Books

The Anatomy of Motive: The FBI's Legendary Mindhunter Explores the Key to Understanding and Catching Violent Criminals—John Douglas and Mark Olshaker. With the aid of Olshaker, Douglas reveals the tactics he has implemented over the past 2 decades as a profiler for the FBI. In tracking some of the nation's most notorious criminals, Douglas has gained insight into the behavior and patterns of the most violent members of society. According to him, each case begins with the why that leads to the who. Within these pages, he refers to actual cases he has investigated to consider motives behind a host of crimes ranging from hijackings to arson and murder, and he identifies the sociopathic tendencies of the perpetrators. Scribner, 1999, 320 p., hardcover, $25.00. 

Between Inner Space and Outer Space—John D. Barrow. An acclaimed astronomy professor and popularizer of both astronomy and physics, Barrow presents a collection of his articles spanning 20 years. In each, he addresses key questions concerning the laws of nature and the universe, quantum reality, and time and space. The author prefaces each essay with new commentary. In all, Barrow offers a "gentle introduction" to some of the key problems he and his colleagues face in determining the origins of the universe; the utility of mathematics, complexity and chaos; and an ultimate Theory of Everything. OUP, 1999, 274 p., illus., hardcover, $30.00. 

Gatherings of Angels: Migrating Birds and Their Ecology—Kenneth P. Able, ed. Each spring, the skies over Nebraska blacken with migrating sand cranes. While the multiplicity of these creatures stretches the imagination, the continued success of their journey truly amazes. How do these frail creatures travel such distances? How important are the stops they make along the way? How do they even know which way to go? Noted avian biologists reflect on recently gained knowledge about individual species and migratory birds of the Western Hemisphere as a whole. They tell many fascinating stories, such as how rufous hummingbirds, weighing no more than a piece of chewing gum, can migrate from Alaska to Mexico and how raptors build up and then expend the energy they need for their 5,000-mile migrations. Cornell U Pr, 1999, 193 p., color plates/b&w photos, hardcover, $26.95.

The Universe and the Teacup: The Mathematics of Truth and Beauty—K.C. Cole. "Quantity and quality are inseparable," declares Cole as she imparts her appreciative view of the role of mathematics in the ideas that underlie society. In four parts, she shows how mathematics helps us sift through the confusion. Fairness, cause and effect, and the physical reality of the world are the general concepts she highlights. The story of Emmy Noether and her energy-conservation theorem, the errors of the bell curve, and the voting theories that kept Clinton-nominee Lani Guinier from being confirmed as head of the Justice Department's civil rights division are among the examples Cole employs. Originally published in hardcover in 1998. HarBrace, 1999, 214 p., paperback, $13.00.

Vital Signs 1999: The Environmental Trends That Are Shaping Our Future—Lester R. Brown, Michael Renner, and Brian Halweil. Produced annually by the environmental watchdog group The Worldwatch Institute, this report itemizes key indicators of social, economic, and environmental progress, or the lack of it. This year, progress comes in the form of reduced use of fossil fuels and double-digit growth in the production of photovoltaic cells. Food trends, on the other hand, are less promising as grain and soybean harvests decline and fisheries falter. While the U.S. economy booms, unemployment remains a strong concern in central and eastern Europe and malnutrition still plagues sub-Saharan Africa. Norton, 1999, 197 p., illus., paperback, $13.00.

Why We Buy: The Science of Shopping-Paco Underhill. A protégé of social scientist William H. Whyte chronicles his foray into a lucrative and unique profession: retail anthropology. For 20 years, Underhill's company, Envirosell, has tracked every aspect of the retail experience based on ergonomics, signage, and behavior. With zeal, he reveals his methods (he shoots 7,000 videotapes of shoppers each year) and the fruits of his research. Among other tidbits of selling, he tells how to get customers to the rear of a store, the importance of being able to touch items, and why Milkbones must be stocked no higher or lower than waist level. S&S, 1999, 255 p., hardcover, $25.00.  

Y2K and You: The Sane Person's Home-Preparation Guide—Dermot McGuigan and Beverly Jacobson. For those who harbor concerns that vital services may be interrupted by computer malfunctions on Jan.1, 2000, this guide offers some modest advice on how to prepare for Y2K or even a weather emergency, for that matter. Produced in conjunction with the folks at Real Goods, many ideas in the book echo mantras of independent sustainability as espoused by the organization. With an emphasis on resilience and community efforts, the volume highlights methods for implementing a renewable-resource energy system, storing water safely, and keeping nonperishable food. Chelsea Green, 1999, 166 p., b&w illus., paperback, $15.95. 

Letters

It's a gas in the grass

It would seem that the source of the grass for the study described in "Gas emissions from mowed grass" (SN: 4/3/99, p. 223) might be important. Chemicals used in treating the grass would also be contained in the trimmings and could affect the emissions.

Frank Deits

Ridgecrest, Calif.

The article would indicate that any aerobically decomposing vegetation would be harmful to the environment. Are we organic gardeners now to conclude that our composting is polluting the atmosphere?

Richard Hill

Tucson, Ariz.

In our work, we studied a wide variety of plants: clover, alfalfa, and corn grown under controlled conditions in a research greenhouse and grass and cottonweed from outside our laboratory. All of them showed the same response to plant damage. It is not likely that any chemical taken up by the plant during growth plays a role in this process.

