books

The Dictionary of Languages: The Definitive Reference to More than 400 Languages—Andrew Dalby. Although estimates indicate the existence of 5,000 languages, Dalby focuses on those with at least 1 million speakers. From Abkhaz to Zulu, entries specify the number of speakers and maps of the locations where the language prevails. A political, social, and historical background includes links to other languages and dialects—all for the benefit of the nonspecialist. Columbia U Pr, 1998, 733 p., hardcover, $50.00 

How We Remember and Why We Forget—Rebecca Rupp. Rupp reveals the intricacies of recall through charming literary examples in the form of quotes, poems, and even the Gettysburg Address. Dozens of vignettes touch on the various aspects of memory, the brain mechanisms that produce memory, the study of memory through PET scans and MRIs, suppression of memory, and of course, memory loss in both the short and long terms. This lucid, entertaining volume concludes with a series of mnemonics—which you will hopefully remember. Originally published as Committed to Memory in hardcover in 1998. Three Rivers Pr, 1999, 331 p., paperback, $14.00. 

A Mathematical Mystery Tour: Discovering the Truth and Beauty of the Cosmos—A. K. Dewdney. In addition to giving his name to a key theorem, Ancient Greek mathematician Pythagoras was the first to suspect that mathematics underlies every element of the cosmos. For 2,500 years, math has consistently proven relevant to defining elements of the physical world. This has caused ancients and moderns alike to explore whether math is created or discovered. Dewdney’s fictional journey through myriad achievements in mathematical history tracks the progress of this quest. He visits Pythagoras and his successors from Al-Khwarizimi and his marvelous “House of Wisdom” to Alan Turing and his revolutionary notions of computing. Wiley, 1999, 218 p., hardcover, $22.95. 

Natural Enemies Handbook: The Illustrated Guide to Biological Pest Control—Mary Louise Flint and Steve H. Dreistadt. Produced under the auspices of the University of California Integrated Pest Management Program, this guide is bolstered by solid research but is also approachable and easy to use. With an emphasis on fieldwork and illustrations, the main theme is: Know thy enemy. Charts listing arthropod pests and their natural enemies—predators, parasites, and pathogens—are abundant and detailed. One chapter is also dedicated to the natural enemies of weeds. U CA Pr, 1998, 154 p., color photos/illus., paperback, $34.95. 

The Pattern of Evolution—Niles Eldredge. With Stephen Jay Gould, Eldredge is the father of the evolutionary theory called punctuated equilibria. This idea holds that evolution is episodic, with life developing freely in between mass extinctions caused by climatic catastrophes or a shifting geosphere. Eldredge furthers this evolutionary view by linking the patterns of Earth’s evolution with the evolution of life, placing the whole process in an ecological context. As Eldredge states, “Science is a search for resonance between mind and natural pattern.” This linkage starkly contrasts with his rival Richard Dawkin’s Darwinistic approach centered on the competition of genes. Freeman, 1999, 219 p., b&w photos/illus., hardcover, $24.95. 

Physics in the 20th Century—Curt Suplee. This retrospective fashions physical concepts and achievements into a visual tour. Some photos depict moments of discovery, while others represent the century’s extraordinary advances in instrumentation. A science writer for The Washington Post, Suplee capably translates the field in seven chapters titled Atom, Spectrum, Quantum, Structure, Nucleus, Chaos and Order, and Cosmos. Extensive captions add depth to an amazing idea for a coffee-table book. Abrams, 1999, 223 p., color/ b&w photos/illus., hardcover, $49.50.

Taylor’s Guide to Growing North America’s Favorite Plants: Proven Perennials, Annuals, Flowering Trees, Shrubs, and Vines for Every Garden—Barbara W. Ellis. As the doldrums of winter subside and plans for ornamental gardens flourish, this handy guide aims to fortify one’s planting acumen. The term “favorite” is used loosely to take into account fragrance, foliage, ease of cultivation, appropriateness to sites, and so on. Thus, entries describe soil requirements, selection tips, bloom time, hardiness, sun or shade preference, potential problems, landscape uses, and proper care through the seasons. The book includes 80 different genera and color photos of hundreds of species. HM, 1998, 342 p., color photos, hardcover, $35.00.  

Vegetables Rock! A Complete Guide for Teenage Vegetarians—Stephanie Pierson. Confronted by the news that her 13-year-old daughter had forsaken meat, Pierson went about discerning the hows and whys of vegetarian and vegan diets. Writing in a breezy style for both parents and young people, Pierson outlines nutritional requirements for teens and how a meatfree lifestyle fulfills those needs. Kid-friendly recipes and a source list make up the last half of the book. Bantam, 1999, 221 p., paperback, $12.95. 

letters

Breast milk is best milk

Shame on you for failing to include an editors’ note that mother’s milk is the best food for all babies, especially premature infants (“Preemie diets linked to IQ,” 12/5/98, 

p. 358). Studies have shown that human infants who are fed human milk have better brain development and thus higher IQ scores than their formula-fed contemporaries. Numerous other benefits of breast milk include better infant resistance to disease, lower incidence of obesity in adulthood, and lower incidence of various female cancers in the nursing mother. Past articles in Science News have discussed benefits of breast-feeding. Too bad you missed another opportunity to get the word out.

Michelle Walden

Austin, Texas

Don’t discount psychoanalysis

I appreciated your article on the Freud exhibit very much (“Dr. Freud goes to Washington,” SN: 11/28/98, p. 347). I have one minor comment, however. You quote Drew Westen as reporting that there is no solid evidence for the effectiveness of psychoanalysis or psychotherapy beyond 2 years after the completion of treatment. Although there are studies that do demonstrate the long-term effectiveness of psychotherapy, a more important point involves the difficulty in assessing long-term gains for all psychiatric and psychological treatments because of the complex interactions of multiple variables and the unanticipated vagaries of life.

Leon Hoffman

The American Psychoanalytic Association

New York, N.Y.

The objective vision thing

The lack of creative thought in science as it is practiced today is the obvious place for well-deserved criticism (“Objective visions,” SN: 12/5/98, p. 360). The true criteria of objectivity, however, remain as always reproducibility and the ability to predict a result not yet obtained. And the clever experiment is still the one in which the experimenter has seen what everyone has seen and thought what no one has thought. That such substantial leaps occur rarely must be true, almost by definition, but that they still do occur cannot be denied. The very state of the body of knowledge today is testimony to that fact.

Joseph F. Gennaro Jr.

Gainesville, Fla.

There’s vroom to grow, too

As a former auto mechanic, I read the article “Fill ‘er up . . . with veggie oil” (SN: 12/5/98, p. 364) with great interest. You may be interested to know that Bugatti, a very successful competing marque during the ‘20s and ‘30s (especially in Formula 1 racing), designed their engines specifically to be lubricated with refined castor oil. Most of the owners of now-vintage Bugattis still insist on using castor oil—not only from a sense of dedication to Bugatti, but also because this derivative of the castor bean is still considered to be an excellent lubricant.

Seth McQuale

Huntington, N.Y.

A Stirring Tale from inside Earth 

In the quest to solve one of Earth’s biggest puzzles, a team of geophysicists has proposed a new theory for how heat escapes from the planet’s scorching depths. The hypothesis, backed up by fresh discoveries, has the potential to douse a debate that has burned since the concept of plate tectonics revolutionized earth science in the 1960s.

For decades, researchers have tried to discover exactly how heat leaks upward through the great rocky bulk of the planet, called the mantle. Although the mantle is solid stone, the intense heat causes the rock to flow slowly. 

