Books

The Big Book of Beastly Mispronunciations—Charles Harrington Elster. Is it HAL-eez comet or Hay-leez comet? Do you say puh-REN-tul or PAR-en-tul? How do you enunciate genealogy, JEE-nee-AL-uh-jee or JEE-nee-AHL-uh-jee? If you guessed the former in each case, then kun-GRACH-uh-LAY-shinz. Essays arguing the logophile’s rationale behind each pronunciation follow more than 1,000 words. Elster bolsters his essays with historical data, past and present pronunciations, and the opinion of others in his field. HM, 1999, 426 p., paperback, $15.00.   

Dragonfly: NASA and the Crisis Aboard Mir—Bryan Burrough. For 6 months in 1997, Russian and American astronauts aboard the decrepit space station Mir endured a harrowing set of circumstances. Beginning with a fire, they encountered countless mechanic failures and power outages. Burrough exhaustively chronicles this misadventure day-by-day. The text is well informed by lengthy interviews with astro/cosmonauts and the author’s access to many transcripts of transmissions between Mir and NASA and Russian Mission Control. HarpC, 1998, 528 p., color plates, hardcover, $26.95. 

Get a Grip on Genetics—Martin Brookes. Get a Grip on Philosophy—Neil Turnbull. Easily digested and often humorous factoids, definitions, practical applications, and milestones provide an overview of each field. Each book offers a retrospective of its topic and introduces the field’s founders, be they Gregor Mendel, the underrated geneticist, or Plato the somewhat villainous seeker of social order. Students should find these books a fun way to get acquainted with the subject matter and to become familiar with new terminology. Both books Time Life, 1998, 192 p., illus., paperback, $14.95 each.

The Geography of Time: The Temporal Misadventures of a Social Psychologist—Robert Levine. During a year-long teaching stint in Brazil, Levine curiously noted that many students attending his 2-hour lecture would arrive an hour or so late and lingered long after the class ended. Levine realized that Brazilians’ rules of punctuality were entwined with their cultural values. For the past 2 decades, he has traveled the globe observing how various cultures define time and how that definition paces each society overall. He presents these findings and then ponders their impact on places and on people. Originally published in hardcover in 1997. Basic, 1998, 258 p., paperback, $13.00.

Hunting Down the Universe: The Missing Mass, Primordial Black Holes, and Other Dark Matters—Michael Hawkins. Hawkins opposes both the notion of the Big Bang and the steady-state theory of the universe. He instead declares that 99 percent of the universe—the missing mass of the cosmos—consists of tiny, primordial black holes. These were formed, he asserts, within the maelstrom of the first microseconds of the universe’s life. In the process of justifying this claim, Hawkins reveals—and argues against—the exclusivity and secretiveness of established scientists confronted with new ideas. Originally published in hardcover in 1997. Perseus Bks, 1999, 240 p., paperback, $13.00.

Taking Charge of Asthma: A Lifetime Strategy—Betty B. Wray. An asthma specialist details methods of developing a personal strategy for children and adults against asthma attacks and various symptoms. Wray’s plans incorporate a holistic approach with a pharmaceutical one. Therefore, her text is rich with ways to control one’s diet and environment (both at home and on the job) in order to curb attacks. Early chapters provide a general overview of the problem. Wiley, 1998, 231 p., paperback, $14.95.

Visual Intelligence: How We Create What We See—Donald D. Hoffman. Hoffman defines vision as an intelligence founded on active construction. Based on new breakthroughs, he proffers cognitive theories  of vision. Hoffman cites 30-some rules governing our perception of line, color, form, depth, and motion. Accounts of individuals whose senses have gone awry because of stroke or mental illness further distinguish sight as an intelligence. In fact, as Hoffman states, “vision is an intelligence so great that it occupies nearly half of the brain’s cortex.” Rife with images, this is an interactive experience. Norton, 1998, 294 p., color/b&w photos/ illus., hardcover, $29.95. 

Worlds Without Ends: The Exploration of Planets Known and Unknown—John S. Lewis. Planetary scientist Lewis extends his text beyond a listing of newly discovered extrasolar planets to a discussion of what they are made of and how they form. The volume of knowledge about our own solar system, of course, informs speculation about what may exist beyond it. Lewis, therefore, begins by revealing the diversity and composition of our neighbors. Characteristics such as size, temperature, and chemical composition dictate a planet’s evolution, but, as Lewis shows, these qualities do not guarantee steadfast results. Perseus Bks, 1998, 236 p., b&w plates, hardcover, $24.00.

Letters

Crisis without confidence

“Geologists anticipate an oil crisis soon” (SN: 10/31/98, p. 278) contains a lot of economic nonsense. The most egregious statement is the remark that “by 2020, demand will exceed supply by 17 million barrels a day.” The price of oil will move as necessary to clear the market (bring about equality between demand and supply) in exactly the way prices move to clear every other market.

Also nonsensical is Campbell and Laherrere’s hypothesis that oil production will peak when the quantity of oil burned equals the quantity remaining to be extracted. Oil producers, like all other businesses, seek to maximize the present value of their profit flow. What is it about such behavior that would make them want to reduce production just because the world has used up exactly half the existing oil?

Like Joseph storing grain during the 7 years of plenty in order to have it available in the 7 years of famine, oil producers will withhold some of their oil today to have it available in the future.

Finally, producers of competing energy sources will step up their efforts as the supply of oil diminishes and its price rises.

John J. Seater

North Carolina State University

Raleigh, N.C.

Oil is a finite resource formed only rarely in time and place in the Earth’s long history. Accordingly, production starts and ends at zero. It should surprise Mr. Seater that the production peak comes in between, around the midpoint of depletion. The endowment of most geological basins in the world is now known within reasonable limits, thanks to the advances in technology. Most, apart from the Middle East, are past or close to the midpoint of depletion. As the International Energy Agency confirms, the non­Middle East countries will peak around 2000, and the global peak is not long delayed.

Colin J. Campbell

Petroconsultants

Geneva, Switzerland

Shifting assumptions

An accelerating universe needs a “force” behind it, at least, per Newtonian models. Rather than creating more ways to explain these data as well as the discoveries of more and more distant (and complex) galaxies (“Studies support an accelerating universe,” SN: 10/31/98, p. 277), perhaps it is time to revisit our standard model and to also ask “what if” questions concerning our assumptions, say, of the fundamental value of “c.” After all, we’ve only measured this constant over the past 100 years, and extrapolations into the millions and billions of years may, in fact, provide significant errors.

Del Dietrich

Campbell, Calif.

Really chicken research

Please tell me that the research into the reaction of chickens to flying raccoons was not funded by the U.S. taxpayer (“The Science of EEEEEK!” SN: 9/12/98, p. 174). By the way, my own, privately-funded, research reveals that raccoons are mildly amused but otherwise unaffected by the sight of flying chickens. Documentation available to interested parties.

Bill Black

Falmouth, Mass.

Speech Insights Sound Off in the Brain

Talk is cheap and, not surprisingly, plentiful. It gushes from our mouths like water from a burst dam. Yet we capture meaning from the conversations cascading around us with seemingly little effort. This impressive achievement depends as much on the ability to track the rhythm and intonations of spoken language as on the more obvious need to interpret word meanings and grammar, according to a new study.

Brain cells react in a unique pattern and with lightning speed to so-called prosodic features of speech, such as drawing out a word, pausing for emphasis, and raising the pitch of one’s voice, reports a team of neuroscientists headed by Karsten Steinhauer of the Max Planck Institute of Cognitive Neuroscience in Leipzig, Germany. Immediate neural responses to these speech modulations allow listeners to get a head start in decoding the sometimes fuzzy meanings of sentences, Steinhauer and her colleagues contend.

Their findings dovetail with recent evidence, gathered by psychologists such as Peter W. Jusczyk of Johns Hopkins University in Baltimore, indicating that infants and young children closely track prosodic aspects of speech to gain a foothold on its grammatical structure.

“I’m not surprised that there are specific brain responses linked to prosodic features of language,” Jusczyk comments. “We find that infants as young as 2 1/2 months begin to notice prosodic cues used by adult speakers and use them to mark phrases within sentences.”

