A Beautiful Mind—Sylvia Nasar. Madness can equate with genius. It has for mathematician John Forbes Nash Jr. On the academic fast track during his twenties, Nash’s reputation as an eccentric genius flourished on the campuses of Princeton and MIT, where he hobnobbed with Albert Einstein and formulated a profound contribution to game theory. At the age of 30, he experienced a catastrophic breakdown triggered by schizophrenia. His life spiraled out of control, and his achievements became footnotes until the 1990s, when he miraculously emerged from his insanity. Subsequently, he was awarded the Nobel Prize for economics. Nasar’s biography charts Nash’s remarkable story to the present day. Originally published in hardcover in 1998. Touchstone, 1999, 459 p., b&w plates, paperback, $16.00. art 7/25/98 

Cat Breeds of the World—Desmond Morris. If you happen to be curious about the origins of the Persian cat—there are nine varieties—this encyclopedia of 100 domestic breeds of cats will answer your questions about cat origins and history, as well as associated myths. Each entry defines a pedigree by virtue of breeding, personality, and colors and patterns. Color photos accompany most entries, which cover several cats just emerging as recognized breeds. Viking, 1999, 256 p., color photos, hardcover, $25.95. 

Context Is Everything: The Nature of Memory—Susan Engel. As demonstrated in high-profile courtroom cases in recent years, what people recall can vary dramatically according to context. Whether with intent, as a coping mechanism, or as a way of preserving respectability, all of us subconsciously manipulate our memories. Engel surveys the burgeoning field of memory research in order to assess the individual roles of place, company, purpose, and situation in recall. In her effort, she distinguishes the ways in which we define memory for each other. WH Freeman, 1999, 188 p., hardcover, $23.95. 

First You Build a Cloud: And Other Reflections on Physics as a Way of Life—K.C. Cole. With a focus on the “old stuff,” as she calls it, Cole examines the fundamental properties of the physical world and how they infiltrate culture, language, and our overall worldview. Convinced that philosophy and science are inseparable pursuits, Cole sets about bringing the highest orders of physics to the masses. With the boldness to ask even the most simplistic questions, she imparts an understanding of relativity, quantum mechanics, resonance, and more. Frequent references to the words of this century’s foremost physicists aid Cole in rendering these issues from their viewpoint. First You Build a Cloud is a revised and expanded version of an earlier text titled Sympathetic Vibrations. HarBrace, 1999, 231 p., b&w photos/illus., paperback, $13.00. 

The Hidden Forest: The Biography of an Ecosystem—Jon R. Luoma. It is hard to imagine, but deep in the heart of Oregon lie 16,000 acres of primal forest where virtually every living, and many dead, things have been tagged and excruciatingly detailed for the past 30 years. In the Andrews Experimental Forest, hundreds of scientists in a multitude of disciplines thus seek to define the biodiversity and working elements of the ecosystem. Originally developed as a research lab for the logging industry, the forest has become a tool for squelching destructive logging efforts, as researchers come to understand the importance of the various components of an aged forest ecosystem. Luoma reports on an array of scientific endeavors at Andrews and how these efforts are leading to a new kind of sustainable forestry. H Holt & Co, 1999, 228 p., hardcover, $25.00.

In a Desert Garden: Love and Death Among the Insects—John Alcock. Transplanted to arid Tempe, Arizona, Alcock replaced his conventional yard with a xeri-scaped landscape and installed a compost heap, a vegetable garden, and assorted cacti, which invited a parade of insects to take up residence. Alcock displays a biologist’s obsession with the small ecosystem outside his house and the habits of its earwigs, whiteflies, and twig caterpillars. He ably turns a seemingly uneventful habitat into an engaging realm. Originally published in hardcover in 1997. U AZ Pr, 1999, 186 p., illus., paperback, $17.95.

Travels to the Nanoworld: Miniature Machinery in Nature and Technology—Michael Gross. Imagine structures with lengths registered in billionths of a meter, so small as to be invisible even with a microscope. Muscles are naturally powered by nanomachines consisting of the proteins actin and myosin. Equally small chromosomes precisely render genetic identity. Gross reveals how nature has mastered such reductionism many times over and how scientists hope to match it. Synthetic macromolecules that function as well as their natural counterparts, better nuclear particle accelerators, microsized reactors for synthesizing chemicals, and improved pharmaceuticals are examples. Plenum, 1999, 254 p., b&w illus., hardcover, $25.95. 

Why We Age: What Science Is Discovering about the Body’s Journey through Life—Steven N. Austad. Zoologist Austad focuses here on the evolutionary reasons for aging and death, but he also goes a long way toward explaining the aging process. In revealing strides by physicians and biologists in longevity research, Austad explains why the life span of a U.S. citizen has increased by 35 percent in the last 100 years, how animals age, and other puzzles. Meanwhile, he criticizes some new claims of extending life. Originally published in hardcover in 1997. Wiley 1999, 244 p., paperback, $16.95.

Farm physics

In your article “A call for more college science and math” (SN: 4/10/99, p. 239), you report on the findings of an expert panel that concluded that undergraduates should be required to take more science and math courses to help them make “technically competent decisions about their health, communities, and economic lives.” As someone with multiple physics degrees, I can state from experience that very little I learned in my math and science courses is much help in making such decisions. When I worked on a friend’s farm, I learned more about health, communities, and economic lives than I did in any college course. Perhaps we should require more farmwork from college students.

David Mantell

Rochester, N.Y.

Hard-hearted reality

The correlation of coronary artery atherosclerosis with hostility (“Bad attitude may be bad for heart,” SN: 4/17/99, p. 255) fills in the causal chain shown by J.C. Barefoot, W.G. Dahlstrom, and R.B. Williams in 1983. Medical students scoring high on the hostility scale of the Minnesota Multiphasic Personality Inventory had markedly elevated coronary risk when followed up 25 years later. Similar results were obtained by Barefoot and others in a 1989 study of law students.

Paul E. Meehl

University of Minnesota

Minneapolis, Minn.

It’s all in the water

In response to the report “Souping up and other tricks produce satiety” (SN: 4/24/99, 

p. 261), I’d like to suggest that the ineffectiveness of drinking water in providing satiety, as opposed to water used to ‘soupify’ the casserole, may be a result of swallowing compared with chewing.

Maybe power to satiate depends on both amount of chewing and the volume ingested. It would be interesting to test this possibility by checking whether the amount of chewing correlated with portion size in the second study reported in this article.

Louis A. Mulieri

Hinesburg, Vt. 

I noted that the article concluded that water in different forms may have different effects on satiety. I think an alternative hypothesis is more attractive: In the process of soup making, chemicals are leached out of the vegetables into the water. I suspect that the chemical leached out is magnesium. Magnesium is known to induce satiety. To confirm this hypothesis, cholecystokinin levels and caloric intake could be measured after soups with differing levels of magnesium are administered.

On hearing of the soup experiment a few months ago, I started several of my patients on soup with meals and magnesium supplements. Not enough time has yet passed to assess the effects.

Stephen Holland

Peoria, Ill.

CORRECTION

In “What’s that smell?” (SN: 5/15/99, 

p. 316), the statement that choline is an amino acid and a protein building block is wrong. Nevertheless dietary restriction of choline, a B-complex vitamin, can control the odor associated with trimethylaminuria.

Altered Antibody Boosts Transplants

The immune system takes a dim view of transplants. Any tissue or blood that doesn’t come from an identical twin counts as foreign matter to be destroyed. Treatment with immune-suppressing drugs can counteract such rejection, but it leaves the individual vulnerable to cancer or other ills. Even with drug treatment, many patients reject transplants. 

At the core of this reaction is a molecule called CD154. It signals T cells—the immune system’s shock troops—to spring into action against transplants. Two studies in rhesus monkeys now show that a drug called hu5C8 can waylay this attack without shutting down the rest of the immune system. The antibody binds to CD154, blocking the chain reaction that would have led to overzealous manufacture of T cells. 

In a study described in the June Nature Medicine, scientists gave nine rhesus monkeys kidney transplants from unrelated donors and also intravenous doses of hu5C8, which is made by Biogen in Cambridge, Mass. Previous studies showed that this genetically engineered version of a human antibody might block T cell activation (SN: 8/9/97, p. 84). 

