-be goby predators have had a tough learning curve, Jude's studies indicate, because the 5-inch-long invaders behave in ways "none of our native fish ever do," he says. They jerk, scoot, then stop, only to shoot out unexpectedly in another direction. Other times, he notes, gobies dive under the gravel and vanish. Jude has watched hungry bass become flummoxed by the gobies' seemingly erratic activity.

However, the predatory fish seem to be wising up. Increasingly, anglers are catching game fish that have stomachs full of gobies-suggesting these larger fish may begin reining in the gobies' territorial dominance.

Yet that fuels another concern. Mussels pick up and store toxic pollutants from the water. Mussel-eating gobies will pass those toxicants on to the fish that prey on gobies, which can then transfer the poisons further up the food chain-potentially into people. "Right now, we're investigating how much of a [human] problem this will become," Jude says.

Aside from a public-information campaign, in Canada "there is no control strategy under consideration," Dermott says. Indeed, once a nonnative species is established, eliminating it becomes almost impossible, argues John Mills, Environment Canada's regional director-general in Toronto. "Our management approach, then, is to attempt to limit its spread," he told Science News.

Government officials in Canada and the United States have launched campaigns to help boaters and anglers recognize the goby and prevent its transfer to new waters. In particular, Dermott emphasized, gobies should never be used as bait, transported live, or even returned to the waters from which they were caught. 

The campaign may help limit the fish's migration to inland lakes in Canada, but U.S. officials face a tougher threat outside Chicago. Roughly a century ago, the Chicago and Calumet River systems were engineered to flow from Lake Michigan toward the Mississippi River. Federal monitoring data now confirm that both lake outlets have developed resident populations of round gobies.

The concern, explains Mark Steingraeber of the U.S. Fish and Wildlife Service (F&WS) in La Crosse, Wis., is that if the goby reaches the Mississippi River, it will have largely unimpeded access to waterways throughout most of the central United States, as the zebra mussel does. By last month, he notes, "the round goby had moved inland some 30 miles [via these river systems] into the Mississippi River basin." That's almost a tenth of the way to the Mississippi.

Hoping to halt, or at least slow, the gobies' advance, F&WS scientists in Ann Arbor, Mich., have been working on a new electric barrier for installation, probably next year, further down the gobies' path to the Mississippi.

Explains Melissa Kostich, who is working on the project, the intent is to install electrodes into the cement wall of a narrow channel to impart an irritating 4-volt current in the water throughout a span several yards long. Though similar devices already deter salmon from moving upstream in some areas, this one must deter downstream movement. The critical difference: If the electricity stuns a fish, it will continue to float downstream-an unacceptable outcome. The current also must not harm other water life or people.

In Michigan field tests of a goby-laden river, a small version of the device deterred "almost 100 percent" of the gobies. The goal, Kostich says, is to install this barrier as part of an integrated series of deterrents, perhaps including annoying sound and an irritating curtain of bubbles. 
-J. Raloff

Round head of the pugnacious goby.

Round goby has distinguishing pelvic fin (lower arrow). Other fish have two separate fins in place of a goby's single fused fin (arrow) on underside of fish (right).

Tropical fruits linked to parkinsonism

In the tropics, unusual illnesses resembling Parkinson's disease have baffled researchers for decades. One ailment, called Guam syndrome, causes neurological problems on that Pacific island. Scientists have suspected that eating a local food, such as a sago palm, might cause the condition, but the link hasn't been proved. To confuse matters, the disease has abated in recent years, perhaps because Western foods have replaced traditional fare. 

Although Guam syndrome remains a mystery, a study in the July 24 Lancet from the Caribbean island of Guadeloupe suggests that three commonly eaten tropical fruits-soursop, custard apple, and pomme cannelle-and teas made from these plants may cause other Parkinson's-like diseases.

These conditions, called atypical Parkinson's and progressive supranuclear palsy (PSP), can mimic the muscle rigidity, tremors, slowness of movement, and poor balance of classical Parkinson's. They are more difficult to treat, however, because they don't respond to the drug levodopa, the best weapon against Parkinson's disease.

Unlike the classical disease, atypical Parkinson's and PSP affect both sides of the body equally. Moreover, they can cause incontinence, posture problems, slurred speech, and loss of eyelid control. Neurologist Dominique Caparros-Lefebvre noticed these symptoms in elderly patients while working at the Centre Hospitalier Universitaire des Antilles et de la Guyane in Guadeloupe. The observation prompted her to investigate what these patients had been eating.

Many patients mentioned the three fruits or tea made from them. All three belong to Annonaceae, a family of plants that harbor benzyltetrahydroisoquinoline alkaloids. Studies in animals indicate that these compounds are neurotoxins.

Caparros-Lefebvre examined 87 people, average age 65, who had been diagnosed with parkinsonism and compared their eating and drinking habits with those of 65 healthy adults. 

Only 22 of the patients had classical Parkinson's disease; the other three-fourths of the group had atypical Parkinson's or PSP. Among European and North American patients, these proportions are reversed, says study coauthor Alexis Elbaz of SalpˆtriŠre Hospital in Paris.

Of 31 patients with PSP, a mild paralysis that causes trunk and neck rigidity, 29 had eaten the fruits and 26 had drunk the teas regularly for at least 2 years. Of 34 patients who had atypical Parkinson's, all had eaten the fruits regularly and 28 had consistently drunk the teas.

In contrast, only 13 of 22 people with classical Parkinson's disease had eaten the fruits regularly and only 4 had drunk the teas. Similarly, among the 65 healthy participants, only 39 ate the fruits and 28 drank the teas.

When patients were asked to stop consuming the fruits and tea, many saw their conditions stabilize. Symptoms even abated in a few patients. 

"This is extremely interesting," says neurologist Herman J. Weinreb of New York University. "It's another piece of evidence that parkinsonism is related to toxins in the environment."

Although many people eat these fruits, the neurological problems don't usually start until people are in their 60s,        says Caparros-Lefebvre. 

Younger people might more efficiently metabolize and excrete any neurotoxins present in these foods, says Paul A. Rosenberg, a neurologist at Children's Hospital and Harvard Medical School in Boston. Or it might simply take a long time for the body to ingest enough toxins to accumulate dangerous concentrations, Elbaz says. Also, the number of brain cells declines with age, leaving older people more vulnerable to neurotoxins.

The study authors caution that their work is preliminary and so it's too early to suggest that people change their diet. Another study is planned that will account for other lifestyle variables, Caparros-Lefebvre says.               -N. Seppa

Craggy border corrals waves on tiny drum

Start with a square loop of metal the size of a fingernail. Fashion two of its sides into a rugged coastline of bays and promontories. Finally, stretch a membrane of liquid-crystal molecules across the jagged rim to make a tiny drum.