Most seismologists, who peer inside the planet by taking advantage of earthquake waves, see evidence that mantle rock mixes like boiling water in a pot. The hot rock, they say, rises from the bottom of the mantle to the top, cools off, and then sinks back down to complete a current of convection. 

Researchers who study the chemistry of lavas, however, argue that the mantle resembles a double boiler, with separate upper and lower layers that each have their own systems of convection currents. In this case, the rock of the lower mantle, below 660 kilometers in depth, would not mix with that of the upper mantle. 

In the new hypothesis, a team of researchers agrees with the double boiler system, except they picture the division much deeper and bumpier than previously thought. “The model reconciles the geochemical observations with the seismologic observations that have been difficult to reconcile for so long,” says lead author Louise H. Kellogg of the University of California, Davis. Kellogg worked with Bradford H. Hager and Rob D. van der Hilst of the Massachusetts Institute of Technology. They publish their report in the March 19 Science.

According to Kellogg and her coworkers, the mantle has separated itself at a depth of about 1,600 km. Below that undulating partition lies a 1,300-km-thick layer of primitive mantle rock that represents what much of the planet was like in its infancy. Rock above the 1,600-km demarcation, however, has gotten stale, like old chewing gum. Over the 4.5-billion-year history of Earth, the upper half of the mantle has lost much of its allotment of gases and other important elements, which have congregated in Earth’s crust and atmosphere. 

Kellogg’s team used a computer model to simulate double-layer convection, which carries heat to the surface. In their experiment, the two layers remain separate for billions of years—the geological equivalents of oil and water. 

In the past, researchers have placed the hypothetical boundary at 660 km because that is a natural break point where rock gets squeezed into a more compact structure. Geochemists supported this concept because lavas suggest that the mantle contains a hidden reservoir of pristine rock. Seismic images, however, show pieces of ocean crust sinking well past the 660-km depth—leading the seismologists to reject the idea of a boundary at that level. 

A deeper separation may prove more palatable. Although sinking ocean crust does breach the 660-km level, it meets some type of barrier below 1,600 km, according to a separate report in Science by van der Hilst and Hrafnkell Kárason of MIT. Moreover, analysis of earthquake waves indicates that the lowermost mantle contains different rock than the upper two-thirds, they say.

In a third Science paper, a Japanese and a British researcher report finding a thin sheet of rock, which they interpret to be old ocean crust, sitting about 1,400 to 1,600 km below the Pacific seafloor. Kellogg notes that this depth is just above the proposed boundary between the primitive lower mantle and the stale mantle rock above. “You might expect to see old crust piled up there,” she says.

The new hypothesis has given geoscientists a different target on which to focus their attention. “It is an important model that we need to test,” says Kenneth C. Creager, a seismologist at the University of Washington in Seattle. 

That sentiment is echoed by Albrecht Hofmann of the Max Planck Institute for Chemistry in Mainz, Germany. “As a geochemist, I’m quite excited about exploring the further consequences of all this.” 
     —R. Monastersky

New theory for Earth’s mantle: A reservoir of primitive rock (light orange) remains stuck near the bottom. Ocean crust sinks (blue) but doesn’t mix with lower layer.

Newly launched spacecraft loses its cool  

A hot WIRE is a dead WIRE.

Half an hour after its launch March 4, NASA’s Wide-Field Infrared Explorer (WIRE) did something it shouldn’t have done for 3 days. It popped open the lid covering its telescope.

The lid was designed to stay closed until the spacecraft’s solar arrays pointed at the sun. That orientation would have kept the telescope looking safely in the opposite direction. Opening the lid prematurely allowed sunlight to strike the telescope’s supply of frozen hydrogen, heating it up and causing it to vent into space.

The frozen hydrogen was needed to reduce the telescope’s own infrared emissions, which would otherwise interfere with infrared observations of faint objects in the cosmos. With its entire supply of frozen hydrogen gone, WIRE’s 4-month mission, intended to discover newborn galaxies and explore the history of star formation, ended before it ever began.

The rapid venting set the satellite spinning, but engineers have now regained control of the craft, says James Watzin of NASA’s Goddard Space Flight Center in Greenbelt, Md. 

WIRE is one of the agency’s small explorer missions, an armada of low-cost craft instituted under NASA administrator Dan S. Goldin’s mantra of “faster, better, cheaper.”  However, it’s unclear if cost cutting played a role in WIRE’s demise. Scientists have not found any obvious design flaws, says Watzin. A NASA panel is now investigating the matter.

The mission included several innovations. The satellite was the first to be built entirely from bonded graphite epoxy, a low-weight material, rather than metal. A special design allowed just 16 kilograms of frozen hydrogen to cool the telescope. In addition, WIRE’s computer could, in a sense, think in advance. It could calculate how to maneuver the telescope to view the next target while still focused on its current one.

“People should keep in mind that every time you launch a mission that’s pushing the envelope of new techniques and new technology, you have the potential for failure,” Watzin says.                                       —R. Cowen

Why cutting fats may harm the heart

Since dietary fats can play a role in boosting blood-cholesterol concentrations and heart-disease risk, does it make sense to short-circuit the process by dramatically paring fats from the diet?

For most men, at least, the answer may prove an emphatic no, according to new research conducted at Lawrence Berkeley (Calif.) National Laboratory (LBNL). 

In most people, genetic programming directs the body to respond to drops in total dietary fat by repackaging fatty particles called lipids, the study shows. In general, these changes tend to increase risk of cardiovascular disease, notes Ronald M. Krauss, who led the research. 

In a pair of earlier studies, his team directed 238 healthy men to spend periods of 3 to 6 weeks eating each of two diets: one deriving at least 40 percent of its calories from fats, and the other with just 20 to 24 percent fat. 

While on the high-fat diet, one-quarter of the volunteers exhibited a worrisome blood- lipid profile. Their cholesterol-shuttling, low-density lipoproteins (LDLs)—the so-called bad lipoproteins—were 

unusually small and dense. Such small LDLs have been linked to an especially high risk of heart disease (SN: 9/21/96, p. 182). 

Even more troubling, when the men with normal-size LDLs ate the low-fat diet, a third of them began making the small, dense LDLs. With this change came an increase in blood concentrations of triglycerides, another heart-disease high-risk factor, and a drop in the cholesterol exiting their blood via high-density lipoproteins (HDLs), the good lipoproteins.

In the most recent work, the LBNL researchers selected 38 men who had proven resistant to lipid changes in the previous studies and put them on an even lower-fat diet. For 10 days, they ate menus deriving just 10 percent of their calories from fat. Once again, a third began making the especially small LDLs, Krauss’s group reports in the March American Journal of Clinical Nutrition. 

These men also increased their triglycerides and decreased HDLs—especially HDL2B, which is considered especially beneficial.

In contrast to the earlier two studies, the men whose lipid profiles changed in this test also exhibited an increase in blood concentrations of intermediate-density lipoproteins (IDLs). Though most physicians don’t measure IDLs, studies that assayed them generally found high levels “to be the indicator most strongly connected to heart-disease risk,” Krauss notes. “It trumps all other standard [lipid] measurements in predicting risk.” 

Overall, the LBNL data indicate that at least two-thirds of men carry genes for these lipid disturbances, though in most cases the effects only show up on a low-fat diet. Krauss suspects that the benefits of exercise and low calorie intake may compensate for the increased risk imparted by the adverse lipid profile. 

The data may underestimate the genetic predisposition for lipid change, Krauss contends, since all the volunteers were of normal weight. With obesity, he says, “there’s an even higher prevalence of these lipid disturbances to start with.” 