One of the nine treated monkeys died of unrelated causes, but the other eight are thriving with their transplanted kidneys. Five of these animals completed their 5-month regime of antibody treatment about a year ago, says study coauthor Allan D. Kirk, a transplant surgeon at the Naval Medical Research Center in Bethesda, Md. 

Four other monkeys, which received a transplant but not the antibody, rejected the transplanted kidneys within 8 days. Eleven monkeys getting a combination of the antibody and standard immune-suppressing drugs showed mixed results—some rejected the organs, others didn’t. 

In a separate study, researchers removed the pancreases of six rhesus monkeys and then gave them hu5C8 along with new pancreatic islet cells from unrelated donors. The transplanted cells, placed in the monkeys’ livers, weren’t rejected, says study coauthor Norma S. Kenyon, a transplant immunologist at the University of Miami School of Medicine. Two monkeys that didn’t receive the antibody rejected islet cells.

This study, to be published this summer in the Proceedings of the National Academy of Sciences, raises hopes for diabetes patients. Islet cells normally make the hormone insulin, and the transplanted cells started producing it immediately. The experiment suggests a means to reverse type 1, or juvenile-onset, diabetes, a condition in which islet cells are destroyed. “I don’t want to raise false hopes, but I think this is a very big step forward,” Kenyon says.

In a study of baboons to be published soon in Diabetes, Kenyon and her colleagues show that hu5C8 also reversed rejection in four baboons that had earlier received islet-cell transplants. 

“This is an exciting drug,” says Mitchell L. Henry, a surgeon at Ohio State University in Columbus. He’s impressed that two types of organ transplants succeeded.

In all these experiments, the antibody’s precise role remains a mystery.

“Our immune system didn’t evolve [just] to keep us from getting transplants. It is aimed at infectious pathogens,” says endocrinologist David M. Harlan of the Naval Medical Research Center in Bethesda, Md., who participated in all three studies, as did Kirk. Transplant rejection may simply be a case of mistaken identity, and CD154 may somehow remedy the problem. 

Evolution may have provided compounds that act as shutoff switches each time T cells are produced to mount an attack, Harlan suggests. The antibody hu5C8 may somehow tap into that mechanism, he says. 

This model could explain why suppression drugs hampered hu5C8’s effectiveness in the kidney-transplant experiment. The drugs could be keeping T cells from processing a shutoff signal, Kirk says. 

“The lesson is that we must choose our signals carefully, not simply block them all,” says Polly Matzinger of the National Institute of Allergy and Infectious Diseases in Bethesda, Md., writing in Nature Medicine. 
—N. Seppa 

Two new elements, numbers 116 and 118, have winked briefly into existence during high-energy impacts inside a particle accelerator, scientists announced this week. The not-yet-confirmed findings may spark even more element discoveries this year, several researchers say, that may spill from the heavy end of the periodic table of elements like fruit from a cornucopia.

Out of that horn of plenty, experimenters later may pluck long-predicted, extraordinarily stable, superheavy isotopes, the findings suggest. Isotopes are versions of an element that differ only in their numbers of neutrons.

The discoveries are “really very exciting news,” comments Sigurd Hofmann of GSI, the German center for heavy-ion research in Darmstadt. Experiments have begun there this week to attempt to duplicate and improve upon the results, he says.

Victor Ninov of Lawrence Berkeley (Calif.) National Laboratory led a team of government and university scientists in the recent experiments. By pummeling a lead target for more than 10 days with roughly a million trillion krypton ions, the team made three atoms of 118, which quickly decayed into 116, 114, and other elements.

Prevailing wisdom held that the approach wouldn’t work because it involved hurling unusually heavy particles against the target. The team tried anyway, encouraged by the calculations of Robert Smolanczuk, a Fulbright scholar from the Soltan Institute for Nuclear Studies in Warsaw, Poland, who is working at the Berkeley lab. 

“By golly, the miracle did happen. It’s really exciting,” says the lab’s Albert Ghiorso.

Given the surprising success of the approach, Ken Gregorich, also of the Berkeley lab, expects researchers there, at GSI, or in Russia soon to fire krypton at bismuth to make element 119. Because 119 would decay into the yet-undiscovered 117, 115, and 113, science could gain four new elements in one fell swoop. “It will happen somewhere before the end of the year,” Gregorich predicts.

In the Berkeley experiments, the isotopes of 116 and 118 lasted only about 1.2 milliseconds and 200 microseconds, respectively. Nonetheless, their lifetimes were long enough to indicate that current investigations are converging on a cluster of exceptionally stable superheavy isotopes. Such isotopes may survive many years. 

Heavy-element researchers say that this cluster inhabits an island of stability in a sea of short-lived isotopes.

The new discoveries follow closely upon the first sighting of element 114 by a Russian-American group (SN: 2/6/99, 

p. 85). That experiment was hailed as the first to reach the stability island.

“It’s exciting, of course, because [the isotopes of 116 and 118 are] also on the edge of this superheavy element island,” says Ron Lougheed of Lawrence Livermore (Calif.) National Laboratory, who was a member of the Russian-American team. The island may harbor “a whole new chemistry” that can be explored if its isotopes last long enough, he says.                                         —P. Weiss

Prehistoric bacteria revived from buried salt

Hundreds of millions of years ago, before dinosaurs roamed the planet, an ocean rippled where the sun now bakes a New Mexico desert. As that seawater evaporated, its salt crystallized, sometimes trapping pockets of brine. 

Covered by sediments over the years, those salt deposits currently sit half a mile below the desert floor. Microbiologists who have procured samples of the salt crystals and carefully tapped into the pockets, called inclusions, now claim to have isolated and revived bacteria that were last active 250 million years ago.

If true, the finding may shed light onto issues such as how life on earth evolved, where signs of life—past or current—on Mars might be found, and how long life-forms can survive.

“These organisms could very well be 250 million years old,” says Raul J. Cano of California Polytechnic State University in San Luis Obispo. Four years ago, Cano’s research group reported isolating living bacteria from the guts of dead insects entrapped in amber for up to 125 million years (SN: 5/20/95, p. 308).

That work, however, continues to draw skepticism from some scientists, who dismiss the idea that organisms can survive for eons. The new claims of ancient bacteria by William D. Rosenzweig and Russell H. Vreeland will likely provoke similar reactions. The two researchers, from West Chester (Penn.) University, head a group that for many years has been developing techniques to isolate bacteria from salt deposits without risking outside contamination. 

Working in air-filtered laboratory facilities used previously for handling viruses such as HIV but not bacteria, the investigators sterilize the surfaces of their salt crystals with hydrochloric acid and sodium hydroxide. They then carefully drill into pockets within the crystals, withdraw the brine inside, and try to cultivate bacteria from the liquid. For the recent experiments, they procured crystals from the ancient salt deposits within the Waste Isolation Pilot Plant, a controversial underground holding facility for low-grade nuclear waste near Carlsbad, N.M. (SN: 11/1/97, p. 277).

At last week’s meeting in Chicago of the American Society for Microbiology (ASM), the research team reported hitting pay dirt. 

From brine in several different salt crystals, the scientists have grown novel spherical bacteria belonging to the genus of spore-forming microbes called Bacillus. Laboratory studies have shown that the bacteria can indeed form spores, which may explain their survival for hundreds of millions of years.

The researchers have identified an even odder microbe from the site, although they aren’t as confident of its age. They cultivated the rod-shaped organism directly from dissolved salt crystals rather than from an inclusion.

The molecular contents of the second microbe’s membrane suggest that it belongs among the archaea, the so-called third branch of life (SN: 8/24/96, p. 116). This reddish microorganism needs salt to maintain its cell membrane. Other salt-dependent archaea, called halobacteria, reside in such places as the Dead Sea and the Great Salt Lake.

Curiously, the newly isolated microbe derives energy only from molecules with a small number of carbon atoms, such as glycerol, acetate, and pyruvate. It has no use for more complex nutrients, such as glucose or amino acids. “It grows really well, but only on a limited diet,” says Vreeland.

This simple metabolism, the researchers speculate, may reflect that of the ancient microorganisms first inhabiting the planet. The scientists have so far been unable to match the microbe’s DNA to that of known creatures. “It’s screaming how old it is,” says Rosenzweig .