Voil…! This strange-looking instrument is called a fractal drum. Theory says it should vibrate in some places but not in others.

Catherine Even of Universit‚ Paris-Sud in Orsay, France, and her colleagues have made such a drum. In the July 26 Physical Review Letters, they confirm that, at certain frequencies, its vibrations become confined, or localized. Some trapping, however, takes place in an unexpected way, they report.

 "It's a classically simple experiment, a very beautiful experiment," comments Benoit B. Mandelbrot of Yale University. In the 1970s, he pioneered studies of patterns known as fractals (SN: 3/1/97, p. S13).

Fractals are convoluted, toothed shapes that unfold in endless layers of similar detail upon close examination. Many natural phenomena, from coastlines to clouds to the branching airways in lungs, exhibit this nested complexity.

Fractal geometry furnished a precise mathematical way of describing irregular boundaries. Some researchers have elaborated on that description, investigating how a membrane fitted to such a boundary would behave. Vibrations of fractal drums share similarities with wave patterns of confined light, sound, and quantum particles (SN: 9/17/94, p. 184).

"Localization is usually an abstract notion," says Bernard Sapoval of the �cole Polytechnique in Palaiseau, France, who pioneered fractal-drum experiments and also led the new study. "Here, you can see it with your eyes." 

The experimenters saw, as expected, that long-wavelength oscillations were barred from narrow promontories of the drumhead because of the physical mismatch. However, the scientists were caught off guard by observations that, at some short wavelengths, vibrations were trapped on those promontories despite plenty of room to escape.

 Imagine, Sapoval says, ringing a bell in a room with the door open but finding that the sound can't be heard just outside because it won't travel there. "Is that not a surprise?" he asks.

What's more, he adds, no one had seen the localization of both long and short wavelengths together before. 

Convinced of wide implications to the study, Raymond L. Orbach of the University of California, Riverside calls it "just the beginning of an attempt to understand the nature of communication between regions weakly connected in nature." 

By investigating how irregular borders shape wave patterns, researchers may discover why seacoasts become craggy and how walls in concert halls and echoless chambers affect sound, Sapoval says. Fractal drum studies might also shed light on heat flow in glasses and the localization of electrons in semiconductor structures known as quantum dots.

Richard P. Wool of the University of Delaware in Newark predicts that the study's finding of "fractal harbors" will have a major impact on the understanding of materials without regular crystal structure. "This is a fundamental cornerstone of a whole new way of looking at things," he says.                            -P. Weiss 

Instead of resonating across its whole surface like an ordinary drum, a fractal drum traps short-wavelength vibrations in irregularly bounded zones during a simulation (left) and experiment (right). Black and white denote peaks and valleys of a contour revealed by laser reflections.

ESP findings send controversial message

Psychologists who study telepathy rejoiced when a 1994 study in a major scientific journal supported the existence of extrasensory perception (ESP), also known as psi. Now, an analysis of other studies using the same rigorous technique as in the earlier work suggests that the celebration may have been premature.

Both believers and skeptics agree that the most stringent method for studying psi is the one dubbed the ganzfeld (German for whole field) procedure. In this technique, researchers remove sensory distractions with the aim of promoting telepathic communication between subjects, called senders and receivers.

In ganzfeld studies, a receiver who's unaware of participating in a psi experiment describes his or her thoughts for 30 minutes. In a separate room, a sender who can hear the receiver views a video or still photo. The sender tries to telepathically coach the receiver into imagining the same scene. Afterwards, the receiver chooses from a set of four images the one that most closely resembles his or her earlier thoughts.

In 1994, psychologist Daryl J. Bem of Cornell University and his colleague, the late Charles Honorton of the University of Edinburgh in Scotland, described surprising results from Honorton's series of 11 ganzfeld experiments. They found that more often than could be explained by chance, receivers chose the image that matched the one seen by senders (SN: 1/29/94, p. 68). 

Now, psychologists Julie Milton of the University of Edinburgh and Richard Wiseman of the University of Hertfordshire in Hatfield, England, have pooled the results of 30 ganzfeld experiments using a statistical method called metanalysis. In the July Psychological Bulletin, the same journal in which Bem and Honorton presented their results, the researchers report that their analysis shows no consistent evidence for psi.

"Although the new studies failed to replicate the effects of earlier studies, it is not clear why they did so," Milton says. 

"This has been the history of parapsychology for about 150 years," remarks psychologist Ray Hyman of the University of Oregon in Eugene. "Procedures look good at the beginning, and then they fizzle out. Whether or not this is different is hard to say, but this metanalysis suggests that on the average it doesn't look like there's much going on."

The metanalysis has generated heated discussion among psychologists. Some argue that Milton and Wiseman were unjustified in lumping all 30 studies together because their results were so disparate. Milton contends that a standard statistical test of variation among the results showed that they could treat the studies as a uniform set.

Bem says, however, "The reason the effect isn't significant is that there are three studies that are pulling down the average, and those studies are very nonstandard." Further, 6 of the 30 studies showed significant psi effects-more than would be expected by chance, he adds. 

Since the metanalysis was completed, nine more ganzfeld studies have been published. Milton acknowledges that the psi effect would be statistically significant if the analysis were updated to include these studies. However, she observes, a single study had an especially strong result, but no clear-cut effect spans the broad range of investigations. "That will be a crucial thing to demonstrate in order to make a strong claim that the studies show a genuine anomaly," she says.

"My hope is that some of the proponents of the ganzfeld procedure will try to use [the new report] as a springboard to develop something replicable," says psychologist Scott O. Lilienfeld of Emory University in Atlanta. "The ball is now in their court."                                        -S. Carpenter

Experiments remove sensory interference to investigate telepathic communication.

Gene-altered wood may yield more paper

It's not pulp fiction. Wood harvested from genetically engineered trees might make paper and some fuels easier and less costly to produce.

A team of researchers has genetically engineered aspens to reduce their content of lignin, a tough polymer that glues together the cells in trees and that the papermaking process must chemically extract. What's more, the engineered trees actually grow faster and have a higher proportion of cellulose, the raw material for paper, than normal aspens do. 

Vincent L. Chiang of the Michigan Technological University in Houghton and his colleagues targeted a gene that the aspen uses in lignin biosynthesis. By blocking this gene with so-called antisense molecules (SN: 2/16/91,       p. 108), the researchers cut lignin production in half. 

The paper industry "spends a lot of time thinking about sustainability," says Kenneth Munson, director of forest research and biotechnology at the International Paper Co. in Dallas. "Anything that can be done to make lignin easier to extract or to have less of it to extract will have some very important implications" by lowering energy costs and the amount of chemicals used.