Drying cut grass is different from composting. The volatile organic compounds our paper describes are released by the plant itself, as a defense against the damage caused by the cutting and drying. During composting, bacteria decompose the plant material, and gases like methane are released.

Joost de Gouw

Utrecht University

Utrecht, The Netherlands

It's too easy seeking green

The article "Parasites make frogs grow extra legs" (SN: 5/1/99, p. 277) reports on some outstanding work by Pieter Johnson and his colleagues. However, the article states that "[this] parasite work [will not] dampen inter-est in UV and pollutant research at the Environmental Protection Agency's Duluth, Minn., office." I find it distressing, albeit somewhat amusing, that at a time of poor support for the basic sciences EPA would even consider investing in studies to look for a link between environmental UV exposure and gross defor-mity. Pollutants, of course. But UV? Unless amphibians in Minnesota deposit their eggs on the surface of the water (they don't), UV-A and UV-B would have little or no impact on embryonic development. Further, ponds at that latitude haven't seen enough UV-C since Pangaea to give cause for consideration. Distribution of our scarce research dollars with no regard for the purpose of the studies or their possible conclusions and applications is unconscionable.

John M. Nelson

Richland, Wash.

Digital fluency fallacy

In "Developing digital fluency" (SN: 5/8/99, p. 303), a National Research Council panel suggests that entire college curricula be modified to ensure that every graduate becomes a computer guru. This makes about as much sense as determining that all college graduates should be their own attorneys, physicians, accountants, or plumbers.

Barlow Soper

Louisiana Tech University

Ruston, La.

Image of a Planet: Too Hot to be True?

"Hubble takes first image of possible planet around another star and finds a runaway world." That was the title of a headline-making press release issued by NASA 13 months ago. At a space agency briefing in May 1998, astronomer Susan Terebey of the Extrasolar Research Corp. in Pasadena, Calif., unveiled Hubble Space Telescope images that she said might show a planet born to a pair of stars 450 light-years from Earth (SN: 6/6/98, p. 357).

Although astronomers roundly criticized NASA for highlighting an extremely tentative finding, the stakes were admittedly high. The images could go down in history as the first ever of a planet outside the solar system. 

Now, several astronomers have told Science News that new data reported by Terebey at two recent meetings strongly suggest that the object is too hot to be a planet. Instead, it is "almost certainly a normal reddened star," says Keith S. Noll of the Space Telescope Science Institute in Baltimore.

Terebey told Science News that she would not talk to reporters until July. By then, she said, she will have had time to assimilate comments from scientists who had seen her new data and submit an article to a peer-reviewed journal.

According to astronomers who attended her latest presentations, Terebey acknowledged that the spectrum she has obtained of the faint object, dubbed TMR-1C, could be that of a star. However, she also suggested that the object might be a failed star, known as a brown dwarf, or it could still be a planet-though hotter and possibly younger than she had thought.

Terebey's spectrum was taken at the Keck Telescopes atop Hawaii's Mauna Kea. She presented the data on June 9 in Flagstaff, Ariz., at a meeting on giant planets and cool stars and on June 17 at a Gordon Research Conference in Henniker, N.H., on the origins of solar systems. Analyzing the Keck data was hard work because the object was so dim, she previously told Science News.

Examining a faint dot in Hubble images, Terebey and her colleagues last year were intrigued by the object's location, at one end of a bright trail that led to a pair of young stars. The team suggested that the newborn stars were themselves parents and the faint object their offspring, a planet a few times as massive as Jupiter that had been expelled from its birthplace.

The luminous trail, Terebey proposed, was generated by the planet as it barreled into space and pushed dust out of its way. In her team's original scenario, the planet was about as old as its parents, a few hundred thousand years, and at a relatively cool temperature-no more than 1,500 kelvins.

Terebey's spectrum reveals that the object does not contain water vapor, which should be present if its temperature is lower than 2,500 kelvins, notes Noll. His analysis of Hubble images already hinted at that. Because water is abundant in the cosmos and straightforward to spot in spectra, its absence is a reliable indicator of a high temperature, he adds.

Terebey showed that the spectrum of an ordinary, low-mass star, partly obscured by foreground dust, roughly matches her Keck spectrum of TMR-1C, according to astronomers who heard her Flagstaff presentation.  

This "implies strongly" that TMR-1C is just a background star, says Mark S. Marley of New Mexico State University in Las Cruces, an organizer of the Flagstaff meeting. "It is a real stretch of the data to claim anything else."

Still, Terebey told astronomers that it's possible that TMR-1C is a young planet that's hot because it has just formed or is packing on new material as it travels.

Peter Bodenheimer of the University of California, Santa Cruz says that in the unlikely event that the object is a planet, it would have a very different origin from that originally proposed. The trail would have created the planet, instead of the planet having created the trail. He suggests that the planet condensed out of the trail's material, which was ejected from the disks of matter surrounding each of the parent stars.

James W. Liebert of the University of Arizona in Tucson, who also attended the Flagstaff meeting, said it's plausible that planets heavier than Jupiter could be ejected as a solar system forms and stabilizes. "[But] if the object really were of planetary mass, the nature of the possible ejection event is so unclear [that] I wouldn't necessarily expect that it would have a 'normal' temperature and spectrum for something of that age," he adds. 