Yet proving the age of bacteria found in ancient salt deposits is no easy task. One major concern centers on whether the fluid-filled inclusions formed when the original salt deposited or later, when heat, vibrations, or other events caused recrystallization. 

“You have to be absolutely certain that the piece of salt . . . is 250 million years old and not just 100,000 years old or 20 years old,” notes William D. Grant of the University of Leicester in England, who also examines ancient salt deposits for bacteria. He recommends that the researchers date the inclusions by analyzing the elements in the fluid they contain. 

Vreeland counters that the New Mexico salt formation is one of the best-dated and most thoroughly studied and that his team worked with geologists to develop rigorous criteria for identifying original inclusions. From 220 kilograms of salt taken from the site, only 20 to 30 crystals, totaling less than 100 grams, met their requirements, he notes.

No matter how strict the precautions, some scientists dismiss all claims of ancient bacteria as modern contamination. “People are just going to laugh if you get Bacillus out of salt because Bacillus is everywhere,” admits Grant.

Indeed, in the 1960s, a researcher named Heinz J. Dombrowski claimed to have revived Bacillus and other bacteria from salt deposits more than 500 million years old. Other scientists ridiculed him. “He was probably right, but he was ahead of his time,” Grant now reflects.

Since then, microbiologists may have become more willing to accept claims of microbes lasting for eons since they have already identified organisms that thrive despite massive radiation, extremely cold and hot temperatures, and long periods without water. “A lot of paradigms about what life can and cannot do are coming apart now,” notes Richard B. Hoover of NASA’s Marshall Space Flight Center in Huntsville, Ala.

If the salt-derived microbes are hundreds of millions of years old, comparing their DNA with that of modern organisms should prove illuminating. “You can actually look at evolution on a molecular basis and do molecular paleontology. You’re not dealing with just bones, but with genes,” says Hoover.

NASA’s  interest in ancient salt deposits arises because Mars and Jupiter’s moon Europa once had oceans and may have similar salt formations (SN: 11/1/97, 

p. 284). Missions searching for signs of extraterrestrial life might therefore target those deposits.

Meanwhile, the debate over ancient bacteria will persist. “There’s going to continue to be healthy skepticism,” says Melanie R. Mormile of the Pacific Northwest National Laboratory in Richland, Wash., who herself described 97,000-year-old salt-derived microbes at the ASM meeting, Whenever anyone claims they have revived organisms that are millions of years old, she says, “you’ve got to sit back and go, ‘Wow, that’s incredible. How can that be?’ “ 
—J. Travis

Spore formed by an allegedly ancient Bacillus bacterium.

By drilling a channel (arrow) into pockets of ancient seawater trapped in salt crystals such as this one, scientists found bacteria that may be 250 million years old.  

Streambed bugs eat gasoline pollutants

Microbes dwelling in the muck at the bottom of a stream can digest certain pollutants before they well up into the water, a new study finds. 

Scientists have determined that microbes in sediment can dispose of methyl tertiarybutyl ether (MTBE) and tertiarybutyl alcohol (TBA). The two compounds are commonly added to gasoline to reduce vehicle emissions of carbon monoxide, an air pollutant. However, MTBE and TBA contaminate drinking water supplies in various ways, and the Environmental Protection Agency has classified MTBE as a possible human carcinogen. 

The new finding should help environmental engineers more accurately assess the threat posed to streams by MTBE, says James E. Landmeyer. He, Paul M. Bradley, and Francis H. Chapelle, all of the U.S. Geological Survey in Columbia, S.C., report their findings in the June 1 Environmental Science and Technology.

“There has been considerable concern that this compound doesn’t degrade,” says Robert C. Borden of North Carolina State University in Raleigh. “If [the finding] turns out to be true, that would be very encouraging.” 

The USGS scientists looked at two sites in South Carolina where gasoline that contains MTBE had leaked from underground storage tanks. The researchers took sediment from nearby streambeds to their lab for testing.

They added radioactively labeled MTBE and TBA to the samples and traced the breakdown of the compounds into carbon dioxide. Over about 3 months, organisms—probably bacteria—in the sediment degraded up to 73 percent of the MTBE and 84 percent of the TBA. In contrast, if the scientists removed oxygen or heated the sediment to kill all the microbes, the pollutants remained intact. 

Other groups have found bacteria that feed on MTBE in special environments, such as sewage sludge. “This study is the first to show that it happens in a natural system,” Landmeyer says.

MTBE also enters the environment through gasoline spills and evaporation at the pump. The evaporated pollutant returns to Earth in rainwater, which soaks into the ground and eventually seeps up through streambeds.

“Bacteria in the groundwater don’t have the correct digestive systems to degrade MTBE,” Landmeyer notes, nor do they have access to oxygen.  “But once MTBE reaches the stream, the bacteria just gobble it up.” To microbes used to feeding on decaying leaves and such, MTBE “is just another organic compound to chew on,” he says.

The evidence is convincing, but it’s only part of the picture, comments Robert M. Cowan of Rutgers University in New Brunswick, N.J. A study of this duration, says Cowan, prompts a question: Is the rate of degradation fast enough to destroy pollutants as they flow through sediments in streams? “They haven’t taken it to that point yet,” he remarks.

 The results, though encouraging, don’t mean that people can rest easy about MTBE, Landmeyer cautions. Water in underground wells and rain that falls directly onto a stream won’t benefit from this microbial filter. 
—C. Wu

Elderly show their emotional know-how

Scientists have documented a depressing list of memory and intellectual losses that mount as healthy adults advance into old age. A new study indicates, however, that when it comes to dealing with emotions, seniors rule.

From young adulthood to well past retirement age, positive emotions occur at a fairly constant rate, while the frequency of negative emotions declines markedly, a research team finds. Adults of all ages cite comparable intensities for the entire spectrum of emotions.

After bottoming out at around age 60, the amount of negative emotion experienced from day to day slowly rises, but it stays well below the peak level of people in their early 20s, reports psychologist Laura L. Carstensen of Stanford University, who directed the investigation.

Moreover, positive emotions linger longer, and negative ones make briefer intrusions as adults age, she says. Older people also tend to experience richer mixes of feelings, such as simultaneous anger at and affection for a close friend.

Carstensen described her investigation last week in Denver at the annual meeting of the American Psychological Society.

“These findings support growing evidence that older people regulate their emotional states better than younger people,” the Stanford researcher holds.

An earlier study, for instance, found that elderly spouses display particular expertise at reining in negative emotions while discussing trouble spots in their marriages (SN: 9/13/97, p. 175).

Carstensen’s team recruited 184 individuals ranging in age from 18 to 84 years. Each participant carried an electronic pager for a week. At 35 randomly chosen times during days and evenings, the researchers paged each one. Using a response sheet that listed 19 emotions, the volunteer described the nature and intensity of his or her current emotions. Participants mailed their sheets to the researchers daily.

As adulthood progresses, a growing sense of having limited time left in life creates interest in promoting the emotional quality of established relationships, Carstensen theorizes. Younger people, who think of themselves as having lots of time yet to live, often sacrifice emotional depth to pursue a broad range of contacts and experiences, she proposes.

Still, young adults can also respond to a sense of having limited time, according to Carstensen. For instance, college seniors approaching graduation may spend their free time with their best friends rather than trying to make new acquaintances, as they had in past semesters. 

However, this process operates most strongly in old age, Carstensen holds. In another study that she directed, only the elderly volunteers expressed a pronounced desire to develop close emotional ties to a wide variety of people.

 “It’s encouraging that older people are often doing well at emotional regulation despite their personal losses,” comments Philip A. Cowan of the University of California, Berkeley.                           —B. Bower

Controversy simmers at atomic-waste site

Deep within the parched landscape of southwest Nevada, scientists are analyzing the geologic personality of an unassuming ridge called Yucca Mountain. At issue is whether the bald, elongated promontory has a stable character—steadfast enough to house the highly radioactive waste generated by nuclear power plants across the United States. The range must lock up this hot debris for the next 10,000 years.

During the past 15 years, hundreds of geologists have crawled over Yucca Mountain, making it the best-studied piece of real estate on the planet. Recently, however, a debate has erupted over some curious events discovered in the mountain’s past that could signal an underlying restlessness in its constitution. 