Other groups have successfully reduced the lignin content of tobacco and the much-studied laboratory plant Arabidopsis, but those attempts softened the cell walls and stunted the growth of the plants. 

In the current study on aspens, a       15 percent increase in cellulose accompanied the drop in lignin, providing enough plant material to maintain the trees' structural integrity. The ratio of cellulose to lignin in the genetically engineered aspens is twice the ratio in the normal tree. Chiang and his colleagues describe their work in the August Nature Biotechnology.

The shift from lignin to cellulose production is not unexpected, says Tom Jeffries, director of the Department of Agriculture Forest Service's Forest Products Laboratory in Madison, Wis. However, "the most shocking thing was the sustained growth of the plants," he adds. "The [engineered] plants were a good 25 to 30 percent taller." Chiang speculates that blocking the lignin gene changes other compounds that stimulate growth of the tree. 

Cutting the lignin content of trees could also make it more practical to produce ethanol and other biofuels from wood, says Jeffries. Oil companies add ethanol, usually fermented from corn, to gasoline to help it burn cleanly.

Chiang says he chose aspens to study because they grow fast and are popular in the Great Lakes region for wood pulping. He and his colleagues are now testing their methods in trees used worldwide, such as eucalyptus.             -C. Wu

Aspens engineered to produce less lignin dwarf their normal counterpart (far left). Ruler shows 25 centimeters. 

Attractive tree ISO lemur to start a family

A much discussed, rarely demonstrated kind of relationship between plants and animals has turned up between certain trees and the lemurs of Madagascar, report German researchers.

Twenty tree species in the island's dry forests depend largely on lemurs to eat their fruit and disperse their seeds, according to J”rg U. Ganzhorn of the Institute of Zoology in Hamburg and his colleagues. In the August Conservation Biology, they warn that the new generation of these dependent species looks sparse in forest fragments where lemurs are disappearing.

Conservationists have fretted for years about the possibility that the loss of fruit-eating animals could wipe out the plant species that they disperse. Fruit that plops to the ground under maternal branches rarely gets a good start in life. It faces such menaces as deep shade and seed-damaging grazers that know where to find a good thing. Seeds in fruit eaten by the right animal, however, can hitchhike in its gut to more promising spots.

Demonstrating ecological effects of fruit eaters has been difficult, Ganzhorn explains, because so many diets overlap. In parts of Africa, a fruit that doesn't get gobbled by monkeys could still be spread by antelopes, bats, birds, or elephants. Some New World floodplain trees even get dispersed by fish.

Also, a tree can live so long that ephemeral creatures like people might not notice that the loss of seed dispersers is changing a forest. "It looks all bright and sunny," Ganzhorn says, yet the nonreproducing trees are just "living dead."

One famous proposed example of a disperser affecting a plant turns out to be less than clear, Ganzhorn notes. In the 1970s, scientists reported that no new generation of Calvaria trees had sprouted in Mauritius in the last couple of centuries. They speculated that without the dodo, the tree seeds no longer germinate. More recent work, however, has located some postdodo saplings.

Madagascar appears to be the perfect place to look for a new example of disperser dependence because the island has few fruit-eating mammals and birds, Ganzhorn notes. He has watched animals and collected droppings year-round. Lemurs seem to be major dispersers, especially the brown lemur. With the possible exception of the bush pig, it was the only animal that eats and disperses seeds greater than 11 millimeters long.

Madagascar's booming human population is wiping out wild habitat. The researchers compared sapling numbers at plots in extended forests with plots in forest fragments where much of the largest wildlife had disappeared. In the fragments without the brown lemur, many fewer saplings of the 20 tree species dependent on lemurs were sprouting than in the larger areas. Saplings from trees dispersed by other animals thrived in both locations.

"It's the first place we've been able to make the connection," Ganzhorn says.

Kent H. Redford of the Wildlife Conservation Society in New York welcomes the study as "amongst the best we've got" on disperser dependence. For a bulletproof case, Redford would require studies that add and remove animals from plots. He says that he also wants to know more about other forest interactions, such as what rodents and ants do to the seeds that lemurs leave behind.

Despite his questions, Redford finds value in correlational studies such as this one. "There's a tension between our work as scientists and our work as conservationists," he says. "If we wait for proof that convinces us as scientists, the chances are there will be no work for us as conservationists."                   -S. Milius

Brown lemurs feed on fruits of a Strychnos tree in western Madagascar. 

Tiny earthquakes hint at larger shocks

By recording thousands of puny earthquakes, a pair of seismologists has discovered a way to track the subtle mood swings of California's San Andreas fault. The technique may provide some warning when tensions along the infamous quake-maker reach the breaking point.

The study, reported in the July 30 Science, looked at 6,000 small earthquakes recorded near Parkfield, Calif., about halfway between San Francisco and Los Angeles. The segment of the San Andreas running through Parkfield has become one of the best-studied faults in the world because it appears to snap regularly every few decades, producing strong earthquakes.

In the late 1980s, Thomas V. McEvilly of the University of California, Berkeley and his colleagues installed seismometers at the bottoms of deep boreholes, 250 meters below the ground at Parkfield. This network of 10 instruments records quakes as small as magnitude -1, far too weak for people to feel. 

Robert M. Nadeau and McEvilly discovered that many spots along the San Andreas produce characteristic microquakes months to years apart. By measuring the time between these carbon-copy quakes, the two researchers could detect surges of underground stress. "We're using these sequences of repeating earthquakes like instruments, essentially like strainmeters on the fault," says Nadeau. 

Geophysicists have outfitted the San Andreas near Parkfield with several types of surface instruments that can monitor stress along the fault and the movement of rocks on either side of the fracture. The microquakes, however, provide a direct look at the kinds of changes going on deep underground. Taken together, the information from surface instruments and boreholes offers a more complete picture of the fault's behavior, say Nadeau and McEvilly. 

Using the pattern of repeating quakes, the scientists deduced that a pulse of stress had migrated from the northwest to the southeast along the Parkfield stretch of the San Andreas fault starting in the late 1980s. The passage of this pulse preceded and overlapped a series of four moderate earthquakes between 1992 and 1994.

Nadeau and McEvilly surmise that the fault may display similar behavior before a major quake at Parkfield. The city has suffered five strong shakes since 1881, and seismologists in 1985 predicted that another one would happen by 1993 (SN: 7/5/97, p. 8). The expected jolt did not strike, but researchers continue to collect data in hopes of capturing any warning signals when it does happen. 

The microquake technique could have uses elsewhere. A network of 20 borehole seismometers has already enabled Nadeau and McEvilly to detect repeating sequences of quakes along the Hayward fault, which runs along the east side of San Francisco Bay. "I could envision putting these [borehole seismometers] along any fault that has a seismic hazard potential," says Nadeau.