In fact, he worries that the overweight couch potato—precisely the person physicians often target for a low-fat diet—may face the greatest risk of expressing these lipid disturbances. Certainly, Krauss says, his data argue strongly against a one-size-fits-all approach to advice on fat consumption.

These data “support what a number of us in the nutrition community have been saying—that low-fat diets are not the way to go [to prevent heart disease],” says Meir J. Stampfer of the Harvard School of Public Health in Boston.

“The nutrition community has pushed this notion that fat equals bad,” Stampfer says, “without making distinctions between types of fat.” In fact, he explains, because it’s saturated fats and trans fats (SN: 5/21/94, p. 325) that are bad for the heart, “our message to the public should be to replace them with polyunsaturated and monounsaturated fats” —such as the types in nuts (SN: 11/21/98, p. 328).           — J. Raloff

DNA data yield new human-origins view

The genetic story of human evolution has taken a surprising turn. Anatomically modern Homo sapiens sprang from a population of so-called archaic H. sapiens that lived in Africa around 200,000 years ago, a new DNA investigation suggests. That ancestral group then split into African and Asian branches, which interbred to some extent as they evolved into today’s humans. 

This scenario differs from the two theories of human evolution that have been vying for dominance. Out-of-Africa supporters hold that a single African population of H. sapiens emerged between 100,000 and 200,000 years ago and then spread elsewhere. In 

contrast, multiregional enthusiasts argue that, starting as early as 2 million years ago, human groups in Africa, 

Europe, and Asia interbred enough 

to evolve collectively into modern 

H. sapiens.

“Our data fall between the predictions of current human-origins theories,” says geneticist Jody Hey of Rutgers University in Piscataway, N.J., who conducted the new study with Rutgers anthropologist Eugene E. Harris. “Researchers may need to rethink their inferences about human evolution.”

Harris and Hey examined a nucleotide sequence on the X chromosome of 

16 African and 19 non-African men, as well as 2 chimpanzees. The sequence is part of a gene that regulates the chemical breakdown of glucose in the body.

Samples from the African and non-African groups displayed marked genetic differences, the scientists report in the March 16 Proceedings of the National Academy of Sciences. The variation exceeds that typically seen at other chromosomal sites when populations are compared.

One particular nucleotide sequence occurred in all the Asian men and none of their African counterparts. Comparison of the chimp data with the human allowed the researchers to estimate that this mutation, marking the evolutionary split between the groups, arose about 200,000 years ago.

The oldest sequences, which occurred in the African group, originated approximately 1.9 million years ago, Harris and Hey contend.

The X-chromosome sequence varied greatly among the Africans but little among the Asians. This pattern suggests that natural selection affected this particular gene differently in the two groups, according to Hey.  

Since modern H. sapiens fossils date at most to 130,000 years ago, the 

X-chromosome findings support the notion that an early form of H. sapiens split into separate African populations around 200,000 years ago, Hey says. One group then migrated into Asia, he theorizes, although its members probably didn’t trek far into that continent. 

A modest amount of interbreeding between African and Asian populations then would have fostered the concurrent evolution of modern human traits, in Hey’s view.

“These new DNA data show surprisingly ancient separations in our species,” comments anthropologist Henry C. Harpending of the University of Utah in Salt Lake City. The results contradict mitochondrial DNA studies, including some coauthored by Harpending, which place modern humanity’s roots in a single African population that greatly expanded its numbers around 50,000 years ago as it spread to other regions.

Suspicions have arisen that natural selection can rapidly reshape mitochondrial DNA structure, casting doubt on the ability of that genetic material to clarify the time and place of modern human origins (SN: 2/6/99, p. 88). 


                                                         —B. Bower 

Study links acid reflux, esophageal cancer

The human esophagus gets its share of irritation. Stomach acid bubbling up into this tube often inflames it, resulting in the misnamed but familiar problem of heartburn. An acid-blocking pill or antacid usually seems to take care of the difficulty. 

Researchers, however, have asked whether such chronic inflammation can lead to more serious trouble. Prolonged irritation has been shown to disrupt cell growth. For example, steady inflammation of the liver from hepatitis has been linked to liver cancer. New data suggest a similar risk for the esophagus.

Heartburn, or acid reflux, is more common in patients diagnosed with a cancer called adenocarcinoma of the esophagus than it is in healthy people, Swedish researchers report in the March 18 New England Journal of Medicine. While the study doesn’t prove that acid reflux 

causes cancer, chronic irritation presents “one potential mechanism” for it, says study coauthor Jesper Lagergren, a gastrointestinal surgeon and epidemiologist at the Karolinska Institute in Stockholm.

Esophageal adenocarcinoma is quite rare. Seeking a link with heartburn, Lagergren and his colleagues compared 820 healthy people with 189 patients who had recently been diagnosed with this cancer. The participants had an average age of almost 70.  

The researchers found that 60 percent of the cancer patients had had acid reflux at least once a week for 5 years or more, compared with only 16 percent of the control group. While 3 percent of the controls reported acid reflux more than 3 times a week, 22 percent of the cancer patients did. Likewise, 3 percent of the controls reported reflux going back more than 20 years, compared with 21 percent of the cancer patients.

“This is one of those studies that confirms what everyone believes,” says David Y. Graham, a gastroenterologist at Baylor College of Medicine and the Veterans Affairs Medical Center, both in Houston.

Researchers haven’t ascertained how the cancer develops. The link connecting heartburn and cancer may be a syndrome called Barrett’s esophagus, a precancerous condition in which the lining of the lower esophagus is replaced by cells that resemble stomach-lining cells, says Graham.

Previous studies indicated that about 10 percent of heartburn sufferers have Barrett’s esophagus. Although only about 1 percent of people with Barrett’s esophagus develop esophageal cancer in any given year, it’s still considered a risk 

factor. Most people with esophageal adenocarcinoma have had Barrett’s esophagus.

In the Swedish study, 62 percent of the patients with esophageal adenocarcinoma had signs of Barrett’s. The actual correlation may be much higher because by the time cancer is diagnosed, tumors may have overtaken and obscured the Barrett’s lesions, says Henry P. Parkman of Temple University School of Medicine in Philadelphia.

The new study indicates that people seeking treatment for chronic heartburn might benefit from being tested for Barrett’s esophagus, Parkman adds, so that those who have the condition could be screened for adenocarcinoma.  —N. Seppa

Amoeba betrayed by anticannibal defense

Although substantially smaller than Tyrannosaurus rex, Amoeba proteus terrorizes the cell-eat-cell jungle of a drop of pond water. That dangerous predator, however, shows one weakness in its hunting performance. Some of its prey detect a chemical that the amoeba releases and thrash backwards out of range. In a rare insight into predation, scientists may have figured out why the hunter keeps giving itself away.

The amoeba’s one-celled snacks, members of the genus Euplotes, are just a few of the many organisms that mount a defense on demand—such as fleeing or growing spines or thickening a shell after picking up a chemical cue. These so-called inducible defenses raise a difficult question. What evolutionary benefit could possibly accrue to the predator? 

For amoebas, the answer lies in a vital function of the telltale chemical, proposes Jürgen Kusch of the University of Kaiserslautern in Germany. In the March Ecology, he presents data indicating that the peptide, called A-factor, prevents cannibalism by clone mates.