Noll says, "In my opinion, it is a waste of time and bad science to keep pursuing this idea [of a planet] when a much simpler and more likely alternative-a star-is supported by all the evidence."

Liebert adds that a simple test, one that Terebey suggested last year, could settle the matter. If the object is indeed a planet thrown out by its birth parents, it should be traveling at a fair clip. "Either it keeps on moving . . . or it is a [star], which does not move," Liebert says. Tracking the faint body with a telescope for several years should provide the answer, he concludes.
-R. Cowen

Proposed planet (arrow) could be just a star. 

Cows' milk, diabetes connection bolstered

Many studies have linked cows' milk consumed by babies to subsequent diabetes, but some researchers still doubt that it causes the disease. The association is based on animal experiments, they note, or indirect evidence (SN: 10/19/96, p. 249), such as studies in which parents of diabetic children try to recollect when their babies first started drinking milk-based formula.

Now, Finnish researchers have avoided the vagaries of poor recall by studying children from birth. In so doing, they have added to the case against cows' milk. 

By monitoring babies in diabetes-prone families, the scientists find that infants getting formula that includes cows' milk are more likely later to develop the immune reactions associated with juvenile-onset, or type I, diabetes than are babies getting a substitute. The scientists reported the findings this week in San Diego at the 59th Annual Scientific Sessions of the American Diabetes Association.

The researchers tracked, until age 8 months, 173 newborns in Finland who had a close relative with type I diabetes. To augment their mothers' milk, half of these babies received milk-based formula and the rest got a formula in which the cows' milk proteins had been broken into fragments called peptides. The two formulas taste and smell the same, so parents and researchers didn't know which one a baby was drinking.

Babies' immune systems largely ignore  cows' milk proteins that have been chopped up. However, contact with one intact protein in cows' milk, bovine insulin, may set off a destructive process, suggest immunologist Outi Vaarala and her colleagues at the University of Helsinki. The immune system would attack pancreas islet cells that make human insulin, which resembles bovine insulin, and would produce antibodies. 

At 2 years of age, 10 of 89 children getting cows' milk formula had formed antibodies associated with type I diabetes. However, only 3 of 84 babies receiving the treated milk showed these antibodies, says Hans K. Akerblom, a pediatrician at the University of Helsinki. 

These autoimmune antibodies, or autoantibodies, are made by immune B cells and appear to dispose of damaged pancreatic islet cells, says Hans-Michael Dosch, an immunologist at the Hospital for Sick Children in Toronto. The antibodies indicate that bovine insulin might be spurring an immune system T-cell reaction against the child's own islet cells, he says. Insulin regulates sugar metabolism in the body.

Research had already determined that having one type of autoantibody to insulin indicates that a baby has roughly a 4 in 10 chance of contracting type I diabetes within the next decade, says study coauthor Suvi M. Virtanen, a nutritional epidemiologist at the University of Tampere in Finland. Having more types of these autoantibodies is a sign of greater risk; having three imparts an 80 to 90 percent likelihood of getting type I diabetes. In this study, 3 of the 10 children in the cows' milk group who had diabetes-related autoantibodies showed one type of such antibody, and the rest had two or more.

The precise cause of diabetes remains unclear. The children in the study were genetically predisposed to it, but most will never get the disease. Something in the environment or diet may trigger it.

Some researchers suggest that changing a predisposed child's diet might derail the disease. However, the proteins and calcium in cows' milk impart great benefits, Akerblom says. "None of this [research] is strong enough . . . to start changing habits about how mothers raise children," he warns.

Dosch agrees but notes that the evidence against cows' milk is piling up. As an example, he cites research from Puerto Rico. There, fewer than 5 percent of mothers breast-feed their children. Instead, nearly all use formula made from cows' milk. Meanwhile, type I diabetes incidence in Puerto Rico is roughly 10 times the rate seen in Cuba, where breast-feeding is nearly universal.

Such findings suggest that the problem may be cows' milk ingested in the first few months of life. After all, Dosch says, "we are the only species that drinks another species' milk. It's a weird thing. We have not evolved to be exposed to [bovine insulin] protein."          -N. Seppa

Lead and bad diet give a kick in the teeth

For decades, the prevalence of childhood cavities has plummeted, thanks mostly to fluoridated water. But for some children, especially in northeastern U.S. cities and among the most economically disadvantaged, tooth decay remains common. A new study implicates lead as a likely cavity culprit. 

The finding adds to a series of health problems for which lead may be to blame, including anemia and impaired mental development. Two other studies, also released this week, suggest that shortages of calcium and vitamin C may put children who are already at the greatest risk for lead exposure in double jeopardy.

In the cavity study, Mark E. Moss of the University of Rochester (N.Y.) Medical Center and his colleagues analyzed data from a nationally representative sample of 24,901 children, part of the Third National Health and Nutrition Examination Survey (NHANES III). 

Most of the children's blood contained only a few micrograms of lead per deciliter, and the current federal guideline for blood-lead concentrations is 10 æg per deciliter. For children ages 5 to 17, an increased lead burden of 5 æg per deciliter of blood corresponded to an 80 percent jump in cavities, Moss and his team report in the June 23/30 Journal of the American Medical Association (Jama). They estimate that cavities of 2.7 million U.S. youngsters result from lead, about 10 percent of all cases in that age group.