“The implications of this finding can be very serious for the [planned] repository,” says Yuri V. Dublyansky, a Russian geologist studying Yucca mountain under contract with the state of Nevada, which opposes the repository.

Scientists with the U.S. Geologic Survey counter that the unruly behavior was confined to Yucca Mountain’s infancy, millions of years ago, and has no bearing on its current character. The Department of Energy (DOE), which oversees the investigation into Yucca Mountain, is now conducting an independent review of Dublyansky’s controversial findings, hoping to resolve the scientific wrangling. The two sides discussed their work last week at a meeting of the American Geophysical Union in Boston.

Yucca Mountain is the only site currently under consideration as a repository for spent nuclear fuel. DOE began studying the ridge in the mid-1980s and had intended to open the facility by 1998. Although it has yet to finish assessing the site, DOE last December issued a report concluding that no “showstopper” had emerged in its studies to date.

The plans call for canisters of nuclear waste to reside in the mountain’s heart, within rooms cut out of the volcanic rock formations 300 meters below the summit. This would keep the waste hundreds of meters above the water table, preventing the radioactive elements from leaking quickly into the groundwater.

The current debate centers on the 

history of water within the mountain. Dublyansky, a researcher at the Institute of Mineralogy and Petrology in Novosibirsk, Russia, claims that hot brines have surged upward in geologically recent times, reaching a level that would flood the repository. 

His evidence comes from microscopic pockets of water and air, or inclusions, within calcite growing along cracks and cavities. The inclusions serve as tiny thermometers, says Dublyansky. Heating them causes the fluid to expand and the air to dissolve. The point at which the bubbles disappear indicates the temperature of the fluids that formed the crust. 

Such tests suggest that the fluid temperatures ranged from 35¡ to 80¡C, says Dublyansky. The only possible source of such hot water, he says, lies deeper in the crust. Earthquakes or other geologic instability must have forced the warm water upward hundreds of meters, and such events have occurred repeatedly to build up the calcite layers, he claims.

The USGS researchers dispute Dublyansky’s conclusions. They have studied the calcite and other crusts by analyzing the ratio of two different oxygen isotopes in the minerals. They have also dated the deposits using the radioactive decay of natural uranium in the minerals. 

The isotopic thermometers, they say, record high temperatures only early in the history of the Yucca Mountain rocks, which formed during eruptions more than 10 million years ago. The layers created by such hot fluids “were likely deposited shortly after the cessation of volcanic activity in the region,” says James B. Paces of the USGS in Denver. 

Paces and his colleagues contend that the crusts grew from rainwater percolating down through the mountain, rather than from upwelling hot fluids. They note that mineral crusts appear only on the bottom face of sloping cracks and not on the upper face or on the roofs of cavities. Below the current water table, mineral growths coat all surfaces of fractures and cavities, Paces says.

“We feel very comfortable with the conclusions that we’ve drawn,” says Joseph F. Whelan of the USGS. “But the potential consequences of Dublyansky’s hypotheses are serious enough that it definitely needs to be resolved.” Dublyanksy, the USGS, and the University of Nevada are now conducting independent tests on inclusions to assess Yucca Mountain’s true nature.                                 — R. Monastersky

Calcite and opal coating this rock provide clues about Yucca Mountain’s past.

A dark inclusion with a small air bubble.

Besieged tadpoles send chemical alert

Tadpoles have a stinky way of warning each other to hunker down when a predator looms, according to a new study. 

Like many aquatic species, tadpoles use their keen olfactory sense to identify danger, locate good food, and recognize family. Scientists also know that the amphibians, when captured, send out chemical distress signals. Now, researchers have learned that tadpoles that are merely harassed also release such distress 

signals. The new findings show that the signal’s chemistry includes ammonium.

“This is something that, in my opinion, it’s amazing people haven’t discovered earlier,” comments Lee B. Kats of Pepperdine University in Malibu, Calif.

In the recent study, Joseph M. Kiesecker of Yale University and his colleagues put two groups of tadpoles of red-legged frogs in an aquarium partitioned by a screen that blocked visual and acoustic communication between the groups. Water, however, flowed freely through the partition. 

When a wooden heron stalked the tadpoles in one compartment, those on the other side slowed down, moved away from the divider, and ducked under a shelter, the researchers report in the June Animal Behaviour. Undisturbed tadpoles did not elicit these defensive behaviors in their neighbors. The researchers conclude that the beleaguered tadpoles released a chemical signal that penetrated the screen.

“If [such signaling] is a common occurrence, which I think it is, it may be an effective way that prey animals can avoid predation,” says Kiesecker.

Several other water-dwelling animals, including crayfish, hermit crabs, and a fish called the Iowa darter, also release a  chemical distress signal. Researchers have speculated that the agent carrying such signals may be ammonium, a foul-smelling compound that is the animals’ chief metabolic waste.

In further work, which bolsters that idea, Kiesecker’s group observed that disturbed tadpoles release more ammonium than undisturbed tadpoles do. What’s more, when the researchers added ammonium to an aquarium, tadpoles displayed the same defensive behaviors seen in the earlier experiment.

“More and more, we’re becoming aware that tadpoles are sensitive to very, very subtle chemical cues in the environment,” says Richard J. Wassersug of Dalhousie University in Halifax, Nova Scotia. The importance of the new study, he adds, is that it asked the question, “What are the chemicals?”

Kats says that Kiesecker’s findings illustrate the animals’ sensory sophistication, although he notes that the tadpoles’ ability to release signals does not mean the creatures are acting with intention. “Just in the process of being stressed, their metabolism changes and they release ammonium, and then those nearby can pick that up,” he says.

The researchers haven’t yet investigated whether different aquatic species share the same chemical language, whether ammonium combines with other chemicals to send more complex messages, or if signals vary depending on the environment.

“Those are all really, really interesting questions,” Kiesecker says, “but at this point, they’re all the great unknown.” 

                                                  —S. Carpenter

Tadpoles of the red-legged frog send chemical signals when disturbed by a predator.

Fibonacci at Random

Uncovering a new mathematical constant

By IVARS PETERSON

It all started out with imaginary rabbits.

   In a book completed in the year 1202, mathematician Leonardo of Pisa (also known as Fibonacci) posed the following problem: How many pairs of rabbits will be produced in a year, beginning with a single pair, if every month each pair bears a new pair that becomes productive from the second month on?

The total number of pairs, month by month, forms the sequence 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, and so on. Each new term is the sum of the previous two terms. This set of numbers is now called the Fibonacci sequence.

Fibonacci numbers come up surprisingly often in nature, from the number of petals in various flowers to the number 

of scales along a spiral row in a pine cone. They also arise in computer science, especially in sorting or organizing data.

Amazingly, the ratios of successive terms of the Fibonacci sequence 

get closer and closer to a specific number, often called the golden ratio. It 

can be calculated as (1 + Ã5)/2, or 

1.6180339887 . . . . For instance, the ratio 55/34 is 1.617647 . . . , and the next ratio, 89/55, is 1.6181818 . . . .

Now, computer scientist Divakar Viswanath of the Mathematical Sciences Research Institute in Berkeley, Calif., has taken a fresh look at Fibonacci numbers and unexpectedly discovered a new mathematical constant: the number 1.13198824 . . . . He describes his result in a paper to be published in Mathematics of Computation.

Viswanath’s research represents an intriguing gateway to heavy-duty mathematics, says mathematician Keith Dev-lin of Saint Mary’s College of California in Moraga. It relies on powerful mathematical techniques that also are used, for instance, to elucidate the behavior of disordered materials.

Viswanath wondered what would happen to the Fibonacci sequence if he introduced an element of randomness.

Here’s one way to proceed: Start with the numbers 1 and 1, as in the original Fibonacci sequence. To get the next term, flip a coin to decide whether to add the last two terms or subtract the last term from the previous term. 

Suppose that heads means add and tails means subtract. Tossing heads would result in adding 1 to 1 to get 2, and tossing tails would lead to subtracting 1 from 1 to get 0. According to this scheme, the successive coin tosses H H T T T H, for example, would generate the sequence 1, 1, 2, 3, Ð1, 4, Ð5, Ð1.

It’s easy to write a short computer program to generate these random Fibonacci sequences, notes Lloyd N. Trefethen of the University of Oxford in England. Looking for patterns and trends among such sequences of numbers can be a fascinating pastime, he says.