Traditional theories of language comprehension have held that adults employ prosodic cues only to flesh out a sentence’s meaning after they have deciphered its grammatical structure. For instance, rising pitch toward the end of an utterance signals a question, whereas falling pitch indicates a statement.

The new study, published in the February Nature Neuroscience, places prosodic cues at the core of understanding the grammatical structure of speech.

The researchers placed caps studded with electrodes on the scalps of 56 native German speakers. The setup allowed for recordings of electrical activity at the brain’s surface as the volunteers heard a series of sentences.

Some sentences were grammatically straightforward, such as “Since Jay always jogs a mile and a half this seems like a short distance to him.” Others were harder to understand, such as “Since Jay always jogs a mile and a half seems like a very short distance to him.” Especially for readers, “a mile and a half” is first perceived as the object of “jogs” rather than the subject of the subsequent verb “seems,” as required in the second sentence.

When sentences such as these are spoken, differences in the duration of words and pauses and variations in pitch and loudness serve to group words into distinct “intonational phrases,” Steinhauer’s group asserts.

While listening to both straightforward and ambiguous sentences, participants exhibited neither of two brain-wave responses known to indicate difficulty at understanding words, the scientists say. The researchers then spliced the recorded sentences so that prosodic cues did not match sentence structure. Upon hearing the first word in a sentence that signals its grammatical structure (“seems” in the second sentence above), volunteers displayed the neural signs of confusion about word meaning.

Moreover, a distinct type of brain-wave response occurs within a fraction of a second after the conclusion of each intonational phrase in a sentence, the investigators find.

The discovery of this new component of the brain’s electrical activity suggests that the detection of intonational phrases is a crucial aspect of speech perception, note psychologists Cyma Van Petten and Paul Bloom of the University of Arizona in Tucson in a commentary on Steinhauer’s article.

“Intonational cues may control initial decisions about sentence structure,” Van Petten and Bloom remark.      —B. Bower

Southern twisters: Don’t blame La Niña

Storms in the southern United States turned vicious this month, spawning 150 tornadoes and killing 18 people during a time of year when funnel clouds normally are a rare sight. Meteorologists are still struggling to explain what caused the unprecedented number of January twisters, but they can rule out any direct link with the climatic hellcat known as La Niña, a cooling of Pacific waters.

Last year, press reports tied extreme weather—often erroneously—to El Niño, a warming of the equatorial Pacific that ended midway through 1998. With the Pacific now colder than normal, the question arises whether La Niña should shoulder any blame for the severe storms in January, such as the southern tornadoes and the 18.6-inch snowfall in Chicago. Last week, a press release issued by the National Oceanic and Atmospheric Administration (NOAA) trumpeted: “La Niña drives some U.S. winter weather extremes.”

NOAA meteorologists, however, disavow any concrete connection between the Pacific conditions and the storms. Joseph T. Schaefer, director of the National Weather Service’s Storm Prediction Center in Norman, Okla., examined U.S. tornado records going back a half century, looking for evidence that January tornadoes come more frequently during episodes of La Niña. “From my 49 years of data, I find nothing,” he says.

Take Arkansas, for example. Dozens of tornadoes raked the state last week, killing seven people. To test for a connection with La Niña, Schaefer searched through the database for the months with the most Arkansas tornadoes. Nine of the top 11 occurred in normal years, when neither La Niña nor El Niño held sway in the Pacific. One of the remaining two months was in a La Niña year, the other in an El Niño year. 

Tennessee, also hit by tornadoes this year, showed a similar pattern—indicating that the equatorial Pacific had no clear influence on tornado frequency.

Ed O’Lenic, who makes forecasts for NOAA’s Climate Prediction Center in Camp Springs, Md., says that it is impossible to connect La Niña to any one storm, such as the Jan. 2 blizzard in Chicago. He notes, however, that NOAA’s long-term forecasts were for a general increase in precipitation around the Great Lakes and in the Northwest in early winter.

Forecasters agree that La Niña makes U.S. weather much more variable. The colder-than-normal conditions in the equatorial Pacific weaken the jet stream that sometimes flows over the southern states and helps keep weather constant. Without the strong southern jet, the path of Pacific winds can jump erratically as they pass over North America. Researchers are trying to determine whether that increases the odds of blizzards. 

Climate models suggest that La Niña will endure at least until June. While meteorologists can’t say whether to expect more record tornado outbreaks or snowfalls, they foresee continuing changeable weather. “I think it’s good for people to be aware there is a lot of variability and that the potential for severe weather still exists,” says O’Lenic. 


   —R. Monastersky

Tobacco plants enlisted in war on cancer

In an ironic twist on its infamous role as a cause of deadly tumors, tobacco might soon offer physicians a way to rapidly make vaccines tailored to fight a patient’s specific cancer.

This role reversal stems from the ability of a well-studied pathogen, the tobacco mosaic virus, to force an infected plant to mass-produce the proteins of the virus. A biotech firm has exploited this capability by slipping selected genes into the viruses and using them to turn tobacco into a protein factory.

“Literally every cell becomes infected,” says Daniel Tusé of Biosource Technologies in Vacaville, Calif. “The yield is phenomenal, and the [time] that it takes from inoculation to harvest is 2 to 3 weeks.”

Biosource has used this technique for a decade, generating commercial enzymes as well as proteins for a potential malaria vaccine. Hoping to showcase the technology further, the company recently approached Ronald Levy of the Stanford University School of Medicine, who has studied vaccines for treating non-Hodgkin’s lymphoma.

In this cancer, a single antibody-producing B lymphocyte, or B cell, breaks free of normal growth controls and copies itself endlessly. The cancer has a weak spot, however. All the lymphoma cells in a patient sport the same protein, the unique antibody made by the original B cell, on their surface. Researchers have shown that inoculations with this shared protein can stimulate the immune system to attack the lymphoma cells of that patient.

“We have a surface molecule unique to each lymphoma,” says Levy. “It’s really a problem of how you can make these [vaccines] fast and cheap.”

“Our goal is to produce customized vaccines to treat non-Hodgkin’s lymphoma in a matter of weeks after receiving the biopsy,” adds Tusé.

To test that possibility, Tusé, Levy, and their colleagues used tobacco plants to make a fragment of an antibody from a mouse B cell lymphoma. Although physicians have had promising results with cancer vaccines made of complete antibodies, researchers are just beginning to test antibody fragments in people.

It can take months to a year to genetically engineer plants to make antibodies (SN: 12/5/98, p. 359). In just a month, however, Biosource used an engineered tobacco mosaic virus to make tobacco plants churn out large quantities of the antibody fragment. When this fragment was injected into healthy mice as a cancer vaccine, the animals produced antibodies targeting the protein, the scientists report in Jan. 19 Proceedings of the National Academy of Sciences. 

More important, the vaccine protected the mice against injections of the lymphoma cells from which the researchers had isolated the antibody fragment.

Biosource and Levy’s group has already infected tobacco plants with antibody-fragment genes from people with non-Hodgkin’s lymphoma. Tusé predicts that customized vaccines could help thousands of patients. “We’re not there yet. We have to show that these things work in people,” he cautions.

If researchers can identify appropriate target molecules on tumors of solid tissues, Biosource also hopes to use their tobacco technology to make patient-specific vaccines for diseases such as breast and prostate cancer. 

“The creation of unique vaccines for individuals or groups of individuals is clearly the way people are thinking about treatment for the future,” says Charles J. Arntzen of the Boyce Thompson Institute for Plant Research in Ithaca, N.Y.                          
 —J. Travis

At 5 days (left) and 8 days (right) after being infected by a virus carrying the gene for a fluorescent protein, this plant has a greenish glow that shows how quickly the virus spreads. 

Do reshuffled genes cause autoimmunity?

Deep in the bone marrow of mammals, immune cells called B lymphocytes, or B cells, gear up to distinguish enemies from friends. The lymphocytes shuffle their genes to produce a diverse population of cells that makes millions of distinct antibodies, ready to battle whatever microorganism may come along (SN: 11/7/98, p. 302). 