"We've been thinking about tooth decay in a way that's almost like blaming the victim-if your children have tooth decay, it's because you don't brush their teeth right, or maybe their snacking habits are bad," Moss says. "This study says that maybe it's beyond that. Maybe children who are exposed to lead need extra precautions, such as more fluoride or better hygiene habits, than the average."

Previous studies on people hinted at a link between lead and cavities but were inconclusive. William H. Bowen, who heads another research group at the University of Rochester, comments that the new study bolsters that research, as well as his group's finding that lead exposure causes cavities in rat pups (SN: 9/6/97, p. 149). "When you put the whole package together, you've got an extraordinarily convincing story," he says.

The new study doesn't prove that lead causes cavities, Moss notes. Further research will examine whether, as Bowen's rat research suggests, lead stunts development of the glands that produce saliva, which protects teeth from harmful acid and bacteria. Alternatively, lead might hinder enamel growth, perhaps by blocking fluoride's activity.

Children acquire lead primarily from two sources: lead-based paint, which is common in homes built before the mid-1970s, and contaminated soil, a remnant of leaded gasoline exhaust. Because eliminating lead from the environment would be expensive, if not impossible, John D. Bogden of the University of Medicine and Dentistry of New Jersey in Newark, suggests that the best hope for averting lead poisoning in children may be the reduction of lead absorption in their gastrointestinal tract. This can be achieved by boosting the calcium in their diets.

In the June Environmental Health Perspectives, however, Bogden and his coworkers report insufficient calcium intake among children living in areas where lead exposure is high. Of the children whose blood concentrations of lead had been measured, almost half exceeded the federal guideline. 

Bogden's team found that the diet of 31 percent of 175 children ages 1 to 3 years regularly fell below the federally recommended intake of 500 milligrams of calcium per day. Moreover, 59 percent of 139 children 4 to 8 years old took in less than the recommended 800 mg daily. In both age groups, calcium in the diets of about 7 percent of children fell far below the requirement for good health. These children took in less than 200 mg calcium per day. 

"It's depressing," Bowen comments. "It's another health burden for the people who are least able to bear it."

However, Bogden's group also found many children whose calcium intake was well above the recommended level. "With attention to including dairy foods in the diet, it's very doable," he says.

A third study, also in the June 23/30 Jama and using NHANES III data, finds a link in both children and adults between decreased blood concentrations of lead and increased concentrations of ascorbic acid, or vitamin C. If the finding holds up, increasing vitamin C intake could be "a reasonable, cost-effective way to control lead levels in the population," says author Joel A. Simon of the University of California, San Francisco. 

Even if lead hampers the absorption of vitamin C, rather than the vitamin flushing out lead, "the bottom line is the same," Simon asserts. People at high risk for lead toxicity should eat more fruits and vegetables and consider taking a vitamin C supplement, he says. 

In an accompanying editorial, Thomas D. Matte of the Centers for Disease Control and Prevention in Atlanta warns that a dietary fix shouldn't replace efforts to purge lead from the environment. Even if a nutritional strategy works, he asserts, "reliance on such an intervention places most of the burden for prevention on those most affected and least responsible for the underlying environmental causes of lead toxicity." 
-S. Carpenter

Tin replaces lead in automobile steel

Car engines already run on unleaded gasoline. Now, researchers have found a way to get the lead out of the engine itself. Scientists at the University of Pittsburgh have created a leadfree steel that can be used in automobile engines and transmissions. Not only is the new alloy  environmentally friendly, it also may cost less and be easier to recycle than the traditional metal.

The type of steel commonly used for machined car parts contains a low concentration of lead, about 0.15 to 0.33 percent by weight. Lead makes the material, known as 12L14, easy to drill and cut, but its presence also requires that steelmakers follow strict safety measures to ensure that lead fumes and dust don't endanger workers or pollute the environment.

Anthony J. DeArdo and C. Isaac Garcia found that tin can replace the lead in 12L14 without changing the steel's mechanical properties. They expect a patent for the material in the next few weeks.

DeArdo and Garcia began looking for alternatives to leaded steel 5 years ago, when steelmakers became concerned that the government might ban lead as an ingredient. "Since 12L14 is the workhorse for machining applications, there was not a suitable candidate to replace this material," says Garcia. 

Although lead has been in steel for many years, there was no scientific agreement on how it makes the metal easier to machine, Garcia says. Using a field-ion microscope that could identify the positions of individual lead atoms in the alloy, he and DeArdo determined the mechanism. They learned that lead atoms collect at the edges of metal grains, making it easier for the grains to slide past each other and separate. 

Machining a part essentially fractures the material, says Garcia. Carving steel parts, for example, "produces small chips, like sharpening a pencil."

The researchers then looked for other, nontoxic elements that could also collect at these grain boundaries and produce a machinable steel. Tin at a concentration of 0.035 to 0.08 percent by weight-significantly less than the amount of lead it replaces-worked best out of all the alternatives they tried.

The Curtis Screw Co. in Buffalo, N.Y., has cut about 15,000 pounds of the leadfree steel into precision parts, says president Bob Squier. "It machines at least as well as 12L14. That's encouraging," he reports. Tests at the University of Pittsburgh had indicated that tools can machine the new steel much more easily than they can 12L14, Squier says, but so far, tests in his factory haven't borne that out.