Indeed, infinitely many sequences follow Viswanath’s rule. A few have special characteristics. If the coin always comes up heads, for instance, the result is the original Fibonacci sequence. Other strings of coin tosses can produce a repeating pattern, such as 1, 1, 0, 1, 1, 0, 1, 1, 0, and so on.

Nonetheless, such special cases are sufficiently rare among all possible sequences that mathematicians ignore them. 

The standard Fibonacci sequence has an intriguing property. The hundredth Fibonacci number, for example, is roughly equal to the hundredth power of the golden ratio.

By examining typical random Fibo-nacci sequences based on coin tosses, Viswanath uncovered a similar pattern. He ignored the minus signs, thereby taking the absolute value of the terms. He found that the hundredth term in such a sequence, for example, is approximately equal to the hundredth power of the number 1.13198824 . . . . In fact, the higher the term, the closer its value gets to the appropriate power of 1.13198824 . . .

Despite the element of chance and the resulting large fluctuations in value that characterize a random Fibonacci sequence, the absolute values of the numbers, on average, increase at a well-defined exponential rate.

It’s not obvious that this should happen, Viswanath observes. Random Fibonacci sequences might have leveled off to a constant absolute value because of the subtractions, for example, but they actually escalate exponentially. 

Providing a rigorous proof of the result was a tricky business. To get the answer he required, Viswanath had to delve into several different areas of mathematics, including the intricacies of geometric forms known as fractals, and finish with a computer calculation.

Viswanath’s achievement “showed persistence and imagination of a very high order,” Trefethen remarks.

Now, Devlin adds, “mathematics has a new constant.” No one has yet identified any link between this particular number and other known constants, such as the golden ratio.

Surprisingly, Viswanath’s constant provides one answer to a mathematical puzzle that arose several decades ago from the work of Hillel Furstenberg, now at Hebrew University in Jerusalem, and Harry Kesten of Cornell University.

In a different mathematical context involving so-called random matrix multiplication, Furstenberg and Kesten had proved that in number sequences generated by certain types of processes having an element of randomness, the value of the nth term of the sequence gets closer to the nth power of some fixed number. However, they provided no hint of what that fixed number might be for any particular sequence.

Because random Fibonacci sequences fit into this category of sequences, Vis-wanath’s new constant represents an accessible example of these fixed numbers. 

“It is a beautiful result with a variety of interesting aspects,” Trefethen says. It’s a nice illustration, for example, of how a random process can lead to a deterministic result when the numbers involved get very large.

Moreover, although Viswanath’s result by itself has no obvious applications, it serves as an introduction to the sophisticated type of mathematics developed by Furstenberg, Kesten, and others. That mathematical machinery has proved valuable in accounting for properties of disordered materials, particularly how repeated random movements can lead to orderly behavior, Devlin says.

Such mathematics underlies explanations of why glass is transparent and how an electric current can still pass in an orderly fashion through a semiconductor laced with randomly positioned impurities.

Viswanath’s original work was done at Cornell University, under Trefethen’s supervision. Trefethen and Oxford’s Mark Embree have recently studied slightly modified versions of the random Fibonacci sequence. If, for example, one combines the last known term with half the previous term, adding or subtracting according to the toss of a coin, the sequence’s numbers decrease at a certain rate, displaying exponential decay.

By using fractions other than one-half, it’s possible to find fractions for which one gets exponential decay, exponential growth, or merely equilibrium. “All this quickly gets under your skin when you start trying it on the computer,” Trefethen says, adding that it becomes an addictive pastime.

There’s still plenty of room for mathematical exploration and experimentation in a problem that began centuries ago as a decidedly unrealistic model of a population of rabbits.
n

Fibonacci’s immortal-rabbit problem. A red rectangle designates a newborn pair, which doesn’t produce offspring until the second month.

Despite significant fluctuations, the absolute values of the first 1,000 terms of a typical, computer-generated random Fibonacci sequence show a clear trend to larger values, fitting a pattern of exponential growth (dashed line).

Biology

From Chicago at the annual meeting of the American Society for Microbiology

A toxin at the heart of Lyme disease?

Although scientists recently sequenced all the genes of Borrelia burgdorferi, they’re still struggling to explain how this spiral-shaped bacterium causes the varied symptoms of Lyme disease. Beginning as a simple rash, Lyme disease can go on to cause fatigue, paralysis of the face and limbs, headaches, and even behavioral changes. Sam T. Donta of Boston University School of Medicine and his colleagues now report that the microbe may produce a nerve cell toxin similar to ones made by the bacteria that cause botulism and cholera.

The initial computer-aided scan of the B. burgdorferi genome did not reveal obvious nerve-cell toxins, but such searches are notoriously unreliable, notes Donta’s colleague Mark J. Cartwright. Consequently, the researchers used strands of the DNA of known bacterial toxins to fish out similar genetic sequences within the Lyme bacterium. They found a gene for a possible toxin and showed that its protein induces cells to become rounder, apparently by altering their internal skeleton.

Eventually, nearly 40 percent of cells exposed to this protein die, reports Cartwright. The next task is to prove that the bacterium actually secretes the toxin during an infection, he says.


     —J.T.

One small bacterial genome, to go  

Before attempting to create a new life-form in the laboratory, one group of scientists is pausing to allow reflection on the consequences of such an effort. Their experiment concerns the intriguing issue of how few genes a free-living organism needs (SN: 9/28/96, p. 198).

The bacterium with the smallest known genome, Mycoplasma genitalium, has just under 500 genes. Scientists at The Institute for Genomic Research (TIGR) in Rockville, Md., have been deactivating those genes one by one to determine which are required for life. The final tally stands at around 300 essential genes, says J. Craig Venter, former president of TIGR. 

To test whether these 300 or so genes alone can sustain life, Venter and his colleagues have contemplated making an artificial bacterial chromosome containing only those genes. The biologists would then slip this chromosome into an empty bacterial membrane and see whether their creation springs into action. The researchers have temporarily halted their work to give a group of bioethicists and religious scholars time to develop a report on the implications of the provocative experiment.

There’s no delay, however, in Venter’s controversial plan to quickly sequence all the genes in the human body (SN: 5/23/98, p. 334). His new company, Celera Genomics in Rockville, Md., could have the complete human genome next summer, he says.


    —J.T.

DNA may reveal a fly’s favorite eatery

In the tropics of the Americas and elsewhere, beware the bite of sand flies. These insects, which feast at night, often transmit disease-causing parasites when they procure a blood meal from their victim. Sand flies can infect people with the parasites, called leishmaniase, that cause a family of potentially fatal diseases that afflict an estimated 12 million people worldwide.

The source of the parasites must be another mammal that the sand fly bites. Identifying those natural hosts might help researchers devise better ways to control the spread of the disease. Cristian Orrego of San Francisco State University and his colleagues are using genetic evidence to tackle that challenge. The scientists have already shown that they can isolate hamster DNA from the flies’ blood meals after they allow the insects to feed upon the rodents in the laboratory. They now plan to capture sand flies in Peru, isolate mammalian DNA from the insects, and compare it with the DNA of mammals known to reside in the tropics.


     —J.T.

Astronomy

A bunch of really cool objects

A mammoth sky survey designed to map the location of more than 1 million galaxies and 100,000 distant quasars has uncovered two extremely faint objects—right in our own astronomical backyard. The two dim red dots imaged by the Sloan Digital Sky Survey belong to a class of brown dwarfs, objects too big to be planets but too small to be stars. Another large survey, known as 2MASS (2-Micron All Sky Survey), has discovered an additional four of these enigmatic objects.

Brown dwarfs don’t have enough mass to sustain full-scale nuclear fusion, the process that keeps stars burning. However, they are massive enough—10 to 70 times as heavy as Jupiter—to burn deuterium, endowing them with a gentle glow for the early part of their long lives. 

Follow-up observations of the newly discovered brown dwarfs reveal that all six contain methane, a sign that they are extremely cool. Methane cannot form in objects warmer than about 900¡ C, notes Adam Burgasser of the California Institute of Technology in Pasadena. The low temperatures suggest that the dwarfs have had a long time to cool down and are more than 300,000 years old.

Only one other so-called methane brown dwarf has ever been found. That object, Gl229B, orbits a star. In contrast, each of the six new methane dwarfs travels alone in our galaxy.