Once the immune system devises an antibody that can recognize and latch onto an enemy organism, it mass-produces the particular type of B cell that made the antibody. These and the antibodies they make are then sent out into the fray. Poorly programmed B cells that might attack healthy tissues are typically weeded out in the bone marrow. 

The gene shuffling that produces B cell variations is guided by proteins encoded by recombinase activating genes, RAG1 and RAG2. Researchers have believed that the shuffling ceases once the mature B cells leave the marrow. Recent studies, however, have shown that some B cells continue to rearrange their genes in the spleen or lymph tissue. 

Researchers report in the Jan. 28 Nature that one class of B cells, B-1, continues to reshuffle its genes in the peritoneal cavity of the abdomen. The findings in mice suggest a possible mechanism behind autoimmune diseases, in which immune cells attack the body’s own tissues. The mouse breed used in the study shows an autoimmune disease similar to human lupus. 

Researchers found 10 to 20 times more RAG gene activity in B-1 cells in the animals’ peritoneal cavity than in normal mice, says study coauthor and immunologist Michel C. Nussenzweig of the Howard Hughes Medical Institute at Rockefeller University in New York City. The reason for this gene rearrangement outside the bone marrow remains elusive, as does any hard link to the chronic autoimmune problems these mice face. 

Antibodies produced by B-1 cells are less specialized than those made by other B cells. Nussenzweig suggests that because many foreign microorganisms leak into the peritoneal cavity from the adjacent digestive tract, one role for B-1 cells there might be to generate a population of antibodies able to deal with whatever comes along. The gene rearrangements he and his colleagues detected may maintain the diversity of these B-1 cells, Nussenzweig says.

That strategy could have repercussions, however. These shoot-first-and-ask-questions-later antibodies constantly flow out of the peritoneal cavity into the blood and lymph systems, where they contact healthy tissues. This leakage might represent the still-theoretical autoimmune connection. The picture is incomplete, Nussenzweig says, because autoimmune reactions probably require other genetic factors.

“This study shows a low but measurable frequency of these cells having gene rearrangement” in the peritoneal cavity, says immunologist Mark S. Schlissel of Johns Hopkins Medical Institutions in Baltimore. “That’s unusual for mature B cells.”

Nussenzweig is studying fluid from arthritic joints in people—common sites of inflammatory autoimmune reactions—to see if the RAG genes there are stimulating gene shuffling in B cells.                                         —N. Seppa

Electromagnetic fields may damage hearts

Men who worked in the presence of high electromagnetic fields (EMFs) were up to three times as likely to die from heart attacks and several other cardiovascular conditions as were their colleagues who had far smaller EMF exposures, a new study finds. 

The observations emerge from a reanalysis of information collected during a 38-year study of almost 140,000 electric-utility workers. 

EMFs are invisible lines of force that surround all electric devices and wiring. Their strength increases with the current running through the devices or wires.

Though high EMFs, especially their magnetic components, can promote the growth of cancers in laboratory animals (SN: 1/10/98, p. 29) and some evidence links them to cancers in people (SN: 6/30/90, p. 404), little attention had been paid to whether they might affect the heart. 

Last year, however, Antonio Sastre and his coworkers at the Midwest Research Institute in Kansas City, Mo., published experimental data showing that 8-hour exposures to intermittent, 60-hertz fields altered heartbeat variability in healthy men. 

Everyone’s heart rate changes slightly from beat to beat, reflecting fine tuning by the nervous system in response to respiration and other factors, explains Sastre, a cardiovascular physiologist. Yet the magnitude of variance can differ dramatically between individuals, he notes. Even when two people each have a heart rate averaging 60 beats per minute (bpm), the heart rate of one might vary from 59 to 61 bpm, while another’s swings broadly from 50 to 70 bpm. 

Several studies have shown that low heart-rate variability correlates with a higher-than-normal risk of heart attacks and certain other heart conditions, particularly when the slowing occurs in the component of heart rate known as the low spectral band. In the February 1998 Bioelectromagnetics, Sastre’s team reported a slowing in the low spectral band among men exposed to magnetic fields that cycle on and off every 15 seconds for an hour at a time. 

When David A. Savitz, an epidemiologist at the University of North Carolina at Chapel Hill, learned of the findings, he invited Sastre to help him sift through data on heart-disease deaths within the large group of electrical workers. 

The two researchers and their team now report that compared with men who worked in low-EMF jobs, men in trades exposed to high EMFs—such as linemen and power-plant operators—were far more likely to have died from heart attacks and heart conditions related to abnormal rhythms, or arrhythmias. 

Moreover, risk of death from these conditions climbed as average EMF exposure increased. Savitz notes that men in the highest risk group tended to have worked in EMFs at least twice as high as those that people typically encounter in their homes. 

Taken together, these data “suggest a possible association between occupational magnetic fields and arrhythmia-related heart disease,” the researchers conclude in the Jan. 15 American Journal of Epidemiology. Savitz now plans to follow up with more-detailed studies, perhaps simultaneously monitoring heart-rate variability and EMFs among elec- tricians at work. 

Meanwhile, Jack Sahl, a Pasadena, Calif.­based consulting epidemiologist, is already leading a most recent study to test the Savitz team’s most recent findings. Several years ago, while probing cancer rates among 50,000 southern California electrical workers, Sahl also detected an increased rate of heart disease among electricians, machinists, and others in “craft” trades with high EMF exposures. However, “I ignored the result,” he now recalls, “because of my sense that heart disease was more likely to be related to lifestyle.”

Indeed, Sahl remains “quite skeptical” of the putative EMF link, arguing that a heart-risky lifestyle—with heavy smoking, drinking, and consumption of a high-fat diet—”is more common among those craft workers with the high exposures to magnetic fields.”          
—J. Raloff

Catching a burst’s visible glow

When James Wren’s beeper woke him just before 3 a.m. last Saturday, he knew the routine. From his home computer, he checked that a robotically operated telescope 8 kilometers away was recording images from the correct patch of sky. Then Wren, an astronomer at the Los Alamos (N.M.) National Laboratory, went back to sleep.

Little did he know that the event that made the telescope swing into action was the most energetic cosmic eruption ever detected. Or that the telescope had for the first time captured the visible glow of a gamma-ray burst while it was still spewing high-energy radiation.

Although optical telescopes have recorded the glowing embers of some 12 bursts, “this is the first time we’ve seen the counterpart of the fire,” says Bradley E. Schaefer of Yale University. Carl W. Akerlof and Timothy A. McKay of the University of Michigan in Ann Arbor reported the find in a Jan. 23 circular of the Gamma-Ray Burst Coordinates Network.

The optical observations, taken at Los Alamos with a telephoto-camera array known as ROTSE-I (Robotic Optical Transient Search Experiment I), owe their success to an early warning network set up by Scott D. Barthelmy of NASA’s Goddard Space Flight Center in Greenbelt, Md. Whenever one of several satellites detects a burst, the network instantly alerts ground-based telescopes to search for a visible glow.

On Jan. 23, just 22 seconds after NASA’s Compton Gamma Ray Observatory found a burst in the constellation Boötes, ROTSE-I began scanning the same region. To the surprise of many astronomers, the glow spied by the telescope was so bright that it could have been seen with a pair of binoculars. 

Spectra reveal that the burst came from a galaxy some 9 billion light-years away. At that distance, the intensity of the gamma-rays unleashed during the 100-second-long burst indicates that it was the most energetic ever recorded, surpassing a burst dubbed the second Big Bang (SN: 5/9/98, p. 292). If the burst emitted radiation equally in all directions, its total output equaled the explosive energy of 2,000 supernovas.

The actual energy could be less. Stan E. Woosley of the University of California, Santa Cruz has proposed that bursts are produced by asymmetric explosions that beam their energy in one direction. One aimed at Earth could appear 100 times more energetic than it is. 