The steel should cost less to produce, Garcia says, since steelmakers won't have to collect lead fumes emanating from molten metal. Chips and scraps cut from traditional steel parts also contain lead and must be handled in a special way, but the new material can be melted down without such precautions. "Leaded scrap is very difficult to get rid of," says Squier. "It's not environmentally friendly." 

Lead is not a big concern in recycling old cars because the small amount of lead in them becomes diluted in the overall mix of scrap metal, says Greg Crawford of the Steel Recycling Institute in Pittsburgh. 

Curtis Screw already has a production order from the Ford Motor Co. for parts made out of the new alloy, says Squier. Whether the steel catches on will depend on automaker demand, but "we're pretty excited about it," he says.
-C. Wu

Automobile parts made by the Curtis Screw Co. using a new, leadfree steel.

Testosterone keeps male brain in shape

Men are from Mars, and women are from Venus-so claims a best-selling book on male and female behavior. On a more scientific level, neuroscientists indeed have evidence that various brain regions differ in size or activity between men and women. When and why do these gender-based neurological differences arise?

Until recently, scientists pointed to embryonic development, or puberty at the latest, as the period when male and female brains diverge structurally and settle into their final forms. Challenging that view, a new study finds that the presence or absence of androgens-testosterone and related hormones-continues to shape a region of the rat brain well into the animal's adult life. 

When adult male rats are castrated, this area of the brain, the medial amygdala, dramatically shrinks in volume. Within a month, it reaches the size seen in a female rat brain, Bradley M. Cooke of the University of California, Berkeley and his colleagues report in the June 22 Proceedings of the National Academy of Sciences. Conversely, in adult females given testosterone, the medial amygdala balloons to male size within several weeks.

"We were a little surprised to see that the sexual dimorphism could be completely explained by adult circulating androgens," says study coauthor S. Marc Breedlove, also of Berkeley.

The medial amygdala in male rats averages 1.65 times the area's size in female rats, a disparity probably explained by its role in sexual arousal. Nerves from the olfactory system run into the medial amygdala, and male rodents seem to use the region to process information about pheromones and other odor-related cues to reproduction. For example, male rats with damage to the medial amygdala don't become aroused by the scent of a female rat.

Other investigators have demonstrated that altering the amount of androgens in the blood changes the size of certain brain regions. The new study, however, is the first to show in mammals that such manipulation can completely reverse a gender-based structural difference in an adult brain. The medial amygdala's changing volume appears to stem from the nerve cells there swelling or shrinking rather than from the creation of new cells or the death of existing cells, says Breedlove.

The study's findings add to a growing belief that the form and function of the adult brain are not rigidly set. "For a long while, people simply considered structural changes in the adult brain to be impossible," notes Bruce S. McEwen of the Rockefeller University in New York.

McEwen suspects that circulating androgens do more than regulate the size of the medial amygdala. They may also influence the brain region's function by altering the inner workings of nerve cells.

Breedlove agrees, "I wouldn't at all be surprised if there were many other changes that we didn't measure." 

One lesson that scientists should draw from this study, he adds, is that the structure of the brain is not set permanently at birth. Consequently, scientists must not regard any differences found between male and female brains, or even between those of heterosexuals and homosexuals, as becoming fixed early in development, says Breedlove. 

The study also adds to the list of possible risks faced by athletes and other people using androgen supplements, an issue that gained prominence last year when baseball player Mark McGwire acknowledged taking the testosterone precursor androstenedione. "Steroid hormones aren't just affecting the body. They're also affecting the brain," says Breedlove.                                   -J. Travis

Warmer climate spurred ancient plant pests

In one of the longest-running wars on Earth, plants and insects have been battling each other for more than 300 million years. The fiercest skirmishes play out in the tropics, where hordes of hungry pests attack vegetation protected by multiple defensive weapons. A pair of paleontologists has now used ancient leaf fossils to decipher what it is about the tropics that brings out the worst in insects and plants.

Ecologists have long recognized that life is most exuberant near the equator, whereas other regions have fewer species. With the increase in tropical species come enhanced opportunities for insects to munch various plants. Researchers have wondered whether temperature, light, topography, or other factors can explain the latitudinal differences in insect herbivory.

The rocks of western Wyoming record a natural experiment capable of answering that question, report Peter Wilf and Conrad C. Labandeira of the Smithsonian Institution's National Museum of Natural History in Washington, D.C. From these rock formations, the two researchers excavated two sets of leaf fossils. The older group dates from the Paleocene epoch, 56 million years ago, when global temperatures were rising. The younger group hails from the Eocene epoch, 53 million years ago, during which temperatures reached a peak.

Comparing the damage patterns found on the fossil specimens, the researchers determined that insects took a larger bite out of plants in the Eocene. In that epoch, "plants were being more intensely attacked, and there were more types of things doing the attacking," says Labandeira. He and Wilf describe their results in the June 25 Science.

Most studies of modern plant herbivory make comparisons among sites at various latitudes, but the fossil study examines two different populations from the same latitude and the same type of floodplain environment. The prime difference between the samples is temperature, say the researchers. The later time was 7øC warmer than the earlier. 