Some theorists have speculated that evolution would have removed tattle-tale chemicals unless some great benefit to the predator constrained that tendency. Researcher Drew Harvell of Cornell University, coeditor of The Ecology and Evolution of Inducible Defenses (1999, Princeton), comments, “This is the first exper- imental study that I know of that suggests a real constraint.” 

Kusch tested his idea by feeding beads to amoebas. They readily engulfed plain beads or ones coated with albumin. However, amoebas ate few beads treated with A- 

factor and rejected them entirely when concentrations of the peptide became too high.

It could be a self-recognition cue, Kusch says. Amoebas multiply by splitting—no one has observed sex—so clone mates with the same A-factor accumulate. 

“It makes no sense to multiply and afterwards to eat each other,” Kusch says. “It’s a waste of time and of energy.”

Harvell says she wants to see more evidence before accepting self-recognition as A-factor’s main function. 

Kusch’s proposal is “really an interesting idea,” says Stanley Dodson of the University of Wisconsin-Madison. He notes that some theorists have taken a different tack, suggesting that predators benefit from revealing themselves and thus avoiding wiping out their food supply in a single feast. “That’s never been demonstrated,” he says.
—S. Milius

Amoeba proteus gulps beads, about 30 micrometers in diameter, in a test of what might be an anticannibal defense.

Pumping electrons: Look Ma! No heat!

Heat buildup has always plagued electric circuits. As electronic components continue to shrink, even small amounts of heat become troublesome. Now, scientists have developed a way of pumping electrons through tiny circuits that may eliminate the dissipation of energy as damaging heat. 

“This is a new means of making charge move,” says Charles M. Marcus of Stanford University, who led the research. To make their pump, he and his team have used an existing method of making a device known as a quantum dot (SN: 4/11/98, p. 236). The dot confines electrons to a region within a thin layer of a semiconductor or metal.

To move electrons through their pump, the scientists manipulate the wave properties of electrons within the dot. By exploiting those properties, the researchers control current completely via the principles of quantum mechanics—the physics of the smallest bits of matter.

“I think this experiment is very significant,” comments Qian Niu of the University of Texas at Austin. “It is really the first experiment that demonstrates that you can use a pure quantum effect to pump electrons.” He and David J. Thouless of the University of Washington in Seattle formulated theories in the 1980s and early 1990s that indicated the feasibility of such quantum pumping. 

 In previous experiments, scientists have created electron pumps from quantum dots or other electron-confining structures. However, they have always relied to some extent on a classical-physics effect, the mutual electrostatic repulsion of electrons, to control flows in and out of the device. Pumps employing that effect can give electrons extra energy, causing undesired heating. 

The new pump works by varying the probability that an electron is present at any particular location, Marcus explains. A fluctuating pattern of probabilities arises from interference between electron waves.

Marcus and his colleagues at Stanford and the University of California, Santa Barbara fabricated their micrometer-square dot in a sandwich of gallium arsenide and aluminum gallium arsenide. They describe the device, which operates at a frosty 330 millikelvins, in the March 19 Science.

Electrodes plated on the top and bottom surfaces of the semiconductor structure allow the researchers to apply voltages. Some act as confining walls to electrons. Other oscillating signals, intentionally out of sync with each other, drive the pump. When they are on, “it’s as if the walls start to shake,” Marcus says.

The shuddering of the walls shifts the pattern of probabilities that an electron is in a given location, making it possible for electrons to enter the dot from outside and for others to be ejected. 

The research team does not make direct heat measurements on the new device but draws on other experimental indications, as well as theory, to argue that heating is minimal. “Inside the device, it’s reasonable to assume there is a dissipationless current flowing,” Marcus says.                                              —P. Weiss

Microscopic vessels merge to mix molecules

A new technique that blends minuscule amounts of chemicals can help researchers study the biochemical reactions that occur inside cells.

Richard N. Zare of Stanford University and his colleagues encapsulate solutions in tiny spheres, or vesicles, less than 

5 micrometers in diameter. By fusing the vesicles, the researchers allow the solutions to combine and react. 

Clyde F. Wilson of Stanford described the new technique last week at the Pittsburgh Conference in Orlando, Fla. The Stanford researchers and their collaborators from Göteborg University in Sweden and Pomona College in Claremont, Calif., also report their results in the March 19 Science.

“This technique comes closer to mimicking what goes on in cells as opposed to in free solution,” says Zare. In a cell, molecules repeatedly bump into the cell membrane, which affects the reaction rate. “These [vesicles] are the tiniest test tubes you’ve ever heard of,” he says. Each can hold as little as a billionth of a trillionth of a liter (10­21 l).

The researchers make the microscopic containers out of phospholipids, long molecules that assemble into a double-layer membrane. With a laser beam or a thin glass tube, Zare and his colleagues trap the vesicles and move them around. If they bring a pair close together and then zap them with several electric pulses, the two vesicles unite into one.

To demonstrate this fusion, the researchers made containers containing green and red fluorescent dyes and joined them. The contents mixed together, and the resulting single sphere glowed bright orange. They also combined calcium ions in one vesicle with an organic compound in another.

“I think the work is truly amazing,” says Zeev Rosenzweig, a chemist at the University of New Orleans. In a standard test tube, what limits the reaction rate is how fast the molecules can drift toward each other, he notes. In vesicles, however, the reactants don’t have far to travel, so other factors influence the rate.

Rosenzweig thinks that this technique could eventually be used to study reactions between individual molecules. “Try to take two molecules and react them in a beaker, and they will never make it,” he says. In the microscopic test tube, however, one single molecule would have no problem meeting another. 
—C. Wu

Two vesicles, about 5 micrometers in diameter, contain green and red fluorescent dyes (left). After a series of electric pulses, the vesicles fuse together, and the blended dyes appear orange (right).

Drug blockades blood vessels’ energy

Last year, a media frenzy over a new class of drugs raised hopes of a cure for cancer. Researchers have now discovered how one of these drugs may work. This knowledge could guide the development of smaller, more easily produced agents to eradicate tumors.

Angiostatin, one of the promising anticancer drugs, starves mouse tumors by blocking the growth of blood vessels that sustain them (SN: 5/2/98, p. 286). Scientists didn’t know the cellular mechanism underlying the drug’s action. The new discovery suggests that angiostatin deprives blood vessel cells of the energy that they need to proliferate.

Angiostatin sticks to and gums up an enzyme on the cells that line blood vessels, researchers from Duke University Medical Center in Durham, N.C., and their collaborators report in the March 16 Proceedings of the National Academy of Sciences. This enzyme produces adenosine triphosphate (ATP), the compound that cells break down to obtain energy.

Until now, the enzyme, called ATP synthase, had been found only in mitochondria, the energy-generating capsules that reside within cells. The scientists double- and triple-checked their results to make sure that the enzyme indeed coated the blood vessel cells, which they had extracted from human umbilical cord blood.

“I’d wager no one would have guessed that,” says Duke biochemist Gordon G. Hammes, who studied the enzyme when it was first examined 30 years ago.

Although surprising, the finding “fits what’s going on in the tumor microenvironment,” says the study’s lead author, Tammy L. Moser from Duke. Blood vessel cells are able to grow and multiply even in the harsh, oxygen-depleted environment of a cancerous tumor. By creating their own pools of ATP, says study collaborator Salvatore V. Pizzo of Duke, the blood vessel cells survive where other cells die. 

Angiostatin, by putting the squeeze on the blood vessel cells’ source of energy, starves the vessels, whose absence in turn starves the tumor.

Although the drug has raised many hopes, it’s difficult to produce. The business end of angiostatin is folded up in pretzel-shaped “kringles,” named for their resemblance to Danish sugar cookies, says Pizzo. “The problem is that it’s very difficult to produce angiostatin in its native [structure].” 