In addition, a cosmic mirage might have caused the Jan. 23 burst to appear brighter, says S. George Djorgovski of the California Institute of Technology in Pasadena. Either of two galaxies that apparently lie in front of the burst’s home galaxy could have acted as a gravitational lens, bending and focusing the light. Such lenses can also create time-delayed images, raising the possibility that new pictures of the burst may only appear after days or months.
—R. Cowen

Images, 20 seconds apart, show visible glow of a gamma-ray burst.

Competing students’ science skills sparkle

The envelope please . . . .  Judges have unveiled the names of 40 high school seniors with the starring research projects of the 1999 Intel Science Talent Search. Selected from 1,470 contestants, the finalists will partake of $330,000 in scholarships—a $125,000 increase from last year. Who shall win the lion’s share depends on the next round of competition.

After 6 days of additional judging and interviews starting March 3, 10 winners will emerge to claim the top awards. The first-place prize is $50,000, and second and third places receive $40,000 and $30,000, respectively. Fourth through sixth places win $20,000 each, and seventh through tenth places win $15,000 apiece. The remaining 30 finalists each receive $3,000. 

This year’s finalist group includes 22 boys and 18 girls. The number of female finalists leaped 20 percent from last year. Among the group’s ranks are the second home-schooled finalist in the competition’s history, the youngest finalist—age 14—since 1978, and the first finalists in more than an decade from Louisiana and Puerto Rico. 

The students’ research projects spanned the sciences, including astrophysics, biology, ecology, math, physics, and psychology.

Science Service, the publisher of Science News, has administered the 58-year-old competition since its inception. In previous years, the Science Talent Search was sponsored by Westinghouse. Intel Corp. assumed sponsorship of the contest in March 1998.

Craig R. Barrett, Intel’s president and chief executive officer, saluted the finalists. “The success of the United States depends in large measure on continuing to lead the world in innovation and production of high-tech products. The next better ideas will come from these young scientists,” he said. Barrett will present the awards March 8.

The 40 finalists are:

€
California: Leon Marcel Bellan, Polytechnic School, Pasadena; Rio Gabriel Bennin, home-schooled, Berkeley; Erika Natalie Ebbel, Crystal Springs Uplands School, Hillsborough; Nathan Andrew Fleischaker, La Costa Canyon H.S., Carlsbad; Michael Yen Ming Lew, La Jolla H.S., La Jolla.

€
Colorado: Natalia Toro, Fairview H.S., Boulder.

€
Connecticut: Mary Alice Dombrowski, Glastonbury H.S., Glastonbury.

€
Florida: David Lee Harden, South Miami Senior H.S., Miami.

€
Georgia: Charles Rollin Mathis, Oconee County H.S., Watkinsville.

€
Hawaii: Emi Malia Eno, Henry Perrine Baldwin H.S., Wailuku.

€
llinois: Keith Jonathan Winstein, Illinois Math & Science Academy, Aurora.

€
Iowa: Carol Anne Fassbinder, Valley Community H.S., Elgin.

€
Louisiana: Rachel Anne Cox, Airline H.S., Bossier City.

€
Maryland: Wei-Li Deng, James Michael Hansen, Grace C-Hwei Lin, Michael Randolph Maire, David C. Moore, and Scott Michael Safranek, all of Montgomery Blair H.S., Silver Spring.

€
Massachusetts: Seth Abrams Ament, Falmouth Academy, Falmouth; Scott Alexander Fruhan, The Roxbury Latin School, West Roxbury.

€
New Jersey: Binh Dao Vo, Governor Livingston Regional H.S., Berkeley Heights.

€
New York: Trevor Alan Bass, Great Neck South H.S., Great Neck; Cullen H. Blake, Bethlehem Central H.S., Delmar; Angela Patricia Burgess, Bronx H.S. 

of Science, Bronx; Lauren Cooper, Roslyn H.S., Roslyn Heights; Daniel H. Grollman, Bronx H.S. of Science, Bronx; Shana Traci Lippel, Lawrence H.S., Cedarhurst; Lisa Beth Schwartz, Roslyn H.S., Roslyn Heights; Eric David Stern, Great Neck South H.S., Great Neck; Nicholas Joseph Superina, Smithtown H.S., Smithtown; Diana Barnard Townsend-Butterworth, The Chapin School, New York; Kirsten Graham Wickelgren, Stuyvesant H.S., New York; Alexander David Wissner-Gross, Great Neck South H.S., Great Neck.

€
Oregon: Patricia Jeanne Semura, Oregon Episcopal School, Portland.

€
Pennsylvania: Brett Charles De Poister, Central Catholic H.S., Reading.

€
Puerto Rico: Dorimar Morales, Colegio Maria Auxiliadora H.S., Carolina.

€
Virginia: Sirisha Venkata Kalicheti, Chantilly H.S., Chantilly; Kurt Elliott Mitman, Thomas Jefferson H.S. for Science & Technology, Alexandria.

€
Washington: Constance JoAnne Wang, Hanford H.S., Richland.              —P. Weiss

Who says only one sperm gets the prize?

People in at least 18 societies around the world believe that a child can have more than one biological father, anthropologists now report. 

A woman with such beliefs considers the men with whom she has sex during pregnancy as contributing some measure of paternity, and she may publicly acknowledge extramarital lovers as secondary fathers, says Stephen Beckerman of Pennsylvania State University in State College. He presented the latest tally of beliefs in so-called partible paternity at the annual meeting of the American Association for the Advancement of Science last week in Anaheim, Calif.

Before anyone gets smug about the centuries-old Western belief in one father per baby, Beckerman points out that microscope studies didn’t confirm the idea for animals until 1879. “It was just a lucky guess [for] Western folk biology.”

Diverse societies believe in multiple dads. Most are in South America, with some in India and New Guinea. For example, the Canela in Brazil believe that a fetus keeps incorporating sperm until birth, says William H. Crocker of the Smithsonian Institution’s National Museum of Natural History in Washington, D.C. Traditionally, extramarital sex was “rampant and socially correct,” he says, and a pregnant woman sought affairs with men she wanted her baby to resemble.

The idea of partible paternity “seems to be much more common than we’d ever thought,” says Paul Valentine of the University of East London. He encountered it among the Curripaco in Venezuela and Columbia. The group opposes extramarital sex but employs partible paternity to resolve conflicts. A wife can appease her husband by stating that he is her baby’s main father even though she had sex with a lover.

Partible paternity may benefit children. Among the Bari of Venezuela and Colombia, Beckerman found that 80 percent of kids with extra fathers lived to age 15, in contrast to 64 percent of children with lone dads. Pregnant women with lovers also had less risk of miscarriage, possibly because courtship gifts boost nutrition.

The widespread belief in partible paternity raises doubts about a key factor in what Beckerman calls the standard model of human evolution: the “evolutionary bargain” in which men hunt for family food in return for guaranteed paternity.

Sarah Blaffer Hrdy of the University of California, Davis sees partible paternity as yet another challenge to misleading stereotypes—”the coy female and the ardent male”—in animal evolutionary theory.

Sharing paternity must also have its dark side, observes David M. Buss of the University of Texas at Austin, who studies jealousy (SN: 10/12/91, p. 232). In cultural surveys, “one myth that’s been shot down is that there are cultures that don’t have sexual jealousy,” he says. Crocker, for example, reports suppressed jealousy even among the Canela, where extramarital sex has been sanctioned.

Partible paternity could hit close to home, notes R. Robin Baker, who did infidelity research at the University of Manchester in England. “If Britain recognized partible paternity,” he says, “between 4 and 10 percent of children could claim multiple fathers.”         
—S. Milius

Sea Sickness

Marine epidemiology comes of age

By JANET RALOFF

Sylvia A. Earle, the National Geographic Society’s explorer-in-residence, encountered a disturbing change of scene late last year when she returned to scuba dive at one of her favorite haunts. Heads of centuries-old coral in a reef off the Dutch isle of Bonaire, just north of Venezuela, had always provided a dazzling backdrop for darting Caribbean fish. Now, she saw patches of coral—once yellow, electric green, purple, and brown—bleached to the point where “they looked just like snowballs.”

Although still alive, the reef “looked sick,” recalls Earle, a former chief scientist at the National Oceanic and Atmo-spheric Administration.