In their recent work, the two scientists have extended the study by looking at fossils postdating the peak Eocene warmth. As temperatures dropped, so did the frequency of insect damage to leaves, says Labandeira.

The researchers caution against applying the results of their study to current climatic concerns. "This is not a prediction about what will happen in the next 100 years as temperatures go up," says Wilf. The Paleocene and Eocene warming evolved over millions of years, much slower than the one occurring today.

"Although Wilf and Labandeira's study may not be able to directly predict future changes in plant-herbivore interactions, it goes a long way toward explaining present and past communities," says Phyllis D. Coley of the University of Utah in Salt Lake City, who wrote a commentary in the same issue of Science. "Wilf and Labandeira," she says, "push the fossil evidence farther than ever before by quantitatively testing ecological hypotheses."
 -R. Monastersky

Ancient wounds mar a 56-million-year-old fossil leaf from southwestern Wyoming. The larvae of a fairy moth ate away these circular splotches. 

Nocturnal spider favors artificial lights

Spiders that spin their webs near lights at night to feast on bedazzled insects may be responding to more than the abundance of easy meals. For the first time, say researchers, a laboratory test has shown that a spider that feeds at night has an inborn preference for building webs near artificial light. 

Webs of the spider Larinioides sclope-tarius hanging along a footbridge over the Danube Canal inspired Astrid M. Heiling of the University of Vienna to study arachnid light preferences. More spiders cluster on handrails with built-in lights than on those without illumination, she reports in the June Behavioral Ecology and Sociobiology. In the lab, even spiders raised without artificial light built their webs near it on the first exposure.

Heiling's work adds to a growing appreciation of the sophistication of web building, comments Mark A. Elgar of University of Melbourne in Parkville, Australia. "It really shows these aren't just some kind of sit-and-wait predators that lead uninteresting lives," he says.

The species that Heiling studied lives near European waterways and has been reported at North American sites including New York City docks. Among adults, only females, which grow to 14 millimeters long, spin webs. Males, which are smaller, snitch prey from the females' webs.

The spiders can't break through human skin, Heiling reassures people who might blunder against them. "There is no reason for arachnophobia," she says.

Surveying the Danube footbridge from May to October, Heiling found that lit handrails averaged more than four times the spider density of the unlit ones.

To test light preferences, Heiling placed spiders at the dividing point of a two-chambered box, lit on one side and blacked-out on the other. She kept the temperature equal in the halves. Eighteen out of 20 females Heiling collected from the bridge spun webs in the lighted portion.

She also raised spiders without artificial light and fed them in both darkness and daylight so they would not associate light with food. When put into the artificially lit test box, 14 out of 15 spiders chose to build webs in the light side. 

The behavior may have evolved as spiders came to select sites near reflections of moonlight on water, she speculates. 

A test by other investigators had found that another nocturnal orb-web spider avoids light. However, Elgar says he wouldn't be surprised if other nocturnal species turn out to favor city lights. "Where you find a streetlight, you find the odd spider hanging about," he notes.

His studies and others are bringing to light ways that spiders adjust their webs to maximize meals. Orb-web species fine-tune the total area and the mesh size of their webs. For example, hungrier spiders tend to build bigger webs.

 A spider with a web that gets repeatedly bashed switches to a more tranquil location. Also, some spiders active in daylight decorate their webs with insect-attracting, UV-reflective silk squiggles. When spinning a web in a shady spot, they use more of this tinsel. A well-fed spider also invests more in decoration. "If you're well-heeled, you tend to eat more expensive food," Elgar muses. 

 Building good webs demonstrates real hunting prowess, he argues. A  cheetah's chase to bring down dinner by sheer muscle power is "spectacular," he says, but "to our way of thinking, that's not very sophisticated."
-S. Milius

This nocturnal orb-web spider shows an intriguing preference for light.

Old Glory, New Glory

The Star-Spangled Banner gets some tender loving care

By CORINNA WU

In 1814, as a young nation embroiled in a war with Great Britain, the United States needed a symbol to rally around. It found one courtesy of a Washington lawyer named Francis Scott Key.

Key boarded a British ship flying a truce flag in Baltimore's harbor to negotiate the release of a prisoner. When the enemy fleet around him began raining cannonballs on Baltimore's Fort McHenry, Key was detained on the ship, unable to do anything but anxiously watch the perilous fight until the dawn of Sept. 14, 1814.

The British warships finally retreated, their attack unsuccessful. As the legend goes, Key peered through a spyglass and saw, in the distance, a huge American flag flying over the battered but still-standing fort. The sight inspired him to pen the patriotic poem that-set to the tune of a British drinking song-eventually became the United States' national anthem. 

One hundred and eighty-five years later, that famous flag is still around, but the stripes aren't quite so long, and the stars aren't as bright. Originally measuring 30 by 42 feet, about the size of half a tennis court, the flag today is truncated; it's missing the last 8 feet across its stripes. Also, one star has mysteriously disappeared. The woolen fibers have become fragile from exposure to moisture and light. Holes and rust spots mar the fabric. 

Now, the Smithsonian Institution's National Museum of American History in Washington, D.C., the flag's home for the past 35 years, is using modern-even space-age-technology to ensure that the banner may be proudly hailed for centuries to come.