Burgasser, with J. Davy Kirkpatrick of NASA’s Jet Propulsion Laboratory in Pasadena, discovered four of the dwarfs among millions of celestial objects imaged with the pair of near-infrared telescopes, one in Arizona and the other in Chile, that comprise 2MASS. Spectra taken with one of the Keck telescopes on Hawaii’s Mauna Kea revealed the methane, the 2MASS team reported on May 31.

Kirkpatrick estimates that the dwarfs found with 2MASS are only 30 light-years from Earth. “Because our telescopes can only see the closest examples, this means the Milky Way must be brimming with objects like these,” he says. David Golimowski of Johns Hopkins University in Baltimore, a member of the Sloan team, calculates that 200 to 400 methane brown dwarfs may lie within 30 light-years of Earth.

Astronomer Gibor S. Basri of the University of California, Berkeley agrees that methane brown dwarfs could be plentiful. They are difficult to detect only because they are extremely faint and show up only in the infrared, he suggests. 

Using the Sloan survey’s 3.5-meter telescope at Apache Point, N.M., Xiaohui Fan and Michael A. Strauss of Princeton University found one of the brown dwarfs earlier this spring, and last month, Zlatan Tsvetanov, Golimowski, and their Johns Hopkins colleagues spied a second one. Other researchers discovered the methane in these two dwarfs by examining spectra taken at the United Kingdom Infrared Telescope on Mauna Kea. The Sloan team reported its findings on May 31 at a meeting in Chicago of the American Astronomical Society.
   —R.C.

Exploring an accelerating universe

Throughout his remarkable career, the late cosmologist David N. Schramm sought to unite the very tiny—the study of elementary particles—with the very big—the origins of the universe. At a recent conference honoring Schramm, NASA Administrator Daniel S. Goldin, along with representatives of the National Science Foundation and the Department of Energy, urged scientists to develop space missions that would explore the profound connections between these two realms.

One such example has just been put on the drawing board. Saul Perlmutter of the Lawrence Berkeley (Calif.) Laboratory proposes a mission that he says could determine unequivocally whether the universe is expanding at an increasing rate, as some recent observations have suggested.

Perlmutter leads one of two teams studying distant type 1a supernovas, a class of exploded stars. These supernovas appear dimmer than would be expected if the universe’s rate of expansion was constant or slowing down (SN: 12/19 & 26/98, 

p. 392). However, researchers have only studied about 100 supernovas and have not ruled out other explanations. For example, distant supernovas might be intrinsically fainter than nearby ones.

 “We’re really trying to nail down the supernova story and make sure that all possible variables are covered,” he says. 

A space-based telescope with a huge field of view—one square degree, or twice the apparent size of the full moon—could within a year hunt down and extensively study 2,000 type 1a supernovas, Perlmutter said at the Schramm memorial meeting, held in late May at the Fermi National Accelerator Laboratory in Batavia, Ill.

Crucial to the proposed mission, which Perlmutter calls SNAPSAT (Supernova/Acceleration Probe Satellite), are the size and sensitivity of its light detectors—large mosaics of solid-state sensors known as charge-coupled devices. Such detectors are now common, but Lawrence Berkeley scientists have figured out a way to stitch together several hundred of the largest ones, allowing for an unusually wide field of view, Perlmutter says. They have also devised a way to manufacture the detectors at less than a fourth their current cost, he adds.      

“It’s a great idea,” says Wendy L. Freedman of the Carnegie Observatories in Pasadena, Calif., who notes that such a mission would avoid the vicissitudes of weather and the atmospheric blurring that plague ground-based studies. Perlmutter notes that if the universe is indeed accelerating,  SNAPSAT may shed light on the nature of the “funny energy” that is driving the cosmos to speed up its expansion




   —R.C.

Astronomical screw-ups

Astronomers are usually eager to get credit for the heavenly pictures they take. At a new Internet gallery, however, each celestial image is anonymous and the scientists who contributed them would like to keep it that way.

It’s not a pretty site. The images are the results of mishaps and goofs at several optical and near-infrared telescopes. 

Those dark streaks around a cluster of stars? Moisture on the solid-state detectors. Stars appear triangular rather than spherical? Too little air in the airbags that support the telescope’s primary mirror. A dark, circular region that moves in synch with the telescope? A dead ladybug in the light path.

Graduate student Kaspar von Braun of the University of Michigan in Ann Arbor and two classmates compiled the astronomical bloopers to help novices—like themselves—learn from mishaps of more experienced observers. 

Most errors, von Braun notes, occur when an observer is “doing everything he or she was supposed to,” but some piece of technology fails. The images, accompanied by an explanation of what went awry, may suggest an immediate solution.

 Von Braun and his colleagues unveiled the motley collection June 1 at a meeting of the American Astronomical Society in Chicago. The 80 or so pictures are available at http://www.

astro.lsa.umich.edu/users/kaspar/obs_mishaps/mishaps.html. The team welcomes contributions from professional astronomers willing to share their telescopic tribulations.    

   —R.C.

The proposed SNAPSAT craft.

Son of Long-Horned Beetles

Scientists fight a wood-boring invader that could change the landscape of North America

By SUSAN MILIUS

As alien invasions go, now could be the lull between sequels. Beetle taxonomist Joe Cavey admits to some childhood Godzilla viewing, so he’s familiar with the law of invader plots. One overlooked alien spore, one baby lizard, or one mutating killer turnip always escapes the thermonuclear bombing at the end of one movie and rises again in the next. 

Cavey has grown up to become the federal government’s program director for defending the United States against a real-life alien invasion. In 1996, he raised the official alarm that the Asian long-horned beetle, a dark, star-spangled beauty about the size of a peanut shell, had gotten loose in the United States.

“This is a bad animal,” intones Cavey, who is stationed at the Animal and Plant Health Inspection Service (APHIS) in Riverdale, Md. Known to kill a wide range of tree species, the beetle threatens the maple sugar industry, fall-foliage tourism, beloved backyard trees, and leafy public parks. One estimate puts damage at $138 billion if Cavey and his colleagues lose the battle.

Yet 3 years ago, when Cavey sounded the alarm, pathologists knew of no pesticide or natural enemy that would control the beetle and could not even make a decent trap to detect it. They could only recommend mounting a nationwide search and then quarantining, cutting, and burning the infested trees. Officials complied in the two states that had found the beetles in trees, destroying more than 2,000 trees.

The scientists fear that some beetles might have escaped the eradication efforts, and others may still lurk in unexamined tree-lined suburbs. For that reason, researchers from many fields are studying long-horned beetles with new zest. Investigators are working late untangling taxonomy, observing beetle family life, exploring lures, testing pesticides, even recording the sounds of a beetle munching. Although they still lack a silver bullet, “I think we’ve made progress,” Cavey says.

Like any good alien invader, this one tried to eat New York.
 

 In August 1996, residents in the Greenpoint section of Brooklyn described odd tree damage to a forestry inspector. Showy beetles collected from the neighborhood trees stumped the experts until Richard Hoebeke, assistant curator of Cornell University’s insect collection, recognized it as Anoplophora glabripennis, a well-known menace in China, Korea, and Japan.

During the past 20 years or so, he’s spotted about three dozen insect species that were invading the United States. Most of them turned out to be relatively harmless.

“This is the worst,” he says. “This could easily be on the same level with the gypsy moth and the medfly.”

The Asian long-horned beetle spends most of its life as a grub inside wood. It probably hitchhiked from China to the United States hidden in the cheap, untreated wood often used for pallets or packing material. APHIS’ roughly 1,300 inspectors manage to check only about 2 percent of the goods sweeping into U.S. ports, and Cavey has been worried that the recent trade boom would start an international boom of alarming pests. 

“We don’t usually jump in as hard 

as we did,” he says. Hoebeke  had called Cavey when he recognized the Asian long-horned beetle, and within days, a federal quarantine forbade moving wood or plants out of an irregular area that eventually stretched some 16 miles across Brooklyn.

Nevertheless, in September 1996, beetles turned up in nearby Amityville, N.Y. They might have hitchhiked there compliments of a tree-pruning company that did many Brooklyn jobs for the telephone company. A year later, beetles appeared in Lindenhurst, N.Y.