Knowing angiostatin’s target enzyme, researchers may be able to create less contorted drugs with the same power. “Anytime you find a binding protein for a therapeutic agent, you immediately think: Could you engineer a smaller molecule that . . . could substitute for or mimic the agent?” says Judah Folkman of Children’s Hospital in Boston, who pioneered the study of blood vessel­growth inhibitors to combat cancer.

This class of drugs continues to gain new members. Other Boston researchers report in the same issue of PNAS that they isolated a compound from human cartilage that inhibits blood vessel growth in mice.                                       —L. Helmuth

Minds on 

the Move

Babies extend their 

reach into a world of thought and action

By BRUCE BOWER

Crawling on hands and knees allows this child to swivel his head for a wide-eyed pose.

Before they could stand on two feet or utter a single word, Gabriel and Hannah achieved a remarkable milestone in front of intrigued scientists. In a series of laboratory tests, each child improvised ways to reach out with one of their arms from a sitting position and wrap their fingers around a toy. In the process, they provided glimpses of the unique paths that infants blaze in coordinating their bodies and minds to function in their surroundings.

The babies’ achievement may not sound too impressive to the average grabby adult. However, consider it from another perspective. Not long before, Gabriel and Hannah’s parents had raved when the babies simply lifted their heads off a blanket or later rolled over.

Now, somehow, the two healthy babies had acquired the beginnings of the extraordinary limb control that their parents take for granted in, say, picking up a cup of coffee. This act, rendered routine through years of practice, requires first obtaining a three-dimensional view of the cup and estimating the spot where one’s hand can grip it. Then comes the tricky business of hauling an entire arm through the air so that a few fingers can thread the cup’s handle.

All sorts of split-second adjustments keep each reaching motion on course. Rapid arm extension requires holding the body steady so the arm and upper torso don’t plow into the coffee cup. Muscles in the arm and shoulder contract and stretch in a host of combinations and exert a variety of forces. These arm movements are not exact, machine-like motions that can be precisely planned out in advance.

Despite challenges such as these, Gabriel, Hannah, and all the other babies studied by psychologist Esther Thelen of Indiana University in Bloomington begin at 3 to 6 months of age to snatch playthings placed in front of them. Thelen and her colleagues use what they call a dynamic systems approach to explain how kids master motor skills and perform an array of cognitive feats, including word learning (SN: 4/25/98, p. 268). This perspective represents, in their view, a sharp departure from most established scientific theories of the mind.

The dynamic systems approach rejects key notions long held by cognitive psychologists and motor-development researchers. Those scientists have proposed that a genetic code guides individual development through a progression of specified stages of movement and thinking. They assume that knowledge depends on a computerlike processing of symbols that are mental representations of the world and that nature operates separately from nurture, although the two often interact.

Instead, Thelen argues, a child’s physical, mental, and social lives arise out of a shifting interplay between perception and action. General goals cherished by all babies, such as investigating novel items and putting anything available into the mouth, get the developmental ball rolling. As a youngster acts on these desires, the central nervous system, the rest of body, the immediate surroundings, and the task at hand together yield new insights and behaviors. 

Dynamics refers to the reorganization that occurs as various players in this developmental symphony change their tunes.

Certain combinations of influences usually occur at specific times and yield common responses, such as the tendency of 3- to 6-month-old babies to reach out and grab interesting-looking things. Rapid changes in any of these influences, such as a child’s body proportions, may cause a hard-won skill such as reaching or crawling to vanish temporarily or become disjointed, according to dynamic systems reckoning. Each period of flux ushers in a new phase of learning attuned to the realigned dynamic system.

No clear line separates innate from environmental contributions to success at reaching or any other developmental attainment, in this view.

Dynamic systems research examines skill learning over time with mathematical tools, borrowed from the physical sciences, for investigating how change occurs as many elements intermingle.

“From a dynamic point of view, the developmental questions are not what abilities or core knowledge infants and children really have or what parts of their behavior are truly genetic but how the parts cooperate to produce stability or engender change,” Thelen says. “Reaching need not be predetermined [by genes or brain] because it arises as a solution to a goal within certain body constraints.”

The Indiana psychologist would undoubtedly draw raised eyebrows from pioneer investigators of motor development. Between the 1920s and the 1940s, they meticulously catalogued age-appropriate stages of all sorts of behaviors, from rattle use to walking. Motor milestones such as these were theorized to depend on a genetically driven process of brain maturation.

Dynamic systems advocates draw much inspiration from the late Russian physiologist Nikolai Bernstein, who more than 30 years ago argued that subtle body changes in the first few years of life greatly influence movement and create new problems for the central nervous system.

Bernstein viewed motor development as a messy process. Thus, behavior does not grow more complex according to the regimented step-by-step orders of a neural commander.

Moving limbs are subject to gravity, and they must constantly adjust to the physical forces that they create, Bernstein held. They work much like springs, thanks to the placement of joints and the stretchiness of muscles. This allows a person to experiment with and refine limb movements, as with a baby’s continual modification of arm speed and stiffness over many reaches. 

Some refinements make more sense than others. Although legs can be used to hop, skip, and jump, people usually walk when moving from one place to another. Walking represents the best solution to the need to change location for a creature that stands upright and steps forward while maintaining contact with the ground, Bernstein argued.

This perspective provides a foundation for understanding how infants become reachers, Thelen says. She and her coworkers have intensively studied the   10 children seen in weekly laboratory sessions from age 3 weeks to 1 year.

The data analyzed so far indicate that infants achieve stable postures, in which they keep their head upright and coordinate head turns with arm motions, several weeks before they begin to reach out and grab objects, Thelen maintains. Given this ballast, they then work on bringing arm movements under control in a process that depends greatly on individual body size, body proportions, and energy levels.

Consider Gabriel and Hannah at 3 to 4 months of age. As they became able to sit up and turn their heads toward a conveniently placed toy, both children exhibited the spontaneous arm movements that serve as raw material for  reaching. Both also seemed to want the toy and know where it was.

Each child, however, faced a distinctive challenge in controlling his or her springy arms. Before learning to reach, stocky Gabriel sat stiffly in an infant seat, thrust his head forward, and flapped his arms wildly as he anticipated presentation of a toy. Hannah was smaller and more composed, looking around carefully and making small hand movements while keeping her arms close to her body.

Gabriel had to slow down his flailing arms so that he could guide one of them toward the toy. Hannah, in contrast, needed the energy boost supplied by stiffening her muscles and extending her arm outward.

At age 15 weeks, Gabriel began to swat at toys at the end of his trademark flappings. Over the next few weeks, he started to slow down his arm as it approached the toy. But the tremendous force created by his shoulder-dominated flaps still created plenty of spring, and his hand followed a roundabout course to its destination.

Hannah’s cautious demeanor first yielded toy-directed reaches later than Gabriel’s, at 22 weeks of age. From the start, Hannah sat completely still and then made slow, well-coordinated movements. She took longer to make hand contact with a toy after initiating a reach than Gabriel did, but her arm traveled a much smoother path.

Thelen described these findings last October at the 29th Carnegie Symposium on Cognition in Pittsburgh.

Gabriel and Hannah’s adventures in reaching illustrate a fundamental, rather daunting aspect of motor development that is emphasized in the dynamic systems approach. When kids adopt a new posture—such as advancing from lying faceup to sitting or from a sitting to a crawling position—their world changes so much that they have to take a new course in body control.