The museum has begun an $18 million, 3-year project to preserve the Star-Spangled Banner. In late May, art conservators partially unfurled the flag onto a specially constructed 32-by-66-foot table, where, wearing surgical scrubs, they will delicately clean and mend it. 

The project is the largest textile-preservation effort ever undertaken by a museum. "Our goal is to stabilize the flag, not make it look like new," says Suzanne Thomassen-Krauss, the project's chief conservator. Through the examination she's leading, one of unprecedented detail, the museum not only hopes to save the flag from further deterioration but also to learn more about its past. Moreover, the experience gained could help scientists protect other historical textiles  from the ravages of time. 

Lt. Col. George Armistead, the commander of Fort McHenry, in 1813, commissioned a Baltimore flag maker named Mary Pickersgill and her 13-year-old daughter Caroline to sew the flag that came to be known as the Star-Spangled Banner. It cost the military $405.90.

After the battle that Key witnessed, Armistead probably just took the banner home with him, says Lonn Wood Taylor, the museum's historian for the conservation project. The flag was passed down in the Armistead family until 1907, when Eben Appleton, Armistead's grandson, loaned it to the Smithsonian Institution in Washington. 

Appleton made the flag a permanent gift in 1912, but before it was displayed, the Smithsonian hired a Boston flag restorer named Amelia Fowler to apply her patented sewing technique to the banner. She and a team of seamstresses removed an old canvas backing that had been sewn on in 1873 and stitched on a new linen backing, using thread dyed to match the stars, stripes, and blue field.

By stitching through the fabric, Fowler and her assistants put a dense network of linen thread on the front of the flag, says Taylor. The colors of those threads have faded, producing a dingy look. Structurally, they're troublesome too. 

"Linen was a good choice, since it's durable and there's not much elongation," he says. "The inconsistency of the stitching, however, becomes a problem over time." The heavy backing, because it pulls on some areas of the flag more than others, may have weakened the fabric, so conservators have decided to remove it.

A foot-square patch of red where the conservators have snipped the stitches looks much brighter than the rest of the stripe surrounding it. Unrolling the flag as they go, the museum workers plan to clip every one of the estimated 1.7 million stitches that hold on the linen backing. Given that there are 12 to 14 stitches per square inch and that conservators can snip "3 square feet on a good day, 1 square foot on a bad day," says Taylor, that effort alone will take at least a year. 

The linen backing will then be history, but the conservators have yet to decide what kind of backing or support for the flag they will use. In fact, they are taking advantage of the snipping period to plan many details of the project's later stages.

The undertaking's main objective is to stop the flag's deterioration. The fact that the Star-Spangled Banner stayed in private hands for so long and was displayed only on patriotic occasions probably saved it from completely falling to pieces, historians speculate. However, the Armisteads did indulge requests from War of 1812 widows who wanted to bury their husbands with a piece of the flag, a practice known as "souveniring," says Thomassen-Krauss. Consequently, the banner is shorter than it was originally.

The Smithsonian displayed the flag in its Arts and Industries Building until 1964, when it moved the banner to its current home across the National Mall in Washington. There, the flag hung in the entrance hall, exposed to pollution blowing in from the street, dirt coming off millions of visitors, and oily grime floating up from machinery such as escalators. In 1982, the museum gently vacuumed the surface to remove surface particles, but the flag clearly needed more extensive care.

In 1996, a group of 50 experts convened at the museum and hatched a plan to preserve the Star-Spangled Banner. A crucial first step was to assess the damage in detail.

"It's hard to know with an artifact this size what the condition is beyond the level you can see with the eye," says Thomassen-Krauss. "It's easy to say that it's just made of cotton and wool, but [after years of environmental stress] every fiber is different." 

Art historians have long used infrared imaging of small samples to authenticate pigments of paintings (SN: 3/13/99, p. 166). Thomassen-Krauss turned to this technique, both its conventional form and a technology that scientists at NASA's Goddard Space Flight Center in Greenbelt, Md., had developed to examine distant planets. 

Wool is a protein like hair. When moist wool gets a dose of sunlight and oxygen, the fibers essentially get split ends, Thomassen-Krauss says.

To assess the damage to the flag, wool researchers Ian Weatherall and Fenella France of Dunedin, New Zealand took small fiber samples for analysis by infrared spectrometry, electron microscopy, mechanical testing, and determination of amino acid content. 

Furthermore, the New Zealand researchers have teamed up with scientists at the USDA's Eastern Regional Research Center in Wyndmoor, Pa., to conduct a lab study to learn more about how light weakens wool. Conservators can use such information to better preserve wool artifacts, such as the flag.

The scientists plan to expose coarse wool fibers-resembling those in the Star-Spangled Banner-to artificial sunlight. Using infrared spectrometry, they will correlate photochemical damage with the fibers' loss of strength.

"Light degradation is a very powerful process," says William N. Marmer, who heads the Hides, Lipids, and Wool Research Unit in Wyndmoor. His co-worker on the project, textile scientist Jeanette M. Cardamone, also serves on a committee for the preservation of the Shroud of Turin.

Like museum conservators, the wool industry might reap some benefits from the project. It might learn how to protect wool draperies, carpets, and upholstery, all of  which tend to disintegrate after too much sun.

The study could even explain what happens to wool while it's still on the sheep. The ends of the wool are always exposed to the sun, says Marmer. That leads to a condition called tippiness. "The ends of the fiber behave differently in dyeing and are weaker than the rest of the fiber," he explains. 