He and others caution, however, that nobody yet knows what kinds of deep signals will precede a large quake.

William L. Ellsworth of the U.S. Geological Survey in Menlo Park, Calif., has doubts about applying this technique elsewhere. Parkfield, he says, is a unique place, where the San Andreas produces many similar tremors. "It's hard to turn the results from Parkfield into a general method for looking at faults," he says.             -R. Monastersky

Take Me out to the World Series . . . of Birding

A brutal test of brains, endurance, and the ability to make funny noises

By SUSAN MILIUS

May 7, World Series minus 8 days and counting: Oh, for heaven's sake. I'm not threatening to kick down the locker room door and interview anybody naked. I do admit to trying to set up interviews with a World Series team, but we're talking about the World Series of Birding.

I'm negotiating by phone with John Fitzpatrick, director of the Cornell Laboratory of Ornithology. A scrub jay and flycatcher specialist, and the discoverer of several South American bird species, he's a key player on that World Series powerhouse the Sapsuckers. In a week plus a few hours, Fitzpatrick and four lab colleagues will match wits with 57 other teams in the oldest and most famous birding contest, sponsored by the New Jersey Audubon Society.

 In its 16th year, the event has evolved a variety of subcategories, but the Sapsuckers are going for the main event, the one that offers a silver cup big enough to float a duck. To win, a team has to identify the most species within a specific 24 hours in New Jersey.

New Jersey?

Absolutely, Fitzpatrick says. The Atlantic Flyway, the path that millions of birds take northward from their winter homes to summer breeding habitat, sweeps up through the Garden State. I see that the spring migration brings avian rush-hour traffic in the skies, so what better place to watch it than New Jersey?

As I explain how I want to follow an all-scientist team in this event, I'm struck by the undercurrent in Fitzpatrick's usual easy charm with the press. Today he's still charming, but there's the sound of handling-a-situation, as if I've said something really shocking.

Indeed I have, but I won't realize this for a week. What I've done, in my na—vet‚, is ask if I can ride in the Sapsucker van.

After all, in the 1992 World Series, a writer for the Wall Street Journal rode with the Northern Beardless Tyrannulets. Marie Winn was able to give a first-hand account of such key events as the finding of a mourning warbler, even though she did have to take a bus home from the finish line when the team wanted to keep on birding.

    The event may drive birders delirious with pleasure, but it's murder for avian-sports reporters. Each team picks its own starting point, anywhere in the state. There is one finish line, thank goodness, but teams reach it by any path they choose, zigzagging along routes they revise at the chip of a sparrow. 

Although a speeding ticket knocks a team out of the contest, the event retains a road-race zest. Since all top contestants can recognize hundreds of species in the dark a quarter mile away, the amount of territory covered can be decisive. 

The driving abnormalities of birders in general-sudden swerves and slow-downs, exotic lane changes and pullovers-multiply as tension builds. Even if a reporter in a chase car could manage not to lose a team's van or die backing down an exit ramp, there's the risk that the reporter's vehicle screeching to a halt could scare away a bird. In which case, a reporter could come to an untimely end after an attack with a spotting scope.

In retrospect, I recognize that Fitzpatrick reacted with amazing calm and generosity. We do not discuss how the reporter-laden Tyrannulets came in 20th, whereas the Sapsuckers ranked first among out-of-state teams last year and this year are serious contenders to float their ducks in that big silver trophy.

Fitzpatrick explains that much more than Sapsucker honor is at stake. Cornell lab supporters have pledged about $550 per species that the team finds, and he hopes to log more than 210. The time for one more person to clamber in and out of the van, the extra chance noises that might drown out a distant trill, the distractions of dealing with a stranger-he puts it delicately, but in essence, an extra person might cost his team a bird.

Nevertheless, Fitzpatrick offers to confide the team's beginning location so I can at least watch the World Series start. 

WS minus 3 days: Is this for real? I might as well be searching for Jimmy Hoffa. The tentative information I have is that the Sapsuckers will meet me Friday night in the Great Swamp of New Jersey.  At midnight. 

WS minus 4 hours: Fitzpatrick has phoned with a reassuringly normal-sounding dinner invitation from two of his lab's board members, JoAnn Little and Randy Little. When I reach their home near Basking Ridge, N.J., a map of the state drapes the kitchen table, and five already sleep-deprived Sapsuckers surround it. Team captain Ken Rosenberg, grassland bird specialist Jeff Wells, and crow expert Kevin McGowan have finished reports on long days of scouting missions, and neurobiologist Steve Kelling is strategizing the attack on South Jersey. This table, where they plan the route, could be where they win or lose.

Fitzpatrick writes a tidy schedule on a legal pad. To reach the kind of numbers they want, they have to average finding a bird about every 7 minutes, and some stops are allotted only 30 seconds.

As the schedule marches down the fifth page, JoAnn Little calls the team to a steak-chicken-pasta feast. In 1997, before she became Sapsucker chef, McGowan consumed a deli sub around     3 a.m. The team still talks about that sub since McGowan developed food poisoning in the van during the contest. Of course, he didn't drop out, and he credits plastic bags with saving the team a lot of unscheduled roadside stops.

A mild uproar breaks out when I ask what keeps people from adding a few extra warblers here and there. Birding honor remains strict, they say, and cheating isn't as easy as it may sound. The teams become acutely aware of bird whereabouts, so anomalies stand out. Also, this year, each team can report only one bird that its members alone find. 

What also ruffles the Sapsuckers' feathers, although they don't call it outright cheating, is another team's legendary response to the speeding-ticket ban. A certain group (Fitzpatrick goes ostentatiously vague about its name) one year took along a state trooper to drive. "They won't give tickets to one of their own," Wells explains, as the dining room electrifies with outrage. 

Several years ago, a siren and flashing lights interrupted the Sapsuckers en route. Deep in ornithological debate, they'd forgotten to keep an eye on the speedometer. The trooper eyed the van, asked if they were with the World Series of Birding, and then said, "Got a bald eagle yet? There's one down that way. . . ."

The Sapsuckers thanked him for his directions and then faced the dilemma that the eagle, which they could have used, seemed too far away. Yet ignoring a trooper's tip posed its own risks. The team continued driving its planned route, but very carefully.

WS minus 20 minutes: Thanks to logistic difficulties-involving permits and gate keys-and Sapsucker big-heartedness, I am riding in the van for the start of the contest. My original request, I see now, was no more shocking than asking NASA if I could just sit quietly in the capsule and watch the guys land on the moon.

The van has more room than the Apollo cockpit, but not much. More dire is the issue of psychic space. This is not your average bird walk, and these are not well-rested people. I can see that in a few more hypertense hours, the Sapsuckers will face a danger of spontaneous combustion.