Two years later, a Chicago man surfing the Web to identify beetles crawling out of his firewood tipped off authorities that the pest had reached the Midwest. Investigators found infested trees in Chicago’s Ravenswood neighborhood and the communities of Addison and Summit.

This past February, beetle watchers discovered yet another hot spot, in the Bayside area of Queens. 

 “I fully believe we will find other sites in other urban centers in the United States,” says Hoebeke. “The barn door’s been open too long.”

Efforts to fight back have had to start with the basics, like knowing the enemy. The beetle spends most of its life as a pale, plump grub, looking much like thousands of other grubs. Cavey and Hoebeke have recently published directions on how to spot an Asian long-horned grub. They recommend looking for a little patch of varied texture on the underside.

The Asian long-horned beetle, as an adult, belongs to what Hoebeke calls “a gorgeous group of beetles.” Some of the 45 to 50 species in the genus shimmer iridescent blue-green, sometimes with polka dots or other sporty patterns. Hoebeke and Steven Lingafelter from the Department of Agriculture’s Systematic Entomology Laboratory in Washington, D.C., are preparing a colorful identification guide to the  beetles of this genus.

The genus itself belongs to a family of 30,000 species of wood-boring, long-horned beetles worldwide, Lingafelter explains. A mere 2,000 species live in the United States. 

Eastern-U.S. beetle watchers should be able to distinguish between the natives and the shiny, jet-black invader with its distinctive white spots, he says. In the western United States, a few similar-looking natives confuse identification.

The effort to figure out what U.S. trees the invader threatens is moving along, reports Vic Mastro of APHIS’  Otis (Mass.) Methods Development Center. Maples, especially the Norway and sugar maples, “are like ice cream to them,” he reports. Only Japanese maples, with their extraordinarily hard wood, seem less desirable.

A wide variety of other trees also attracts the beetles. They can eat horse chestnuts, white mulberries, willows, elms, black locusts, hibiscuses (including the rose of Sharon), and Russian olives. They also threaten the true poplars, like the upright Lombardy poplar, but not the so-called tulip poplars of North American forests.

This year, researchers plan to fill gaps in their knowledge of the beetles’ diet, testing such common U.S. trees as beeches and lindens. Experiments are checking both the adults’ feeding interests and the willingness of females to lay eggs on a tree.

A sampling of techniques, both low and high tech, are revealing the daily life of Asian long-horned beetles. Michael Smith, who works full-time on the species at the Agricultural Research Service’s Beneficial Insects Research Laboratory in Newark, Del., is surveying the current scientific literature. Since 

almost all of it is in Chinese, he and Chinese scientists have teamed up 

to write a state-of-the-art review 

article in English. “It takes a lot of E-mailing,” Smith says.

Smith goes to China himself to videotape beetle behavior, and he’s hopeful he can find points in the insects’ life cycle that would be easy to disrupt. 

Mating among these beetles means more than a one-twig stand. Males hang around for hours, guarding their mates from other suitors.

“They don’t like each other much,” he says, after watching adult males clip each others’ legs or antennae during territorial tiffs. 

Females spend considerable time laying their eggs. The female chews a nice, comfy groove into tree bark and then injects a single egg the size of a rice grain into the inner bark. Smith has seen a female devote an hour to a single egg, but he’s not sure that’s representative. 

“Lots of species lay eggs in the bazillions,” Smith notes. Yet Chinese scientists report that an Asian long-horned beetle lays only about 35 eggs during her 42 days of adult life.

Eggs usually hatch in about 11 days, and the blobby grubs start eating the tree’s cambium. This zone of nutrient-transporting vessels gives the larvae soft, rich food, “like breast milk for a baby,” says Smith.

After shedding their skins twice, the larvae start gnawing into the tougher, water-transporting vessels farther inside the tree. Snug in the tree’s heartwood, the larvae spend the winter. By the following spring, after months of steady chewing, the larvae are “pretty robust,” about 5 centimeters in length.

They then transform into pupae, a soft-toy version of their adult selves. When their body structures have matured and hardened, the adults bore tunnels out of the tree, leaving beautifully round holes a bit smaller than a dime.

Newspaper articles reporting on the destruction of infected trees portrayed the Asian long-horned beetles as lead-rumped flyers that can barely struggle across a suburban lot. Yet, Smith grumbles, nobody knows what the beetles will do. He’s watched beetles in China soar literally out of sight. Scientists don’t have enough data on beetle flight, he says, to predict the invader’s spread.

An ambitious experiment scheduled for this summer in China may settle some questions about long-horned beetle mobility. Smith and his colleagues plan to coat infested logs with a fluorescent powder, so emerging insects pick up a mark. Then, as many researchers as can be marshaled will systematically check an ever-widening area for marked beetles. “It takes an army,” Smith says. 

The flight issue has attracted a number of other scientists. Forest Service researcher David Williams of Radnor, Pa., is fitting individual beetles with tiny wires that should allow him to track their movements with radar. Meanwhile, back in the Forest Service’s, Hamden, Conn., lab, workers have plans to test beetles 

on flight mills, essentially treadmills for the airborne.

Flying prowess aside, everyone agrees that the beetles are great chewers. That observation inspired another one of Smith’s projects: developing an acoustic beetle detector. 

Currently, the science of detecting an infestation 

requires that somebody stare at a tree, looking for insects or telltale holes and sawdust. The most high-tech inspector might stand in a bucket truck for a better view. Even the federal managers 

who direct these efforts estimate that inspectors find only perhaps 30 percent of the beetle-infested trees.

Smith observes, however, that a beetle’s primary lifework is chewing, and “they’re very loud.” He thinks some gadget could pick up the sound of tunneling beetles, if scientists knew what to listen for.

Current libraries of insect sounds specialize in mating calls, such as cricket choruses, so Smith had to develop his own archive of munching noises. From logs that he brought back from the Chicago infestation, he’s recording the chewing sounds of beetles, carpenter ants, and whatever other insects emerge from these logs.

To find software to detect the characteristic beetle chewprint among the various noises, Smith is turning to bird-song researchers. Daunting as the effort may sound, Smith has successfully recorded the beetles and says, “I’m encouraged.”

Chemicals that coax beetles into traps could also help detect beetle infestations, if only people had a clue as to what Asian long-horned beetles find alluring. No long-range attractants have shown up in related beetles, but that doesn’t faze Stephen Teale of the State University of New York College of Environmental Science and Forestry (SUNY-ESF) in Syracuse.

After all, he found an attractant chemical secreted by pine shoot beetles after other researchers had concluded that these beetles did not produce any. In that case, Teale discovered the attractant only by removing all traces of a slight variation of the compound, which happened to repel the beetles.

In the search for attractants for the Asian long-horned beetle, Teale has returned to the equipment that allowed him to crack the pine shoot beetle problem. He filters air from the beetle cages to collect volatile compounds and then feeds those compounds through a gas chromatograph to separate them. As bursts of various substances emerge, he passes them over a beetle antenna wired to monitors. By watching for spikes of electrical activity in the antenna nerve, Teale can figure out which compounds the beetles detect.

His laboratory has selected about 30 compounds that long-horned beetles sense, though he can’t tell yet whether the compounds spark lust or disgust.

Lures could also come from odors of the insect’s food plants. Scientists are searching for the beetle equivalent of 

the smell of baking cookies, explains 

Jeff Aldrich of the Agricultural Research Service in Beltsville, Md. 

Like Teale, he has high hopes for extracting plant compounds from the air. He muses about putting oven-roaster bags for turkeys—famously inert sacks with little odor of their own—over tree limbs to trap volatile compounds to test on the antenna-detector.

Assuming Teale, Aldrich, and like-minded colleagues will find practical ways to detect the beetles, other researchers are already working on means to wipe out infestations. 

Pesticide tests have begun on more than 600 trees in China, Mastro reports. In the United States, the beetle has struck in highly populated areas, so researchers are focusing most of their efforts on systemic pesticides they can inject into trees or apply to the soil, thus avoiding drift-prone aerial sprays. Several systemic treatments already used in the nursery trade for other pests show promise against adult beetles, Mastro says.