Each posture 

invokes a particular kind of coordination between perception and 

action, says psychologist Karen E. Adolph of New York University. Sitting, crawling, and other positions involve different muscle groups, different patterns of coordination among limbs, different vantage points on one’s surroundings,and different combinations of visual and sensory cues about balance.

Each new posture brings infants into contact with new facets of the world, from mobiles and blankets to doors and cabinets. The redesigned stances and bodies also inspire new goals. A novice toddler may have the two-legged revelation, for instance, that it’s fun to trail the family dog around the living room in hopes of pulling its tail.

“The developmental solution for acquiring adaptive [motor skills] in the midst of so much change may be the necessity for weeks and weeks of learning about balance control at each postural milestone,” Adolph asserts.

When tracked closely over time, this type of learning exhibits much variability from one child to the next and looks nothing like a neat progression of stages, according to the New York researcher.

Crawling offers a prime example. A long-term study of 28 infants directed by Adolph, published in the October 1998 Child Development, found that most displayed an array of crawling postures that did not emerge in any set pattern as they readied themselves to walk.

In particular, 15 youngsters crawled on their bellies for a month or more before crawling on hands and knees, whereas 13 skipped belly crawling and adopted a hands-and-knees posture at around the same time as the others.

Babies display a variety of crawling styles, Adolph says. Belly crawls included scraping the whole underside along the floor and, even more gymnastically, using the arms to push up on the knees and then belly flopping forward. In the more sophisticated crawling, some kids alternated the standard hands-and-knees gait with a bearlike crawl, in which they advanced on hands and feet.

Belly-crawling experience gave infants an initial leg up in coordinating hands-and-knees crawling, Adolph notes. Belly crawlers, however, did not walk earlier or more fluidly than the others, she says.

Infants also fail to carry knowledge about safe and risky modes of moving across sloped surfaces from one posture to the next. In experiments directed by Adolph, crawlers took a few weeks to learn to avoid or edge down steep slopes on an adjustable walkway, with an experimenter standing guard to catch those who began to tumble. 

In their first week of walking, however, these children had to be rescued when they tried to traipse down dangerously steep slopes that they had come to avoid as crawlers. In their new, upright stance, they again took several weeks to distinguish safe from risky slopes.

As these examples suggest, bodily interactions with the world produce mental and decision-making proficiencies as well as motor skills, Thelen asserts. More clues to the intertwined dynamics of knowing and acting come from studies of a curious error in reaching that many infants commit from about age 7 months to 1 year.

Indiana psychologist Linda B. Smith and her colleagues note that before 

7 months of age, most infants refuse to look for a toy more than a few seconds after they’ve seen it being covered by a lid. After 1 year of age, they avidly search for toys hidden in this way. If they see a toy moved from one hiding place to another, they go for the appropriate lid.  

For several in-between months, however, infants remove a lid if they initially see a toy hidden under it but refuse to look for the same toy if it’s then openly moved to a nearby hiding place. Instead, they continue to pick up the first lid.

This poorly understood phenomenon has been dubbed the “A-not-B error.” A number of researchers theorize that infants who misfire on this task realize where the toy lies—as evidenced by extended gazing at the new toy location—but cannot control their arms well enough to act on their knowledge. Others pin the problem on a poor memory combined with an immature brain that cannot yet inhibit practiced actions. 

Thelen and Smith instead argue that a child’s accurate memory of many correct reaches to the first lid literally pulls him or her back to that cover in the wake of a switch. All A-not-B experiments begin with training trials in which infants learn to search for toys at the A location, they note. In a new study, the Indiana scientists find that most 9-month-olds given no prior training either refuse to reach or pick up the wrong lid upon first seeing a toy hidden at the A location.

 Moreover, infants who undergo training for the A location while sitting often reach correctly to location B after a switch if a parent holds them in a standing position to watch the hiding episode. This strategy disrupts the powerful memory of repeated reaches to location A, which was linked to the position of the hand and arm in relation to the hiding place, Thelen proposes.

Memories of a practiced arm reach may sometimes defer to attention-grabbing features of a new hiding spot, she adds. In other experiments, for instance, 9-month-olds usually pick location B if they see cookies hidden there rather than a toy. 

“The A-not-B error appears as part of a continuum of developmental changes affecting reaching, looking, remembering, and planning for action,” Thelen remarks.

It’s unclear whether cognitive scientists will reach for and remember the Indiana psychologist’s perspective. For instance, Nick Chater of the University of Warwick in Coventry, England, dismisses dynamic systems work as largely bereft of any specific proposals about how minds work. Computation theories of how brains process information offer far greater potential for unraveling the mechanisms of thought, he asserts.

Andy Clark of Washington University in St. Louis, however, finds value in integrating Thelen’s focus on developmental changes in thinking with the mainstream study of stable mental operations, such as those devoted to memory and perception.

In contrast, Benny Shannon of the Hebrew University of Jerusalem views dynamic systems theory as a cut above cognitive science’s emphasis on static mental representations. Like connectionist computer programs that acquire linguistic and other skills without following preset rules, Thelen’s approach suggests that mental activity must be studied as it unfolds over time, Shannon holds.  

Thelen agrees. “I think the next generation of scientists will be more comfortable with the notion that cognition is not symbolic and computational.”

In true dynamic systems fashion, she’ll wait and see what develops. 
  n

Babies who had learned the difference between safe and risky slopes as crawlers, top, had to educate themselves about slopes all over again as walkers, with the help of sure-handed chaperones.

A baby in Karen Adolph’s lab does a fully prone “army crawl.”

Biomedicine

Chemotherapy combo boosts survival 

Adding chemotherapy to radiation treatment for cervical cancer means that 30 to 50 percent more women survive 3 to 5 years after diagnosis, according to the results of five new trials. Until now, most cervical cancer that has not spread beyond the pelvis has been treated with surgery or radiation therapy. Including chemotherapy in this regimen may lengthen the lives of thousands of women each year, the National Cancer Institute says in a rare clinical announcement mailed to physicians.

In three of the studies, each with several hundred participants, women were divided into equal groups receiving either radiation alone or radiation plus chemotherapy. The studies confirmed that women given combined treatment lived longer than did women given radiation alone. In the longest-running trial, 73 percent of the women who had been given both chemotherapy and radiation were alive after 5 years, compared with 58 percent of the women given radiation only. 

In the other two studies, all the women received radiation plus chemotherapy. Half the women in each test received the anticancer drug cisplatin, while the other half received the drug hydroxyurea. Women who received cisplatin fared better.

“[Adding chemotherapy] is the first fundamental advance in the treatment of cervical cancer in more than 40 years and should become the new standard of care,” says Mitchell Morris of the University of Texas M.D. Anderson Cancer Center in Houston, who led one of the studies. He suggests that the anticancer drugs not only damage cancer cells directly but also sensitize them to radiation.

Three of the studies will appear in the April 15 New England Journal of Medicine; the other two will be published in different journals later this year. An estimated 3,200 cases of invasive cervical cancer are diagnosed in the United States each year.   —D.C.

Transplant drug increases cancer risk  

After life-saving organ transplants, people must take drugs to suppress their immune system and prevent rejection of the transplanted organ. Unfortunately, a suppressed immune system also allows cancer cells to grow more freely, and researchers have assumed that this explains why transplant recipients face an increased risk of cancer.