Indeed, Bonaire’s coral is sick, says James M. Cervino, a marine biologist with the Global Coral Reef Alliance in New York City. The sad thing, he adds, is that Bonaire’s reefs remain among Earth’s healthiest. Having visited some 50 different reefs throughout the world over the past 2 years, he notes that most are considerably worse off.

Among tropical corals, which are actually colonies of tiny animals, bleaching has become ubiquitous, he finds. Whereas just the heads of Bonaire’s corals are white, at some sites fully 80 percent of the coral has been bleached. The ghostly pallor, he explains, results from these colonies becoming too warm and feverishly expelling the colorful symbiotic algae responsible for their vibrant hues (SN: 6/15/96, p. 379). Because the algae symbionts provide an energy source, their prolonged absence eventually starves the corals, Cervino says.

Earle emphasizes that Bonaire “is still a paradise in many ways—one of the most beautiful places on the planet.” But if trouble is threatening this reef, in apparently clean and protected waters, she says, what is safe?

Nor is bleaching the only threat to corals. Increasingly, Cervino points out, these colonies are also exhibiting infections, tumors, and “obscure” lesions. “We’ve been going to photos of corals from as far back as the 1930s,” he says, and find no sign of many of these diseases.

At a briefing on Capitol Hill last December, he reported that at least 15 new syndromes causing mass coral-reef mortality have emerged over the past 20 years—many of them showing up for the first time only in the past 3 to 5 years (SN: 4/11/98, p. 229).

Says Earle, “I think of these coral reefs as red blinking lights, signs of trouble in our oceans.”

A new program developed at Harvard University has assembled data on corals and nine other types of marine wildlife spanning from the Labrador Peninsula in Canada to Venezuela. As part of the project, Benjamin H. Sherman developed a computerized system to map  outbreaks of disease affecting these plants, animals, and algae over time.

“We’re mapping epidemics,” explains Paul R. Epstein, a physician and associate director of the Center for Health and the Global Environment at Harvard Medical School in Boston. He explains that his team has “layered” other information onto the disease maps, including climate, pollution, economic measurements, harmful algae blooms, and regional data on water quality. 

“The resulting system allows researchers to hunt for patterns—and hot spots—across time or broad regions in ways that had never been possible,” says Sherman, now at the University of New Hampshire in Durham. The goal of this Health, Ecological and Economic Dimensions of Global Change Program (HEED) is to study diseases in the marine world as indicators of environmental threats to wildlife and even human health. 

The picture that’s emerging, Epstein and others say, is that a large share of diseases in ocean wildlife traces to a complex interplay of human activities and perturbations of Earth’s climate.

Over the past 15 years, for instance, “there has been a very striking increase in the frequency and extent of harmful algal blooms,” notes JoAnn M. Burkholder, an aquatic botanist at North Carolina State University in Raleigh. HEED’s data now link many of these blooms of poison-producing algae to pollution (SN: 9/27/97, p. 202) and a widespread warming of coastal and shallow waters. Moreover, Burkholder observes, HEED’s data suggest that the ecological impacts of these blooms are more pervasive than most biologists had realized. 

Historically, she says, scientists have focused on the acute effects of these blooms—fish kills or a few human deaths from downing contaminated shellfish. “But it was always assumed that unless the fish died, they were not affected.” 

In retrospect, she says, that was naive. “We now know that fin fish and shellfish can and do get sick from toxins of harmful algae.” They can develop cancer, their reproduction can be impaired, and their immune system can lose its ability to fend off disease. HEED’s data, she says, are tying the toxins produced by microscopic algae to such problems.

Researchers at the Florida Marine Research Institute in St. Petersburg contributed some of those data. A few years ago there, Jan H. Landsberg began examining whether certain algal toxins, which  stimulate cancer growth in mice, might also play a role in the growing incidence of tumors in East Coast shellfish.

By layering maps of algae blooms over regions of high tumor incidence and correlating the dates of blooms to reports of tumors, “I found a very compelling picture,” Landsberg told Science News. “You see that high rates [of shellfish tumors] cluster very strongly with the incidence of algal blooms.” In particular, the tumors appeared linked to surface blooms of Alexandrium algae off New England. 

The association could be just circumstantial, she admits. She and her colleagues hope to find out by testing. And that, Landsberg notes, is what HEED’s all about—pointing out what associations to scrutinize and where.

Other algae, whose poisons induce the development of papilloma tumors in mice, are suspected of playing a role in triggering devastating tumors in sea turtles, she says. The suspect species is a dinoflagellate—a member of a broad class of algae that include Pfiesteria (SN: 9/6/97, p. 149) and algae that cause blooms known as red tides.

Though benign, the tumors can affect the turtles’ ability to see or eat.

Because this dinoflagellate tends to dwell on the ocean floor, it doesn’t produce colorful surface blooms. It does, however, produce a toxin—okadaic acid—that has been associated with a problem called diarrheic shellfish poisoning in people. “We’re now proposing that the long-term effect of the turtles’ chronic exposure to okadaic acid may be a high risk of these tumors,” Landsberg says.

Last year, she began collaborating with researchers studying green sea turtles in Hawaii. They are mapping the incidence of the large tumors, called fibropapillomas, and concentrations of the particular dinoflagellate suspects. “And we have found that there are much higher levels of these particular dinoflagellates in what we’d call the high-risk areas versus those where turtles have no tumors,” Landsberg says.

An as yet unidentified virus is also suspected of playing a role. The tumors afflict primarily immature turtles at rates that vary widely by region and even from year to year, observes Barbara Schroeder, sea turtle coordinator for the National Marine Fisheries Service in Silver Spring, Md. However, Landsberg says that her data suggest that the virus does not cause tumors unless the algae toxin is also present.

Fueling a suspicion that pollution also plays a role, Landsberg says, is the fact that the tumors tend to occur primarily among turtles in waters “where there is a lot of runoff of nutrients from land activities, pollutants that are likely to help fertilize the growth of these algae.”

These same fertilizing pollutants, principally nitrogen and phosphorous, are also being tied to ailing sea-grass beds along the northern and middle Atlantic U.S. coasts. Here, meadows of eel grass (Zostera marina) have served as important nurseries for young fish. Increasingly, however, these marine prairies have been plagued by a “wasting disease,” in which a slimy fungus turns leaves brown.

Unlike almost all other plants, this grass lacks the ability to shut off the uptake of nitrate through its leaves, Burkholder has found. She notes that in nutrient-poor coastal areas, this would have proved a selective advantage. 

“But Zostera never anticipated dealing with us,” she adds, wryly. In waters fed with municipal sewage, livestock wastes, and crop fertilizer runoff, these plants are now drowning in nitrogen. Once their small storage sites fill to capacity, the plant produces amino acids nonstop, quickly drawing down internal stores of carbon. These plants “literally begin starving themselves internally for carbon,” she says. The result is that “overenrichment of nitrate can kill these plants” or render them so stressed that they can’t ward off the deadly fungus.

A far more unusual pollutant, apparently from tilled soil or deforested lands, began showing up on Caribbean sea fans about 15 years ago. These sea fans are a type of soft coral.

Garriet W. Smith of the University of South Carolina in Aiken and his colleagues traced a deadly infection in the fans to the normally land-bound fungus Aspergillus. Smith’s team now suspects that eroded soil particles that are washed to sea ferry the pathogen to its marine hosts.

Once in the water, the fungi seem unable to produce reproductive spores. The researchers argue that the sea-fan infections would probably die out without a continuing importation of fungi from land.

Until recently, scientists typically investigated marine disease outbreaks as isolated incidents. The idea that some might be linked struck Epstein when he began ruminating about a host of events in 1987. 

That was a year of sea-grass die-offs around Florida and increased bleaching of Caribbean corals. Large numbers of whales and dolphins stranded themselves on Cape Cod. A toxic alga that causes neurologic poisoning in people who eat tainted shellfish and normally is confined to the Gulf of Mexico made a dramatic northward extension to Cape Hatteras, N.C. And a common, one-celled alga—a Pseudo-nitzschia diatom—was implicated for the first time in disease; tainted shellfish killed three people and sickened 100 others.