This summer, the Forest Service lab in Hamden, where Kathleen Shields works, plans to test strains of the insect-killing bacterium called Bacillus thuringensis, or Bt. Several commercial formulations of this microbe work against other beetles. Shields, however, warns that their effectiveness on Asian long-horned beetles is by no means certain, considering the extraordinary variation in beetledom.

Some researchers have already started looking for natural enemies to control the pest. Smith is collaborating with Chinese scientists who have identified three potential enemies, including a parasitic wasp. He’s also eagerly watching a wasp and some other species that have emerged from the Chicago logs. He hopes that an insect that already preys on something in the neighborhood might expand its diet to include Asian long-horned beetles. 

The U.S. government in December 1998 required that China treat all U.S.-bound, wood packing material to kill insects. Other wood-import rules, now under revision, are also intended to reduce the risks of invasions by Asian long-horned beetles and other pests.

“It’s those [organisms] we don’t know about that could be extremely dangerous,” warns Dale Bergdahl of the University of Vermont. At the turn of the century, in its native Asia, “the chestnut blight was relatively nondescript. But within 50 years, it killed every chestnut on the face of North America,” he points out.

Bergdahl chaired the committee of the American Phytopathological Society that prepared a resolution in January urging strict government requirements for treating wood brought into the United States.

James Worrall of SUNY-ESF shepherded a similar letter of concern through a committee of the American Mycological Society. “A lot of people have been grousing about this for a long time,” he says.

Cavey, from the government camp, echoes their worry. He, too, wants to focus more attention on the menace of hidden invading aliens, whether a microscopic fungus, tiny thrips, or a deep-burrowing grub. 

“It’s hard to convince people that a thrips you can hardly see is a problem,” he laments. At least, his current worry is big enough for a television camera to film.

Cavey says, “The Asian long-horned beetle is the flagship insect for stating our case.” 
n

Beetles spend most of their lives hidden inside wood, chewing their way out only when they mature into dark, glossy adults.

White star bursts spangle the coal-black body of the distinctive Asian long-horned beetle.

Telltale signs of a beetle attack include round holes a little smaller than a dime. The orange wound (arrow) is a beetle cradle where a female laid one of her eggs.

Earth Science
From Boston at a meeting of the American Geophysical Union

The case of the missing carbon dioxide 

Tropical countries are releasing far less carbon dioxide into the atmosphere than scientists previously thought, according to preliminary results from a new study. This conclusion, if borne out by subsequent work, would solve part of a mystery concerning the ultimate fate of carbon dioxide pollution.

The findings call into question a widely used estimate of the carbon dioxide emitted when residents of the tropics chop down trees, burn vegetation, and convert forests into pastures and crop fields. This original calculation, made in 1914 by Richard A. Houghton of the Woods Hole (Mass.) Research Center, has such activities adding 1.6 billion tons of carbon to the atmosphere each year, a figure adopted by the Intergovernmental Panel on Climate Change.

Andrew Friend and Elaine Matthews of NASA’s Goddard Institute for Space Studies in New York City developed a computer model to track how vegetation and soils change as people alter the landscape. They computed the effects of deforestation in a model of a generic rainforest plot and found only half to two-thirds the carbon dioxide emissions predicted by Houghton’s formulations. The new computer model indicates that some of the downed vegetation will decay more slowly than originally thought, says Matthews.

To make a global estimate, the researchers will have to determine how land areas have changed in recent years and then plug those findings into the computer model—a process the team has just begun. The results from the initial test, however, indicate that the new estimate will fall far below the original figure.

The predicted drop in carbon dioxide emissions should let some scientists breathe easier. For a decade, researchers have been trying to locate a missing sponge for carbon produced by human activities. More than a billion tons per year have not been accounted for. Some scientists have proposed that northern forests are absorbing that portion, but ecologists see no evidence of such substantial carbon storage. With the NASA study, much of the discrepancy could disappear in a puff of smoke. 

Susan Trumbore of the University of California, Irvine calls the original estimate highly uncertain. “It’s been a long time that someone’s needed to redo that,” she says. 
—R.M. 

The stifling side of Asian exports

Increasing air pollution over China in the next decade will significantly boost concentrations of harmful ozone above North America, making it harder for states to meet federal air quality standards, reports a team of atmospheric chemists.

Daniel J. Jacob and his colleagues at Harvard University employed a computer model of atmospheric winds and chemical reactions to estimate the effects of rapidly growing Chinese pollution. With increasing use of coal and oil to fuel its economy, China is expected to triple its emissions of ozone-forming compounds between 1985 and 2010. 

The computer simulations indicate that ozone from China readily crosses the Pacific during spring, raising the concentrations of this pollutant across the United States. The projections for 2010 indicate that springtime ozone values will jump by 5 parts per billion in California and 3 parts per billion in the eastern states. Many states are already struggling to meet the proposed new standard of 80 parts per billion. 

“Getting a 5-part-per-billion enhancement represents a significant offsetting factor” to these efforts, says Jacobs. 

Researchers from the University of Oslo and the University of California, Irvine are also modeling pollution transport. In apparent conflict with the Harvard group, they don’t see appreciable ozone movement from Asia to the United States.   They caution that they have only simulated a single year, 1996. “There’s a lot more work that needs to be done,” says Bryan J. Hannegan of UC Irvine.
—R.M.

Biology

British birds are nesting earlier . . .

Birds in the United Kingdom have adjusted their nesting habits to accommodate climate changes, according to an analysis of 57 years of data on egg-laying.

In the cool spell of the 1960s and 1970s, British birds began laying eggs later in the year than they had before, the study shows. In recent years, however, a warmer climate has prompted the birds to push their nesting calendars forward.

“Birds that lay earlier produce more young and healthier young who have a better chance of surviving until the following year, so in that sense [the trend] could be quite a good thing,” says Humphrey Q.P. Crick of the British Trust for Ornithology in Norfolk, England. “But it could be a bad thing if the food supplies that the chicks rely on don’t shift in the same way.”

Crick and coauthor Timothy H. Sparks of the Institute of Terrestrial Ecology in Cambridgeshire, England, tracked the nesting habits of 36 bird species throughout the United Kingdom.

The study indicates that the average egg-laying date for 31 species is linked to temperature or rainfall. Temperature, particularly in March and April, explained long-term trends in laying time for 17 species, the researchers report in the June 3 Nature.

Previously, researchers had noted trends toward earlier laying, says Crick (SN: 8/30/97, p. 141). “Then, we sort of waved our arms a bit and said, ‘It’s likely to be global warming,’” he adds, “but now we’re showing that all of these changes can really be explained statistically in terms of changes in temperature.”

On the basis of projected climate changes, Crick and Sparks estimate that by 2080, 27 bird species will have moved their egg laying schedule forward by 8 to 18 days. 
—S.C.

. . . and moving a bit north

Breeding ranges of British birds have edged north by almost 19 kilometers in 20 years, report University of Leeds in England researchers. 

“The most parsimonious explanation is climate,” say Chris D. Thomas and Jack J. Lennon in the May 20 Nature. 

Thomas and Lennon spotted the trend by comparing the outer edges of nesting ranges recorded in two atlases of bird breeding grounds in Great Britain. The first atlas covered 1968 through 1972, and the second, 1988 through 1991. Population booms and busts can affect range margins. Taking such shifts into account, the researchers report that 42 of Great Britain’s southerly species further extended their northern nesting border over the 2 decades.

The researchers suspect that climate drove the shifts because it affects so many features of bird life. Other work links warmer spring weather to variations in timing and success of nests and shows that temperature correlates with patterns of bird distribution in Britain. Also, the range shift occurred during a time of climate warming, Thomas and Lennon point out.

Others find similar shifts among European butterflies. 
—S.M.

Family life heats up for Mexican jays

Mexican jays in southeastern Arizona are starting families about 10 days earlier than they did in 1971.

The beginnings of nest building and egg laying in a jay population under long-term study have jumped forward, note Jerram L. Brown of the State University of New York at Albany and his colleagues. During the same period, monthly minimum temperatures tended to creep up, the researchers report in the May 11 Proceedings of the National Academy of Sciences.

Biologists have long predicted that climatic warming could fast-forward animal reproduction. Yet, Brown and his colleagues observe that there hasn’t been much documentation for that trend in North America. The problem deserves more attention, they warn. A recent study of grasslands showed minimum temperature gains paralleling changes in the mix of species. 
—S.M.