Now, a study suggests that cyclosporine, a common 

immune-suppressing drug, may directly trigger the growth of cancer cells. In test tubes, normally slow-growing lung cancer cells that were exposed to cyclosporine developed hallmarks typical of more aggressive cancer cells. They grew without being anchored to a surface and increasingly piled on top of one another, Minoru Hojo of Teikyo University School of Medicine in Kawasaki, Japan, reports in the Feb. 11 Nature. 

Hojo also reported evidence of cyclosporine’s cancer-

causing effects among mice bred to lack immune systems. Among 21 such mice injected with kidney cancer cells, the cancer spread to an average of 241 locations in the lungs of each mouse. Another 18 mice injected with the same type of cancer cells and cyclosporine each developed an average of 338 cancers in their lungs. Because the mice don’t have an immune system that cyclosporine can suppress, the results appear to be due to the drug itself, Hojo says.

This study doesn’t indicate that giving transplant patients cyclosporine will cause normal cells to become cancerous, but the data do suggest that the drug might exacerbate tumor growth in patients with existing malignancies, says Gary J. Nabel of the University of Michigan in Ann Arbor. Although the new findings help explain why organ transplants are associated with an increased risk of developing cancer, this already well-known risk must be balanced against the need to treat life-threatening diseases, Nabel said.


  —D.C.

Chemistry

From Orlando, Fla., at the annual Pittsburgh Conference on Analytical Chemistry and Applied Spectroscopy 

Bloodless test for glucose runs skin-deep

Many people with diabetes have to puncture their skin with a needle several times a day to check the glucose concentration of their blood. That’s an uncomfortable, inconvenient procedure. 

Now, researchers at the State University of New York at Buffalo have found that it may be possible to monitor glucose without drawing blood. They simply collect and measure the glucose that diffuses naturally through the skin.

 “In the past, people have not explored these [methods] because we did not have the technology to detect the small quantities that go through the skin,” says chemist Luis A. Colón. He and his colleagues are currently developing an extremely sensitive measure.

The scientists collected glucose samples from volunteers by attaching a small cup of water to the skin for 5 minutes. Next, they added an enzyme that changes glucose into hydrogen peroxide. Then, they allowed the hydrogen peroxide to react with homovanillic acid to form a fluorescent compound. The intensity of the fluorescence indicates the glucose concentration in the solution.

The amounts of glucose in the water samples don’t correlate directly with those detected in the volunteers’ blood, but the samples do seem to reflect changes in glucose concentration, says Colón. After the volunteers swallowed glucose tablets, the concentration increased in both their blood and skin.

The scientists also collected samples by using a method that places an electric voltage across the skin to enhance the flow of fluids (SN: 11/20/93, p. 327). However, this causes irritation, so the team has focused on the passive collection method.

Eventually, Colón and his group would like to develop a small sensor that could be attached to the skin to provide a continuous glucose readout. They are also testing other bodily fluids, such as tears and saliva, that can be collected painlessly and might contain valuable biochemical information.
  —C.W.

Paper or plastic? New test has the answer

Plastic bottles often get thrown into the recycling bin with their paper labels intact. Although that paper represents only a small percentage of the total waste, it contaminates the plastic and makes it harder to recycle into useable products.

 Now, researchers in Germany have shown that a standard analytical technique can determine the paper content of plastic waste. Near-infrared spectroscopy (NIR) measures the short-wavelength infrared light absorbed by a material, a characteristic of its chemical composition. A fast, inexpensive method to assess the paper content of powdered plastic waste would have a large economic impact on the recycling industry. 

Unsorted plastic waste usually contains 1 to 8 percent paper, says Dieter Fischer of the Institute of Polymer Research in Dresden. Recycled plastic containing more than 5 percent paper can’t be reprocessed because the mix burns when heated.

Currently, recycling plants test small plastics samples by dissolving them in sulfuric acid and chemically measuring the paper content. However, such methods don’t accurately represent the composition of large batches of plastics, which may contain a wide variety of materials, says Fischer. 

To see if NIR could serve as a less cumbersome alternative, Fischer and his coworkers prepared test samples by grinding up a mix of common plastics and paper into a white powder. They added some carbon black to match the gray color of actual unsorted plastic waste and then examined them with NIR. The researchers found that the technique could distinguish between samples with paper contents of up to 11 percent.

They still need to refine their technique by comparing it with other methods that measure paper content, says Fischer. “The near-infrared spectroscopy works, but now we need a reference method so that we can show that our NIR results are good.” —C.W.

When Meteorologists See Red

Worldwide warming has 

tripped up U.S. forecasters 

By RICHARD MONASTERSKY

From the sixth floor of the World Weather Building, just south of Washington, D.C., it’s impossible to miss the signs of a cold front barreling toward the region. A wall of dark clouds blots out the western horizon while barren trees whip back and forth in gusts that herald the coming February storm. In a short time, the temperature outside will plummet from a record high of 74°F to near freezing, jumping from summer to winter all within the span of the evening rush hour. 

The building’s public address system crackles and a voice announces, “Attention. We have switched to backup power because of convection in the area.” Down in the parking lot, a diesel generator kicks on to provide a steady source of electricity for the people who forecast the nation’s weather.

The air outside is roiling like a pot of soup on a flame. A strong updraft plucks an empty grocery bag off the ground and hoists it more than 50 feet skyward, past the window of Robert E. Livezey, a meteorologist with the National Weather Service’s Climate Prediction Center (CPC) 

in Camp Springs, Md. At the moment, Livezey is not paying attention to the shifting winds. He’s trying to explain a much bigger change—one that’s skewing the weather of the entire United States and screwing up seasonal forecasts.

“We are undergoing—for whatever you want to attribute it to—a change in climate. That’s clear,” says Livezey.

Climate researchers have long maintained that over the past century, the average global temperature has climbed markedly (see page 191). Scientists making predictions for the next century have been forced to consider this trend (SN: 2/27/99, p. 133), yet this slow rise has been of little concern to meteorologists who predict conditions for the next few weeks and months.

Forecasters are now starting to take notice of the long-term changes, however. Livezey and his colleagues recently recognized that the warming trend has interfered with their work, making it necessary to incorporate slow shifts in climate into their analyses. Last September, they quietly started altering their forecasts to correct for the global shift, which has taken some of the sting out of U.S. winters over the past 3 decades.

In its first real test, the new technique helped CPC meteorologists foresee the general pattern of warm weather that dominated the contiguous United States throughout much of January and February. “We are definitely on a very rapid learning curve here with respect to the [global warming] trend and its effect. This has been a revolution in this business,” says Livezey.

At just about this time last year, some forecasters at CPC were not feeling so satisfied. All through the winter of 1997­1998, the United States and much of the rest of the world was reeling under the influence of the record-setting El Niño. This warming of the equatorial Pacific had developed early in 1997, giving meteorologists plenty of advance notice as they put together their wintertime forecasts. 

El Niño should have made this an easy task. When the central Pacific goes warm, it has a standard modus operandi as a weather maker. In past episodes of El Niño, the Northwest and the Great Lakes region typically experienced warmer-than-normal winters, whereas unusually cool conditions predominated in the southern Southwest, Texas, the Gulf Coast, and the Southeast.

So, when it came time to forecast the first 3 months of 1998, CPC meteorologists bet on the Pacific influence. “We were leaning very heavily on the El Niño statistics, which implied strong things about precipitation and temperature in winter,” recalls Livezey.

The CPC forecast for temperatures looked like the classic El Niño pattern but deviated slightly by making the northern warmth a little more pronounced.

“What in fact happened is that it was much, much warmer than we had anticipated,” says Livezey. “No part of the U.S. was colder than normal, and something like two-thirds of it was in the warmer-than-normal [category].”