McGowan starts a scramble among the gear when he mentions that somewhere he has packed a Cornell cassette of nocturnal calls to play in the van. Many migrants fly at night, and their flight calls often do not resemble the sounds the average birder recognizes on the ground.

The search stops when Kelling points out that they all know the tape by heart, anyway. "Imagine you're standing outside on a warm summer night. . . . ," an oily, mock-announcer voice from the back seat mimics the tape's introduction. A surprisingly realistic Canada goose honks next to my ear, and then the van fills with imitations of whickers, gaacks, tickitys, trills, whistles, clacks, hoots-the whole avian world simultaneously and on fast forward. Fortunately, we do not meet a state trooper.

WS minus 5 minutes: The Sapsuckers have taken their first position in the swamp. Standing on what I hope is solid ground, I see them as dim gray shapes just ahead of me. On either side, the swamp drops into blackness. It's chilly.

Even though it's almost midnight, team members wear their binoculars, all from their Austrian sponsor Swarovski Optik. It's not just habit. McGowan hands me his to try, and I'm surprised to see images a little brighter than they appear with the naked eye. 

"Virginia rail," Kelling says suddenly, though the team can't count any birds that they hear before midnight.

The Sapsuckers orient in one direction and grow still again. I realize I won't be able to take notes because the felt-tip pen makes too much noise.

A Canada goose, a real one, honks, then honks, then honks some more. The team shifts with disgust. 

There's a distant hoo-ing-"who cooks for yoouu" is the traditional birders' mnemonic-and several voices call out,  "Barred owl." Then, there's a collective, clipped "Ah." The rail has apparently called again. 

I haven't heard a thing that could be a rail during these last few minutes. Or have I? The team falls into listening stillness again, and I wonder if that little . . . No, that's faraway traffic. And that's the wretched goose. And that . . . could that be a bird? Or the call of my own pulse? 

A sudden, multibarreled burping, nearby and thunderous after all the strained listening, nearly launches me into the swamp. I hear Fitzpatrick, in a mockery of the birders' ID call, announce, "Green frog."

May 15, WS 12:02 a.m.: "Barred owl."

Good. Fitzpatrick has been lobbying for the honor of first bird not to go to that goose. Which honks almost immediately afterwards and ranks as second bird.

The rail calls again, apparently. I'm awed at how the Sapsuckers pick out birds from the faint rustles, hums, and creaks of the swamp at night.

After a sora rail and a marsh wren call, we move. By some long-established team consensus, Rosenberg is the one to imitate king rails. We fall silent. He steps forward, pauses, then makes several breathy grunts.

Later, listening to a bird-call tape, I realize just how good Rosenberg's imitation was. Couldn't mimickry confuse birders nearby, I ask him after the event. "We know for a fact that we've been counted by other teams" in other years, he says.

Still, good ears can tell. Rosenberg remembers one maddening night when rails weren't responding to his best efforts. In an overcaffeinated meltdown, he burst into his imitation of a South American bird. From the darkness, a voice called, "Ken Rosenberg? Is that you?"  The other birder hadn't seen Rosenberg for several years but recognized the call.

As well as imitating calls, the team sometimes claps and then freezes to see if birds reply. At one point, Rosenberg pelts the swamp with pebbles. Sometimes the tactics work.

The team finds more than a dozen species in the swamp, including a great horned owl, a yellow-breasted chat, and the only black-billed cuckoo they encounter during the contest, this one recognized by its flight call.

The team also finds other contestants and at one point gets stuck in a three-van gridlock on a narrow, overgrown lane.

WS 1:42 a.m.: The Sapsuckers are in high spirits as the van jounces out of the swamp. They drop me at my car, wave, and head north. The roadside suddenly seems so quiet I wonder if I've dreamed it all. 

WS 4 a.m.: After an intense survey of several miles of route 22, I find the motel where I'd made reservations. Then I spend a couple of hours trying to read myself to sleep, but Peterson's Field Guide proves too stimulating. I give up and start driving south to see how the teams are doing.

WS 11:30 p.m.: I've seen a lot of entertaining birds and people during the day, but no Sapsuckers of either sort. Here at the finish line, at Cape May Lighthouse, two rooms fill with giddy teams of birders bug-eyed with fatigue.

This year's World Series includes two teams named Orioles plus teams called the Lyric Cassowaries, the Wandering Tattlers, Wild Bird Center of America Re-Tailed Hawks, the Not Too Swifts, the Wrending Talons, and the Green Mountain Goatsuckers. 

WS 11:50 p.m.: The last teams are crowding in now. I see no Sapsuckers. I do find John Sterling of the Smithsonian's Woodpeckers, sponsored by Bushnell Sports Optics. He looks glazed but says his team has broken 200 species for the first time. 

WS 11:59 p.m.: Still no Sapsuckers.

WS midnight: At last. In the mob, I spot familiar caps and heads. Wells, Kelling, and McGowan are standing in a shell-shocked clump. They say they nearly ran out of gas but made it to the only service station still open in Cape May. They reached the lighthouse without a second to spare. 

They've had a roller-coaster day.  By     9 a.m., they had 137 species, more than their wildest hopes. Then, they got stuck in beach traffic on I-80, losing 40 minutes.

Remembering their 30-second stops, I dread to think about the mood in the van. "Morale was low," Kelling understates.

Fearing they'd blown the best lead they'd ever had, they soldiered on, and by 5:30 p.m., they'd tied their previous record of 204 species. They heard their last new species, a yellow rail, one of the rarest birds in New Jersey, about 9 p.m.

And their score? "220," says Kelling.

I'm about to whoop, when Kelling explains that the Delaware Valley Ornithological Club of New Jersey beat them by three birds. While the Sapsuckers fumed in traffic, the home team had chosen back roads in north Jersey, logging three grassland species the Sapsuckers never picked up. 

The Sapsuckers again win the trophy for the best out-of-state team, but they're still eyeing the top prize. Next year, they'll be back at the kitchen table. 
n
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Cornell Sapsuckers (left to right, front) Ken Rosenberg, Jeff Wells, (back) Steve Kelling, Kevin McGowan, and John Fitzpatrick prepare to spend a tough day in New Jersey to defend their trophy and to raise funds for surveys of cerulean and golden-winged warblers.

Cerulean warbler

Barred owl

Birding for science

The energy that birders, both amateur and academic, bring to their pursuit could easily power a medium-sized city, once a few technical details get ironed out. In the meantime, ornithologists are exploring how to harness this zest to collect data over a range far beyond the ken of a single research team. Says Jeff Wells of Cornell University and a member of its birding team, "It's a new era of citizen science."

Among the projects in which scientists have used data gathered by volunteers:

_A survey of more than 2,000 sites suggests that tanagers in mid-Atlantic states and the Midwest are more sensitive to the fragmentation of forests than birds in the more heavily wooded Northeast. The data were reported in the June Conservation Biology.