“You may remember that 1987 was also a large El Niño event,” Epstein says, referring to the recurring global climate phenomenon signaled by upwellings of warm waters in the eastern Pacific (SN: 1/24/87, p. 55). That fact and the coincidence of environmental problems suddenly suggested to him that climate might be liable for the problems, some directly and some by interacting with local pollutants and conditions. To test the role of global climate, he began comparing the number of epidemic events in years with and without an El Niño.

 “El Niño years tend to be warmer and wetter in the Northern Hemisphere overall,” Epstein says. That leads to more extreme events in regional weather. An El Niño can play out as hotter summers or colder winters; one region may experience protracted droughts, while others fall prey to a rapid succession of flood-provoking storms. 

HEED’s data now show that many ocean disease outbreaks peaked during El Niño events. This suggests “a significant climatic influence on the interactions among hosts, pathogens, and the environment,” says Epstein.

Upon reflection, that’s not surprising, he says. Warmer waters can alter the metabolism of microbes, sometimes increasing organisms’ energy use by a factor of 10. In the ocean, this might foster algae blooms, he notes.

Unusually heavy rains have the potential to wash large amounts of pollutants to sea. The pesticides and wastes can directly suppress large organisms’ immune systems, and the nutrients can fertilize the growth of toxic algae. When researchers combine the maps developed by HEED, Epstein says, algae emerge as “a key leading indicator of ocean health.”

With HEED—or better yet, a global version of it—scientists can systematically scout for trends that go beyond a single species or ecosystem, Epstein maintains. Satellite imagery might turn up signs of nascent algae blooms or heavy runoff, allowing researchers to quickly sample affected waters for poison-producing organisms. Where burgeoning communities of toxic algae are identified, health warnings could go out along with notices to temporarily close affected fisheries and beaches. 

Long term, governments might be able to monitor the complex interplay of stressed ecosystems to learn where protective measures might offer the biggest payoff, Epstein says. For instance, they could impose tighter restrictions on animal waste and fertilizer runoff into surface waters.

“The biosphere—the place where life occurs—is 95 percent ocean,” observes Earle, herself an oceanographer. Not only does the marine world house and feed much of the planet’s life, but it also governs the climate and habitability of the planet. It’s not an exaggeration to consider the oceans to be Earth’s primary “life-support systems,” she maintains.

“So if the oceans are in trouble,” Earle argues, “so are we. And the oceans are in trouble.” With research and stronger pollution controls, she adds, that needn’t remain the case. 

She advocates “a vigorous commitment” to ocean exploration and research—activities that probe not only threats to marine productivity but also the interplay of climate with ocean circulation and chemistry.

Fortunately, Earle says, “awareness of the need to explore our own aquatic backyard is growing” in the United States. A partnership of NOAA, the National Geographic Society, and the Goldman Fund, a private philanthropy, has just launched a 5-year program to explore the nation’s continental shelf using newly developed submersible technologies. The goal is to establish ocean-monitoring programs and to survey native wildlife in marine sanctuaries, the undersea counterparts of national parks.

“As the century and millennium come to a close, there is an urgent need to consider the ocean as not just the ‘next frontier,’” Earle says, but as the means to sustaining humanity’s teaming masses on what is essentially “an aquatic planet.” 
 n

This coral suffered bleaching and subsequent infection with black-band disease. Now, the stressed colony of tiny animals is in the throes of a third plague: It’s being overgrown by algae and other opportunistic organisms.

This sea fan has been hit by a potentially lethal infection of Aspergillus, a normally land-based fungus. The reddish growth is a secondary infection with cyano-bacteria.

Turtle grass off the south coast of Florida, infected with a lethal slime mold.

An initially unexplained 1996 die-off of Florida manatees was eventually tied to poisons produced by an unseasonable bloom of red-tide algae.

A Little Mass 

Goes a Long Way

Fresh evidence for neutrino mass may open a new frontier in physics

By Peter Weiss

Aging particle physicists can relive the 1960s without squeezing into old bell-bottoms or blaring dusty Jimi Hendrix albums. Who needs mass protests to feel alive when neutrino mass may be sparking an upheaval in particle physics unlike anything seen since the Vietnam War era?

Until last year, the possibility that the wispy neutrino—a barely detectable subatomic particle—has some substance was considered intriguing but speculative. The standard model of physics, which accounts for elementary particles and the forces that act between them, holds that neutrinos have no mass. Evidence of neutrino mass would pose the first real challenge to the model, which has existed in roughly its current form since the late 1970s.

For the past 2 decades, particle physicists have occupied themselves mostly with minor repairs to the standard model. That’s been a far cry from the ferment of earlier years, when new particle accelerators spawned a zoo of exotic particles that theorists scrambled to explain.

Then in June 1998, the prospects for neutrino mass changed. Researchers from the Super-Kamiokande neutrino detector in Kamioka, Japan, unveiled two years of data that carried a striking message. Many neutrinos produced by high-energy particle collisions in Earth’s upper atmosphere were failing to appear at the detector a thousand meters underground (SN: 6/13/98, p. 374). The most likely explanation, physicists say, is that muon neutrinos, the type produced on high, were changing into tau neutrinos, which the detector can’t pick up. For neutrinos to make such transformations, or oscillations, they must, by the rules of quantum mechanics, have mass.

The idea of neutrino oscillations first surfaced in the late 1950s, a brainstorm of theorist Bruno Pontecorvo. Also, experiments dating back decades have found evidence of the phenomenon. For the first time, however, the Super-Kamiokande group had gathered enough measurements with enough precision to make most physicists sit up and take notice. Now, their colleagues say that the discovery of neutrino mass may open a new frontier for physics, the way Sputnik did for space exploration. 

“It’s as though we are now back in the  ‘60s, in the period before the standard model, when the experiments were giving hints to what direction the theory should go,” says Carl H. Albright of Northern Illinois University in DeKalb and the Fermi National Accelerator Laboratory in Batavia, Ill.

“This is a good time to be alive if you are a neutrino experimenter,” says John N. Bahcall of the Institute for Advanced Study in Princeton, N.J. “There are things out there to be measured that will change the way we look at physics.”

Knowing the heft of neutrinos may help scientists account for the cosmological dark matter, invisible material thought to constitute a large fraction of the mass of the universe (SN: 1/16/99, p. 38). It may also help astrophysicists solve the riddles of how uranium and other heavy elements originated in stellar explosions called supernovas and why the universe has more matter than antimatter. 

More fundamentally, recent findings hint at some “new physics,” the scientists say. The results suggest the possibility of new types of subatomic particles, such as a superheavy neutrino and a neutrino so ghostlike and unable to interact with other matter that physicists describe it as “sterile.” 

Eventually, by weighing neutrinos, physicists may also gain their first experimental toehold on one of the central questions of modern physics that continually frustrated Albert Einstein and remains unanswered: Do the basic forces in nature originate from a single fundamental superforce?

“It’s felt that there must be some simpler, more elegant underlying theory that explains everything,” says theorist Paul G. Langacker of the University of Pennsylvania in Philadelphia. “The time wasn’t ripe for Einstein, but it may be ripe now.”

Catching a whiff of these possibilities, theorists have published articles about neutrinos at a frenzied pace during the past 7 months. Experimentalists have been rushing ahead with planned experiments and dreaming up new ones.

By summer, Canada’s Sudbury (Ontario) Neutrino Observatory (SNO) is expected to finish the process begun last September of filling the detector tank with heavy water, which contains deuterium instead of hydrogen. Researchers will then start recording neutrinos from the sun. 

In Japan, an experiment known as K2K was slated to fire up its neutrino beam for the first time this week. The acronym stands for KEK-to-Kamioka, because neutrinos generated at Japan’s High Energy Accelerator Research Organization (KEK) in Tsukuba will zip unimpeded through earth and rock before reaching the Super-Kamiokande detector 250 kilometers away.