While Marmer and Cardamone work with infrared spectrometers that only scrutinize small samples, Goddard scientists are using a camera they recently developed  that can take images of large objects like the Star-Spangled Banner. 

John J. Hillman and David Glenar had devised a camera called the Acousto-Optic Imaging Spectrometer, which uses sound waves to select infrared wavelengths. Used with telescopes on Earth or as an instrument on board a spacecraft, the camera can identify chemical compounds by the characteristic ways in which they reflect infrared light. The Goddard team is developing the technology to go into an instrument that could determine the mineral composition of rocks on Mars.

Testing the camera on an old, stained tapestry, Hillman says, "I demonstrated that there were oil signatures that were invisible to the naked eye." The infrared camera can also identify spots that collect moisture from the air, which leads to damage of the wool fibers. 

The Goddard device measures reflected light in the near-infrared range instead of the thermal infrared, heat-related light emitted by an object. Conventional spectrometers that rely on this longer-wavelength thermal infrared "cannot identify contaminants on the flag because they are the same temperature as the flag itself," says Thomassen-Krauss.

Because of logistics, Hillman had to do his analysis while the flag still hung in the museum. Devising a method to take images of the three-story flag "took a lot of orchestrating," says Hillman. 

A lighting designer at the National Air and Space Museum created a scaffold for the camera and a light bar that could be raised and lowered on an elevator mechanism. "It was a trellis of lights-like a theatrical rock concert," says Hillman. The lamps, filtered to remove all extraneous ultraviolet and visible light, gave the flag "an eerie red glow," he adds.

Hillman divided the flag into 72 sections and took about 30 shots of each at different infrared wavelengths over two intense weeks in November 1998. He marvels at the proximity of his subject. "Here's this monstrous flag," Hillman exclaims. "Not only is it on the same planet, but it's in the same room. As an astronomer, I'm not used to that."

Although exciting, taking the images was only the first hurdle. The data from the nearly 2,500 images will take most of the summer to analyze fully, he says.

Although in need of a good laundering when it was taken down from the museum entry hall after Hillman's work, the Star-Spangled Banner couldn't simply be dropped off at the dry cleaners. In December 1998, museum employees gingerly laid it flat on a temporary platform for an inspection. The conservation team drew a map of all the holes, tears, and stains on every square inch of the flag.

Conservators found Armistead's signature on the flag, as well as a needle left from its 1914 restoration. A puzzling red chevron on one of the white stripes, Taylor thinks, was an aborted attempt to sew the Armistead family monogram onto the flag. "The surface of the flag is like an archeological dig," he says. "It contains traces of everything that happened to it."

From its years of hanging in the museum, the banner has collected enough dust and grime to make a vacuum cleaner salesman jump for joy. One of Thomassen-Krauss' colleagues says that micrographs of the dust collected from the surface look like "Bourbon Street after Mardi Gras."

The conservators gave the flag a light vacuuming before they wound it onto a big cardboard tube like a giant roll of paper towels. They then moved it upstairs into a new conservation laboratory that doubles as an exhibit.

The lab is a huge, climate-controlled clean room not unlike ones used to make computer chips. A large, adjustable table supports the flag as conservators care for it. A gantry, or rolling bridge, hovering above the table allows up to seven conservators to work, lying flat on their stomachs, just 4 inches from the flag's surface. 

The bridge won't deflect or vibrate, says Anthony Maher, a Washington-based project manager from the architectural and engineering firm KCF-SHG, which designed the room. A steady platform helps prevent workers from damaging threads of the flag as they work on stitches and stains.

The amount of illumination in the lab is kept low-as dim as the dawn's early light, one might say. Filters over lightbulbs remove ultraviolet radiation, and light reaches the flag only indirectly after bouncing off the walls. "Light probably causes the most damage over time," says Thomassen-Krauss. Visitors can peer into the lab through a glass wall. 

On the basis of what the infrared camera has found, the conservators will choose cleaning fluids for each stain. Workers will drip the fluids through the fabric and remove the fumes and dirt with large "elephant noses," hoses connected to a powerful exhaust system.

The conservators still aren't sure how they will eventually protect and display the newly freshened flag. "Research is ongoing," says Thomassen-Krauss. 

The museum might sandwich the banner between two layers of a sheer, meshlike fabric and stitch them together through the flag's holes and tears. Conservators are also thinking about eventually encasing the relic in a sealed chamber filled with an inert gas, such as neon, to prevent oxidation. 

Until then, museum visitors can watch the conservators at work. If everything goes according to plan, their treatment will ensure that the Star-Spangled Banner gallantly waves for generations to come. 
n

From a custom-made gantry, conservators examined and vacuumed the Star-Spangled Banner last December after taking it down from its display at the Smithsonian's National Museum of American History. They later rolled up the flag and moved it to a specially built lab for more-detailed work. 

Flag restorer Amelia Fowler led a team of seamstresses in attaching a linen backing to the Star-Spangled Banner in 1914. They made an estimated 1.7 million stitches-all of which will be removed during the current preservation project.

A sample of dust vacuumed from the Star-Spangled Banner includes clay particles, vegetable matter, synthetic fibers, and lint magnified 300-fold. 
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