_A new analysis of the volunteer Breeding Bird Survey estimates the impact of forest fragmentation, according to a presentation in June at the 1999 meeting of the Society for Conservation Biology.

_Papers in several publications, including the April 1998 Journal of Wildlife Diseases, are tracking the spread and impact of a house finch disease.                                          -S.M.

Scarlet tanager

Beyond Virtual Vaccinations

Developing a digital immune system in bits and bytes

By DAMARIS CHRISTENSEN

The fear of new, dangerous viruses sweeping through an unprotected population is not limited to public health officials. Computer researchers have long worried because typical virus-scanning computer programs-which essentially vaccinate machines against known viruses-become outdated as newly created viruses spread over the Internet. 

Just as researchers turned to biology in applying the name virus to the pesky programs that could make computers sick, several groups have turned to biology for a new model of how to protect computers against unknown viruses. They are focusing on the human immune system.

These computer scientists hope to develop a digital system that, like the immune system, can quickly recognize and fight off known infections, identify new intruders and learn how to deter them, and remember all previously encountered pathogens. Such a system also needs to be safe, reliable, and secure.

A computer virus released in March aptly demonstrated the need for more-effective ways of fighting off computer viruses. Although warnings about the Melissa virus went out soon after it was identified, it spread as quickly as the alarms (SN: 5/8/99, p. 303). Within just a few days, the virus had circled the globe, sending countless unwanted E-mail messages across the Internet and clogging E-mail service at hundreds of organizations,  forcing them to shut off their Internet connections. 

Although Melissa-the first virus to mail itself around the world-merely clogged E-mail systems, virus makers have already launched spin-offs of the virus designed to destroy data. 

The risk of computer infections rises as more information is exchanged through E-mail or over the Internet. Likewise, the potential damage that viruses can create multiplies as people send sensitive personal and corporate data over the Internet. Computer security experts also warn that the avenues for viruses to spread multiply dramatically as computers use software that's integrated so that one program can launch another. 

"There used to be plenty of time to analyze a virus before it spread, but Internet-borne viruses can spread around the world in hours or days," says Steve R. White of IBM's Thomas J. Watson Research Center in Yorktown Heights, N.Y. "In a world where things can travel this quickly and do this much damage, we have to have automated ways of dealing with them. It is silly to think that we can protect against these viruses manually."

Computer viruses got their name from what White calls "an obvious but deep biological analogy." Like biological viruses, the computer versions replicate by attaching themselves to a host (a computer program rather than a human cell) and then co-opting the host's resources to make copies of themselves. Infection can lead to death: The computer crashes and all program information is irretrievably lost. Infection can also lead to sickness when the virus does not destroy any data but spreads and slows programs and communications. Even seemingly innocuous viruses may taint files and make the computer more likely to crash-like a long-lasting, low-grade infection.

Companies spend several hundred million dollars annually on antivirus products and services, and they lose even more in downtime when they need to take their systems off-line to prevent viral infections from spreading. 

Because antivirus programs can only identify the viruses they already know, they aren't effective against the 10 to 15 new viruses created every day. Worst of all, says White, "many users of antivirus software blissfully continue to use antivirus software that is more than a year out of date."

Aside from frequent updates, there are few ways of strengthening this system. Some antivirus programs can monitor a computer system for viruslike behavior, such as making a file bigger without adding new data, but such systems are prone to false alarms and virus makers can take steps to evade such detection systems.

In the early 1990s, White and his colleagues at IBM dreamed of a digital immune system for computers (SN: 7/23/94, p. 63). For a model, they looked to the human immune system, which is constantly bombarded by infectious agents it has never before encountered and yet to which it generally responds quickly. 

Computer virus makers often reuse key parts of existing viruses in their new creations, White explains. An immune system should be able to identify previously unrecognized viruses by these short so-called genes, which often are critical to the viruses' function. Although conventional software might contain some of these genelike sequences, the presence of many is typically a sign of viral infection, White says.

When a computer participating in a pilot test of this digital immune system finds virus genes or any other signs of infection, it strips out confidential data and encrypts the rest. The altered file then goes to a central computer facility at IBM to be analyzed. A computer there routes the virus to a test machine that lures the virus into replicating by running a variety of programs. If any of these decoy programs become infected, the test computer attempts to pull out a signature that can identify the virus in other computers. 

The signature and a prescription to strip the virus out of infected files is  then sent back to the central computer. It  adds the new virus to its database and sends the information on detection and treatment back to the infected computer. IBM's automated process typically takes less than 5 minutes to identify a virus signature and derive a prescription, the developers claim.

Uninfected computers will also be "vaccinated," as the IBM team puts it, against infections with this new virus as soon as they check the updated database. Ultimately, White envisions, uninfected computers will be vaccinated automatically.

Later this summer, IBM, in conjunction with a leading antivirus-program developer, Symantec Corp. in Cupertino, Calif., plans to release an antivirus plan that includes such a digital immune system. "This is the first step toward a comprehensive system that can spread a global cure for a virus faster than the virus itself can spread," White says.

The IBM researchers are still trying to develop ways to mimic another trait of the immune system. An infected cell produces chemicals signaling distress, warning neighbor cells to put up barriers to slow the spread of the virus. Thus, when the immune system develops ways of attacking the intruder, it can quickly outpace the spread of the virus. 

The biological analogies of computer security may stretch even further than IBM's vision, says Stephanie Forrest of the University of New Mexico in Albuquerque. The human immune system identifies foreign invaders because they don't carry the body's typical flags of "self," not because they resemble other infectious agents. Forrest and her colleagues have found a way for a computer to identify self. 

By looking at short sequences of signals between a program and the computer's operating system, she and her colleagues have defined patterns unique to each machine. Abnormal patterns may be a sign of infection. For example, a program making unusual demands on system resources has very likely been co-opted by a virus or is being attacked by a hacker, says Forrest. 

"We've shown pretty convincingly that looking at these short sequences of self gives good discrimination between what is self and what isn't," she says. Such a system can be very efficient, Forrest points out. The protected computer uses its resources to check only programs and files that it is using. 

She and her colleagues have also shown that information packets flowing into and out of a network of computers hooked to the Internet show patterns recognizable as self or nonself. 

Like white blood cells in the human body, a digital immune system can create antibodies that recognize foreign material, Forrest says. To minimize the chances that the antivirus program will attack the computer itself, it would always destroy antibodies that flag patterns that are intrinsic to the computer. Using the remaining digital antibodies, the system will periodically check for abnormal patterns that may signify virus infections or intrusions from hackers.