This week, neutrino experts from around the world were to meet in South Africa to review experimental progress and to discuss other aspects of the neutrino-mass hunt. The enterprise of pursuing neutrino mass has grown so large and diverse that Maury Goodman of Argonne (Ill.) National Laboratory, an experimentalist and author of a monthly Internet newsletter about the various efforts, refers to them collectively as the “neutrino oscillation industry.”

In the standard model of physics, neutrinos come in three flavors: electron neutrino, muon neutrino, and tau neutrino. They all lack mass and charge, and they scarcely ever interact with other matter. Some 300 of these particles, remnants of the Big Bang, course through every cubic centimeter of space at any moment. Others pour out of the sun as products of nuclear fusion, and some come from human-made nuclear fission reactors. Some rain down on Earth when ultrahigh-energy protons, known as cosmic rays, smash into atoms in our planet’s upper atmosphere. 

Neutrino observers use large underground detectors—a liquid-filled tank surrounded by photodetectors, for instance, or a stack of charged metal plates—to measure the light or current produced by reactions between neutrinos and detector materials.

For more than 30 years, theorists have proposed that neutrinos of different flavors might be able to metamorphose into each other. Counts of solar and atmospheric neutrinos have for decades revealed shortfalls from theoretical expectations, indicating experimentally that neutrino oscillations might be taking place and that neutrinos might have mass.

Until now, those investigations have taken place in their own special niche, but the Super-Kamiokande detector has pushed the neutrino onto a larger stage. Before last June, “only 5 to 10 percent of the particle-physics community was really intimately aware of what was going on with the neutrinos,” Langacker says. The Super-Kamiokande results “convinced the other 90 percent that this is for real and it’s worthy of being taken seriously.”

More curious than ever about every little nuance of neutrinos, researchers demand firmer evidence that the particles oscillate. The scientists also want answers to a host of questions: How many neutrino types are there after all? What is the mass of each? Which oscillates into which, how often, and why?  

Both theory and experiment so far suggest that any neutrino masses would be so peculiarly small as to be far out of line with the masses of all other forms of matter. Physicists again ask: Why?

Shadowy answers have emerged from the experimental data—at least to the question of how massive each of the neutrino flavors is—and physicists are struggling  to make sense out of them. It all depends on which experiments the researchers consider. Knowing neutrino energies and the distances they travel, physicists can roughly gauge the differences in mass between oscillating flavors.

A now discontinued project known as the Liquid Scintillator Neutrino Detector (LSND) experiment at Los Alamos (N.M.) National Laboratory (SN: 5/18/96, p. 319) indicated a relatively large mass difference between muon and electron neutrinos. The Los Alamos researchers used an accelerator to fire neutrinos into a tank of mineral oil, finding that muon neutrinos changed into electron neutrinos en route. The mass-difference estimate they came up with was about 1 electron volt. (Physicists habitually use the electron volt, an energy unit, to describe particle mass. In so doing, they rely on the equivalence of mass and energy established by Einstein.)

However, solar and atmospheric experiments indicate mass differences among neutrinos incompatible with the LSND findings. Enter the sterile neutrino. “You really need four neutrinos to explain such effects,” Albright says. Theorists resolve the conflicting results by having electron neutrinos in the solar experiments oscillate into sterile neutrinos.

Yet, there is no direct evidence for a fourth neutrino. So, many physicists suspect the LSND results are wrong. An ongoing experiment in England called the Karls-ruhe-Rutherford Medium-Energy Neutrino Experiment, or KARMEN, has tried unsuccessfully so far to reproduce them. 

Postulating a new, lightweight particle so evanescent that it can’t be detected rubs some physicists the wrong way. “It’s not the most elegant and attractive hypothesis you can invent. In fact, it’s rather ugly,” Bahcall says.

Many scientists believe that neutrino mass will be in the same size range as the estimated differences. At the weightiest figure, 1 eV from LSND, these extraordinarily plentiful particles could make up a significant chunk of the presumed dark matter in the universe. If neutrinos prove to have lower mass, they would still likely contribute to the dark matter but not in a decisive way, researchers say.

Beyond details of which particle has how much mass, physicists also hope to determine what theoretical mechanism causes neutrinos to have mass at all. 

Experimental results such as Super-Kamiokande “open things wide to theoretical speculation as to what could be causing these mass differences,” says theorist William J. Marciano of Brookhaven National Laboratory in Upton, N.Y.

For now, speculation centers on another possible new type of particle: superheavy neutrinos. In equations that relate these postulated heavyweights to the known neutrinos, the mass of ordinary neutrinos becomes lower if the mass of their superheavy partners is made higher. Physicists describe the link as a quantum-mechanical “see-saw.”

The physics community itches for answers to neutrino questions, and experimenters are moving ahead on many fronts to find them. Many scientists see Canada’s SNO as the best bet for quick proof of neutrino oscillations.

The great promise of SNO lies in its detector’s unique use of deuterium, an isotope of hydrogen with an extra neutron, which reacts with neutrinos in two ways. One reaction takes place only with electron neutrinos, the sole type that the sun emits. The other occurs equally for all three neutrino flavors. Comparison of the rates of the two reactions should allow scientists to know with unprecedented certainty whether electron neutrinos are transforming into muon or tau neutrinos.

Escaping the vagaries of using natural neutrino sources, K2K is the first of a new generation of accelerator-based experiments. These so-called long-baseline experiments will fire neutrinos hundreds of kilometers to verify independently the Super-Kamiokande results. Fermilab is building a detector, and physicists have proposed another similar experiment for Europe. The neutrino flight paths of each would extend about three times the distance of K2K. Because these experiments use accelerators to make their neutrinos, researchers expect to gain much greater control over what is headed for their detectors. 

Aside from SNO and long-baseline projects, many other experiments of various types are expected to contribute pieces to the puzzle. Some researchers use nuclear reactors to fire neutrinos over relatively short distances. Others are studying the decay of neutrons, which release the antimatter partners of neutrinos, to more deeply probe the nature of neutrinos.

Data from astronomical observations may also shed some light. Two upcoming satellite studies of the cosmic background radiation could yield evidence for or against a fourth neutrino’s existence. Also, a recently inaugurated telescope survey of the distribution of galaxies in space could provide a new estimate of neutrino mass. “It looks like astronomers will actually be able to say something about neutrino physics,” says Subir Sarkar of the University of Oxford in England.

With so many voices expected to chime in during the next few years, Albright predicts a rapid denouement to the hunt for neutrino mass. “We’ll have the mystery pretty much unraveled in a 5-to-7­year period,” he predicts.

Langacker senses that neutrino oscillations may be the first step toward an even  bigger prize, a theory of everything, which could unite all the forces in the universe, including gravity, in a single framework—perhaps within the next 20 years. 

 “We will have the new ideas, the new probes, the neutrino masses, and the new accelerators,” he says. “It’s a very, very exciting time for understanding nature at the most fundamental level.” 
The promise of his utopian vision hints that more than just the uncertainty of the ‘60s is back.
 n

Although deep underground in an active nickel mine, workers build the detector for Canada’s Sudbury (Ottawa) Neutrino Observatory to cleanliness standards that allow less than a gram of dust on the detector’s interior surfaces.

A circular light flash is detected on the inner wall of the Super-Kamiokande neutrino detector after a muon neutrino plows into an atom’s nucleus in a 40-meter-deep underground tank of water. This display represents the detector as a flattened cylinder, with each photomultiplier tube on the wall as a dot.

Kilometers of rock shield the Sudbury Neutrino Observatory from unwanted radiation. The neutrino detector, the blue bottle surrounded by a geodesic sphere, is suspended in a 10-story cavern.

An acrylic sphere 12 meters across hangs inside a shell of photomultiplier tubes in Canada’s Sudbury (Ottawa) Neutrino Observatory. Shown empty, the sphere will hold 1,000 tons of heavy water. When neutrinos hit the water, buried more than two kilometers deep, the tubes will detect faint flashes.

Biology

Night life discovered for bumblebees

Bumblebees, supposedly your basic daylight travelers, can navigate outside their nests in the dark, researchers have accidentally discovered. 