Forrest and her colleagues are working on a system that will allow a computer to continually learn to redefine itself, so the computer can accept new programs without flagging them as viruses. The researchers have not yet explored how to attack viruses once identified.

Forrest says that a self-recognizing system will be practical even for individual computers connected to the Internet and used primarily for E-mail, writing, designing graphic presentations, and perhaps a little programming. 

Though still theoretical, Forrest's approach may offer many advantages. A different immune system would run on every computer. Since every computer would create different antibodies, a virus that evaded one computer might not escape detection by another, limiting the spread of the virus. Likewise, a person who broke into one computer network and managed to avoid detection by that system might not be so successful on another network, she says.

"They've taken a much more exact analogy with biology by developing digital antibodies," says White. "But the analogy breaks down. All of my cells come from me, so my immune system can define self. But I put files on my computer every day. . . . This system may be very good for intrusion detection, but it may not be a good approach for viruses, because it will make too many mistakes. Our approach is more specific for viruses."

Both research groups caution that in nature, no defense system remains perfect forever. Just as white blood cells and viruses engage in a delicate dance, each evolving to outwit the other, so will computer viruses and antivirus technology, White says. 

Viruses are getting more dangerous all the time, he says. Several programs for automating the development of macro viruses are circulating, meaning that the virus-writing community can create viruses faster than ever. 

There are even some indications that viruses may be evolving on their own, White says. For example, some versions of  Microsoft Word may make minor errors when copying viruses. These changes may disable the virus, or they may make the virus harder to spot. Also, if two or more viruses successfully infect a computer, one may accidentally copy itself into the other virus, creating a new kind of bug, he says. While uncommon so far, these scenarios are certainly threatening, White notes.

Whatever the form of the threat, the goal of protecting computer systems remains. "What we would ideally like is for a computer to behave the way the human body does," says Sushil Jajodia of George Mason University in Fairfax, Va. "When we are attacked by a virus, we get sick, but the immune system detects the virus, defeats it, and heals the damage. Computer systems are not like the human body, though, in that we need to provide the technology."

Because programs and operating systems are not usually designed with security in mind, antiviral programs will always be behind the curve, says Jajodia. "It still isn't clear how well this idea [of digital immune systems] will work, but we have no better alternative for detecting virus infections," he says.

Computer users have demanded ease of use but not security, says Forrest. "While people are becoming aware of the issues . . . they don't feel personally threatened yet." She notes that "when the Internet took off in the early '90s, it became evident that the computer-security problem was going to become everybody's problem."

Jajodia, editor-in-chief of the Journal of Computer Security, says that programmers should address the problem of viruses long before people begin using newly developed software. 

Designing computer systems and programs with security in mind is an important first step, he says. More programs should check digital signatures to confirm that transferred files and computer code come from a trusted source. Better encryption systems, which help ensure that information has not been altered in transit from one computer to another, would make it harder for people to design viruses and for viruses to spread, he says.

Computer-security experts warn that no single set of changes will be enough to completely protect increasingly interconnected computer systems. They hope, however, that new security measures, such as digital immune systems, will fend off future epidemics. 
n

A digital immune system: A virus triggers the infected computer (yellow) to forward a sample of the viral code to an administrative machine, which in turn sends an encrypted sample (riVsu) to a central testing facility. There, a test machine lures the virus into replicating. Once the virus is confirmed, other components of the immune system produce prescriptions for identifying and removing the bug. This information then travels back to the administrative machine, which forwards the prescription to the infected computer and then to other computers on the local network. Eventually, the immune system designers envision sending automatic antivirus updates to computers worldwide. 

Computer viruses: Then and now

The first computer virus, called Brain, appeared in 1987. The people who created the first viruses hitched them to operating systems (such as DOS) or to applications (such as games or editing programs). Some of these viruses are still circulating. With these viruses, when a user turns on an infected computer or runs an infected program, the viral code copies itself into the computer's memory-and from there into any subsequent applications the user runs. These viruses spread only when a computer user shares tainted files and programs with other people.

On the other hand, viruses like Melissa latch onto macros, small programs hidden in word processing software. For example, when an unsuspecting recipient of the Melissa virus opened an infected document written in Microsoft Word, the virus activated and hijacked another program known as Microsoft Outlook. This program E-mailed copies of the infected document to the first 50 people listed in the program's address directory. The virus spread so quickly because so many people use both Word and Outlook.

Until macros became commonplace, viruses couldn't infect data files, including word processing documents and spreadsheets. Macro viruses proliferate rapidly because many people share data files freely, and they do so primarily through E-mail. Once one data file is infected, a virus can infect all other data files of that application as soon as they are opened.

By the end of 1998, programmers and users had identified more than 30,000 viruses. Viruses of all sorts now affect millions of computers every year.          -D.C.

Biology

The early fetus gets the womb

The human egg, once fertilized, apparently has only a short window of time in which to make it from a fallopian tube to the uterine wall. If the fertilized egg doesn't implant there within a week or so of ovulation, scientists find, the chances of a successful pregnancy begin to plummet.

Allen J. Wilcox of the National Institute of Environmental Health Sciences in Research Triangle Park, N.C., and his colleagues recruited 221 women who were about to stop using birth control because they wanted to become pregnant. From the concentrations of certain hormones in urine, the researchers could determine the day a woman ovulated. "We collected about 20,000 urine specimens. That's a lot of women collecting urine every morning and putting it into freezers," laughs Wilcox. 

By also detecting the hormone chorionic gonadotropin in urine-the same method that home pregnancy tests use-the scientists could discern when an egg implanted. Cells that will become the placenta make this hormone to halt the menstrual cycle so that the woman doesn't shed the uterine lining and the implanted egg. 

As the researchers describe in the June 10 New England Journal of Medicine, they followed 189 women after conception. In almost all the women, the egg implanted 6 to 12 days after ovulation. The later the time of implantation, however, the more likely it became that the fetus would not survive its first 6 weeks. Indeed, no egg implanting after 12 days endured that initial period, let alone produced a live birth. 

Animal studies indicate that the uterine wall becomes less receptive to implantation later in the menstrual cycle, which may explain the findings. Another possibility is that fertilized eggs that journey sluggishly to the uterus may have defects that make them less likely to survive. "It could well be both: There's a limited window of receptivity, and slower conceptuses are more likely to fail," says Wilcox. 


    -J.T.

Gene proves to be a pain in the back

Totaling up to 10 pounds per person, the collagens are the most abundant proteins in the human body. "These proteins support our organs and our bones," says Leena Ala-Kokko of the MCP Hahnemann University in Philadelphia. "They hold us together."

Ala-Kokko and her colleagues have now linked a defect in a collagen gene to herniated disks, an excruciatingly painful back problem that afflicts many people. The protein under scrutiny is collagen IX, which represents a relatively minor component of the spongy disks that separate the vertebrae in the back.