One night last year, someone left on an infrared monitoring system in a bumblebee colony in the darkened lab of James D. Thomson at the State University of New York at Stony Brook. The next morning, researchers were startled to realize that the bees had slipped out of their nest to visit a feeding station after hours.

Bees must be able to get around in the dark since they live in underground nests, Thomson points out. Yet researchers know little about the dark side of navigation.

Outdoors, some bees will fly in bright moonlight, but they don’t buzz over the landscape in pitch blackness. The lab bees didn’t fly, either. They walked.

Subsequent studies of their late-night hikes suggest they use odor and perhaps some kind of magnetic compass, report Lars Chittka of the University of Würzburg in Germany, Thomson, and their colleagues. The analysis appears in the Jan. 7 Proceedings of the Royal Society of London B.

Bees respond to scents once they reach a flower, but previous studies had not turned up evidence that scent guided foragers. The researchers let bees troop out to the feeder, then removed it and reoriented the surface they walked on. In the next forays, bees headed in the wrong direction, as if still following the scent trails laid down on earlier treks.

When researchers cleaned the surface, the bees headed in the compass direction of the feeder’s original location. Other research has suggested that honeybees and a few other arthropods have internal magnetic compasses, but this evidence is new for bumblebees.

 In another novel finding, the lab bees going out to forage showed two rush-hour peaks: one in full light at midday and one in the dark at midnight. 


  —S.M.  

Do parasites explain female promiscuity?

An experiment with bumblebees provides the most direct evidence yet for a theory explaining why females of so many species go to the trouble of mating with more than one male.

Such behavior has puzzled biologists because of “the obvious costs of time, energy, and exposure to predation,” as Boris Baer and Paul Schmid-Hempel put it in the Jan. 14 Nature. The researchers, from ETH Zurich in Switzerland, point out that some social insects “carry this behavior to extremes.” Virgin honeybee queens mate with 10 to 20 males during a once-in-a-lifetime round of midair sex.

Female insects can give birth to broods with multiple fathers, and theorists have proposed that boosting the genetic diversity of a brood should make the colony better able to withstand parasites.

Baer and Schmid-Hempel artificially inseminated bumblebee queens with either low- or high-diversity sperm. The colonies that the queens founded foraged outdoors, where workers encounter all sorts of menaces. The seven high-diversity colonies ended up with fewer parasites and greater reproductive success, on average, than the low-diversity colonies. 

William D. Hamilton of the University of Oxford in England, one of the theorists who proposed the parasite idea, greeted the work warmly. Besides helping explain the forces behind insect orgies, he says, the paper may also help resolve another mystery, “perhaps the very greatest of the subject—that of why sexual reproduction so often prevails over its obviously far more efficient alternative, female-female parthenogenesis.”

Would female animals be more likely just to give birth without male input if it weren’t for the risks of parasites? The new study, Hamilton muses, “reflects on a lot that we all care about—on love, for example, and all its troubles, and on all the rest of the wonderful, yet confusing, patterns that sex creates.”    


  —S.M.

Astronomy

From Austin, Texas, at a meeting of the American Astronomical Society

Solar system planets: Freaks of nature?

The nearly circular orbits of most planets in our solar system may be the exception rather than the rule. Of the 17 known extrasolar planets, the 9 that lie farthest from their parent stars have elongated, egg-shaped paths. 

“For the first time, we have enough extrasolar planets out there to do some comparative study,” says Geoffrey W. Marcy of San Francisco State University and the University of California, Berkeley.

Marcy suggests that the oval orbits may not bode well for life around these stars. As massive planets in such orbits careen close to their parent stars and swoop back out again, they may sweep aside smaller orbs that circle the same star, including any with Earthlike temperatures. “The big bullies may wipe clean the terrestrial planets, rendering [the systems] void of any Earth analogues,” he says.

Astronomers, however, have only been able to detect planets that lie relatively near their host stars, notes William D. Cochran of the University of Texas at Austin. For instance, all nine of the planets with oval orbits venture considerably closer to their parent stars than the distance between Mercury, the solar system’s innermost orb, and the sun. It remains unclear whether extrasolar planets that orbit at greater distances also have elongated paths.

Several scenarios may account for the oval orbits. According to one theory, the gravitational tug between two or more massive planets orbiting the same star may propel each into an elongated orbit. Alternatively, the tug of a neighboring star passing close to the planetary system may distort circular orbits into more elongated shapes.

Elongated orbits may also arise as planets form from the material within a disk of gas and dust surrounding a young star. If a massive planet forms wholesale from the disk, rather than little by little, it may end up with an oval orbit (SN: 8/8/98, p. 88). 

The eight extrasolar planets with more circular orbits all hug their host stars tightly. Their orbits may have been rounded by the immense gravitational influence of their parents.

The nine planets with elongated orbits include a new find announced by Marcy and his colleagues. The planet is at least five times as massive as Jupiter and orbits the star HD168443. Like the other extrasolar planets, this body is not seen directly. Rather, its presence is inferred from the wobble of its parent star.       —R.C. 

Heavy elements: Signposts of planets?

Stars likely to harbor massive planets have a higher abundance of so-called heavy elements than other stars. That’s the conclusion of Guillermo Gonzalez of the University of Washington in Seattle and his colleagues after studying spectra of light from 12 stars whose motions suggest that they possess planets at least as heavy as Jupiter.

Each of the stars has a high abundance of elements—heavier than helium and hydrogen. On average, the stars have two to three times the abundance found in the sun, and one of the stars has the highest amounts of heavy elements of any star examined so far.

The discovery could mean that stars born in clouds of gas and dust rich in heavy elements are more likely than others to spawn massive planets. Alternatively, it could provide indirect evidence of planet migration. In this process, a giant planet moves toward its parent star, causing material that lies between the two—either smaller planets or remnants of the gas and dust from which planets grew—to spiral into the star. Swallowing such material would boost the star’s supply of heavy elements.

Either way, notes Gonzalez, a high abundance of heavy elements could be another clue that a star harbors giant planets. 

                  —R.C.

New radio map of Milky Way’s center

From a monster black hole to mysterious filaments of gas, the center of the Milky Way offers astronomers a wide variety of attractions. Now, researchers have produced the largest and most detailed radio-wavelength atlas of the galactic center.

The image is based on a new computer analysis of observations taken a decade ago with the Very Large Array (VLA), a network of 27 radio telescopes near Socorro, N.M. By more accurately accounting for the geometry of this Y-shaped telescope array, astronomers sharpened a previous radio map generated from observations made at a wavelength of 90 centimeters.

At this wavelength, notes Namir E. Kassim of the Naval Research Laboratory in Washington, D.C., radio telescopes can detect two very different types of emissions: ionized gas heated by hot stars and high-speed electrons accelerated by the strong magnetic fields found at the galactic center.

In the high-resolution map, Kassim and his colleagues found the second-closest supernova remnant to the galaxy’s center. Known as SNR 0.3+0.0, the remnant—an expanding shell of gas hurled into space by a supernova explosion—lies about 150 light-years from the Milky Way’s core.

Kassim and Dale A. Frail of the National Radio Astronomy Observatory in Socorro discovered a large filament, dubbed the pelican because of its shape when viewed in an enlarged image. At about 1,000 light-years from the center of the galaxy, the pelican is the most distant filament from the core and the only one aligned with the plane of the galaxy. All other filaments are aligned perpendicular to the plane.

Like iron filings, the orientations of the filaments are presumed to trace the direction of the magnetic field at the core. Kassim suggests that the pelican has a different alignment because the galactic magnetic field has changed direction in that outlying region. 

Radio astronomers including Kassim are now taking a new set of VLA observations at the 90-cm wavelength. Their goal is to determine if any of the radio sources has changed since the original data were recorded in 1989. Simultaneously, the team is constructing the first radio map ever recorded at a wavelength of 4 meters. Astronomers are hoping that the 4-m map, which should show details not apparent at shorter wavelengths, will turn out to be as important a touchstone for explorers of the galactic center as the 90-cm map has already become. 


   —R.C.

Radio atlas of the galactic center.