Several years ago, a Japanese research group created mice that have a mutation in one of the three genes needed to form collagen IX. As the rodents aged, their disks degenerated.

Curious whether collagen IX mutations trigger back problems in people, Ala-Kokko's team and colleagues in Finland surveyed people with sciatica, a pain that radiates from the lower back to below the knee. A bulging or shattered disk that presses upon a nearby nerve commonly causes sciatica, and the researchers confirmed herniated disks in 157 of the people.

The investigators then examined one of the three genes that together encode collagen IX. In six of the people, the gene had an altered DNA sequence that results in an amino acid switch, tryptophan for glutamine, within the protein. Of 174 people with no sciatica or known disk problems, none had the same alteration, the researchers report in the July 16 Science.  

Finally, they looked at the families of four of the people with the suspicious DNA variation: 26 family members overall had the tryptophan-encoding sequence, and each one had disk problems. "That's when we were convinced," says Ala-Kokko.

The researchers have begun to look for alterations in the two other collagen IX genes. People with collagen IX mutations may wish to avoid other factors, such as obesity, that increase the risk of disk problems, says Ala-Kokko. 
-J.T.

Science & Society

More on DOE's security vulnerabilities

In the wake of revelations about alleged Chinese spying at U.S. nuclear-weapons labs (SN: 6/5/99, p. 367), the Department of Energy (DOE) has had teams of internal and external investigators probing what vulnerabilities remain. Two of those teams recently released their findings in separate reports. Though both found significant security weaknesses, they suggested very different tactics for addressing them.

On June 30, a special investigatory panel convened by the President's Foreign Intelligence Advisory Board, headed by former Sen. Warren B. Rudman (R-N.H.), concluded that DOE's research laboratories embody "science at its best and security of secrets at its worst." 

Since DOE's inception in 1978, its approach to security has proven "dysfunctional," the report says. Following interviews with staff and administrators, and after sifting through 700 documents, Rudman's panel concluded that DOE remains "saturated with cynicism, an arrogant disregard for authority, and a staggering pattern of denial [of security vulnerabilities]." Harangues, recurring administrative changes, and threats of espionage haven't changed the situation, the panel reports. It argues that "DOE is incapable of reforming itself"-even under an activist leader, such as current Secretary Bill Richardson.

One solution, the Rudman panel asserts, would be to bundle all weapons programs into a new "semi-autonomous" DOE division with "a clear mission, streamlined bureaucracy, and drastically simplified lines of authority and accountability." Last week, the Senate voted to restructure DOE along these lines. The House is expected to take up the issue soon. 

Glenn Podonsky, director of DOE's Office of Independent Oversight and Performance Assurance, believes that enforcing existing security regulations, however, might prove a simpler solution.

Earlier this month, his team briefed Congress on its classified analysis of security at one weapons facility-Lawrence Livermore National Laboratory. These in-house investigators also found a long history of weak security. Unlike Rudman's group, however, Podonsky's saw signs that the labs are "turning things around" and are committed to improving security.

"I don't want to sound like a cheerleader," Podonsky told Science News, but Livermore's security vulnerabilities "were not what we would call critical-meaning something of dire consequence." In some cases, an individual might have failed to lock a closed safe bearing classified documents. Other times, a scientist might have inadvertently shared information with colleagues who weren't cleared to receive it.

Podonsky likens the situation to the use of seat belts. When these devices were novel, many people forgot to use them or thought them needlessly restrictive. With enforcement of their mandatory use, however, buckling seat belts has become routine for most drivers. Unfortunately, Podonsky says, DOE's lax or erratic enforcement of existing rules never forced security practices to become second nature. That's what's got to change, he says. Under Richardson, that change is happening, he adds. National labs are institutionalizing "a reeducation" campaign to remind people of their security responsibilities, says Podonsky. 

His team plans to complete security probes at DOE's other major weapons labs before summer's end.   
                   -J.R.

Ferreting out fraud: The Nordic track 

Since 1992, Denmark, Norway, Finland, and Sweden have all established federal agencies to investigate allegations of scientific misconduct. In all but 9 of their 37 completed investigations, "no dishonesty has been confirmed," according to a report in the July 3 Lancet. 

In contrast to U.S. groups, which have created lists of misdeeds that constitute fraud, among the Nordic agencies, "formal definitions have never been considered critical or even feasible," according to Magne Nylenna of the Research Council of Norway in Oslo and his colleagues, who prepared the report. Instead, they find, the general Nordic criterion for dishonesty has been whether any "deviation from good scientific practice is serious or intentional." Gross negligence also qualifies as misconduct in Denmark. 

In some cases where investigators found no blatant dishonesty, Nylenna's team notes, there had been some "deviation from good research practice." To deal with this, the Nordic fraud squads have evolved a policy of explicitly describing and publicly reporting such questionable activities.

"Given the great publicity research misconduct has received, there were surprisingly few cases of serious scientific misconduct," observes Lancet Editor Richard Horton in an accompanying editorial. "Yet the pressure for even greater oversight of research is increasing," he says. With researchers worldwide fearing that "excessive regulation and the threat of public witch hunts will deter investigators from doing important research," Horton notes, a researcher "backlash" is developing. 


   -J.R.

Congress loses valued science ally 

Science lost a respected advocate on July 15 with the death of Rep. George E. Brown Jr. (D-Calif.). The 79-year-old lawmaker succumbed to a postoperative infection following surgery to replace a heart valve.

Long a member of the House Science, Space and Technology Committee, Brown headed it from 1991 until Republicans took over leadership of the House in 1995.

A committee statement notes that Brown focused on conservation, environmental degradation, technology transfer, renewable energy sources, the hazards of burning fossil fuels, destructive effects of Freon, and the importance of keeping space science separate from the military-many years ago, "when there were few listeners and fewer converts." During his 18 terms in Congress, Brown played an active role in establishing the Environmental Protection Agency, the Office of Technology Assessment, and a permanent presidential science advisory body-the Office of Science and Technology Policy.

Last year, in challenging several major facets of a National Science Policy report issued by the Science Committee, Brown laid out some longstanding concerns. He argued that "we need to do a more rational job of identifying specific social needs that science can help us remedy . . . . To put it simply, science for what end? It isn't enough to declare science a public good and walk away from the table. When we use public resources to support science and technology, we should clearly identify the public purposes which we desire." 

"I am particularly concerned," he said, "that increasing technological sophistication and maldistribution of educational opportunity could create a two-tier society . . . of technological haves and have-nots." 

Recalls National Science Foundation Director Rita R. Colwell, Brown was Congress' "most articulate spokesperson for continuing investments in science and technology."                 -J.R.

George Brown Jr., 1920-1999