A trim man in his 50s, Livezey has graying hair and eyebrows that seem to leap off his face. He likes to plug away at long, tortuous problems, both in his corner office and outside. Last year, Livezey hiked a 140-mile segment of the Appalachian Trail, completing an 18-year effort to cover the entire 2,160-mile journey in segments. 

When the winter of 1998 ended up warmer than expected, Livezey and his colleague Thomas M. Smith thought they knew why. They had just finished an analysis of U.S. temperatures since 1950, in which they had picked out different climate patterns at work. 

Their analysis brings to mind the technique used to produce Technicolor movies during the 1940s. To make these early color films, directors employed a three-lensed camera containing separate strips of blue, red, and yellow film. Each color was captured on a different strip, and the films were then combined to produce the full range of hues to be seen in movies such as Meet Me in St. Louis. 

Livezey and Smith worked in the opposite direction, starting with the equivalent of a complete movie and splitting it up into its separate components. Much of the temperature variation in North America could be broken down into three distinct patterns, all operating at the same time. The scientists published their analysis in the January Journal of Climate. 

The first pattern in the record arises from the tropical Pacific Ocean, home to El Niño warmings and La Niña coolings. In roughly the reverse of El Niño,  La Niña typically cools the Northwest and the northern states while warming the Southeast and southern states in winter. 

The second fundamental pattern relates to cycles of ocean temperature in the northern Pacific and Atlantic Oceans. These regions have slow oscillations that tend—over decades—to warm the eastern states while cooling the western states or vice versa. 

The third pattern, however, did not appear to be part of any cycle. This general warming started developing in the mid-1960s and has grown stronger over the past 30 years. In the oceans, it affects much of the Pacific, Indian, and Atlantic basins. In the United States, the pattern appears as wintertime warming across the country, with the strongest influence in the western and central states. During summer, the picture is more complex. The central states cool off, whereas warmer-than-normal weather occurs in the Southwest, West Coast, and northern states. 

Livezey and Smith started calling this third pattern the global-change trend, and they propose it as an explanation for what went wrong with the winter forecast in early 1998. Forecasters hadn’t before considered that the wintertime climate of the United States was actually growing milder to a degree that would affect their work.

Late in 1998, the global-change trend burned the CPC meteorologists a second time.


  To put together precipitation forecasts for autumn, meteorologists again put their money on the power of the tropical Pacific, which was in the cold grip of a strengthening La Niña. In past episodes of La Niña, above-average precipitation has drenched the Northwest, while dry weather has parched the Southwest, Texas, Great Plains, Gulf Coast, and Southeast. Forecasters called for essentially the same pattern to recur, and they put unusually strong odds on dryness in Texas and the Southwest. 

 “We went whole hog on the forecast for Arizona to Texas, and we did very badly,” says Livezey. Texas received above-average amounts of rainfall, and the South-west was either wet or near-normal for October through December. 

 Although it wasn’t clear at the time of the forecast, Livezey has since found that the global-change trend is increasing autumn precipitation across much of the country, especially the central states. “When you add the trend, it kills most of the higher probability for dryness” in the typical La Niña pattern, he says.

 Following their missed opportunities last year, the CPC meteorologists are now trying to take the changing climate into account. This attempt appears most clearly in the temperature forecast for January through March. 

Judging from La Niña episodes earlier this century, the Northwest and northern states should be cold in winter, yet the long-term warming trend counters that effect. When Livezey and his colleagues blended the two patterns, the cooling disappeared. So they called for only a small patch of lower-than-normal temperatures in eastern Washington and Oregon. The forecast map of the United States is mostly yellow and red, reflecting the expectation that the southern two-thirds will go warm under the influence of both La Niña and the long-term trend.

That approach seems to have saved CPC from making a major error. So far this winter, temperatures in the northern and northwestern states have remained mostly average or higher than normal. The South has been warmer than normal. 

The recent warmth in these locations has surprised many weather researchers who track La Niña, including Kelly T. Redmond, a climatologist at the Western Regional Climate Center in Reno, Nev. “This isn’t the pattern you would expect with La Niña. I’ve been kind of puzzled why that is the case.”

Meteorologists at CPC think they have the solution. “The trend for warmer and wetter weather is overwhelming La Niña,” says A. James Wagner, the senior forecaster at CPC. “Unless you consciously somehow take that trend into account, you end up with surprising errors.”

CPC’s new approach has won some fans among other climate scientists. “I think this work is very interesting and potentially very useful,” says Chester F. Ropelewski, director of climate monitoring at the International Research Institute for Climate Prediction (IRI) in Palisades, N.Y.

The institute issues seasonal climate forecasts for the entire globe. Many countries are starting to use them for agricultural planning and other purposes. Like the U.S. Weather Service meteorologists, IRI forecasters will have to start taking account of the warming trend, says Ropelewski. 

Forecasters in Europe, however, say they don’t suffer from the same problems. Unlike CPC, which uses a combination of computer models and statistics on past weather patterns, meteorologists at the European Centre for Medium-Range Weather Forecasts in Reading, England, rely almost exclusively on computer climate models to produce their forecasts.

These tools start with up-to-date global measurements and then predict how the oceans and atmosphere will evolve over the next several months. Because they begin with current data, they implicitly take into account any warming that has happened in the past few decades, says Tim N. Palmer, head of seasonal predictions for the European center.

As forecasters wrestle with how best to deal with long-term climate change, many are wondering about the origin of these trends. The CPC staff has consciously stayed away from speculating, at least in its formal publications. “Personally, I think it’s a no-brainer,” says Livezey, who concludes that greenhouse gases generated by human activities are probably driving these changes in U.S. weather.

Wagner takes a more cautious line, saying that it’s impossible to tell whether or not some as-yet-unidentified century-long cycle is currently warming the globe. 

Other researchers at CPC are attempting to untangle the physics behind the U.S. changes. Some initial work indicates that warming waters in the region around Indonesia may have helped drive the climate shifts seen in North America, says Wayne Higgins, a senior meteorologist at CPC.

Whatever the cause, the new developments are lending support to suspicions that older generations have long harbored: The weather today just isn’t what it used to be.                                               n

Data culled from eight past episodes of La Niña show that the Pacific cooling typically exerts a strong influence on U.S. winter temperatures (top map). Blue signifies cooler-than-normal weather; other hues indicate warmth.  When meteorologists combined the usual La Niña pattern with the long-term warming trend, a starkly different temperature projection emerged (middle), which was used to make the U.S. temperature forecast for January through March (bottom). So far this winter, higher-than-average temperatures have dominated much of the contiguous United States, except for California and southern Oregon. 

Earth Science
Watching a continent splinter

Ancient human ancestors inhabited some of the rawest land on Earth, amid the East African Rift Valley. There, two sections of the planet’s skin are pulling apart like a fresh wound. For years, geoscientists have wondered why this gash disappears south of Mozambique. Two researchers now have an answer.

The East African rift marks the boundary between two tectonic plates: the Nubian plate to the west and the Somalian plate to the east. A general rule of plate tectonics is that such rifts must hook up to other plate boundaries, but researchers have had trouble tracing the connection of the East African rift. South of Mozambique, there are no earthquakes or other signs of disturbance like those seen along the rift to the north. 

Dezhi Chu of Exxon Production Research Co. and Richard G. Gordon of Rice University, both in Houston, tracked the continuation of the East African rift by studying ocean rocks. Between Africa and Antarctica, there is a rift in the seafloor where the crust spreads apart and new rock is born. In the process, the two African plates inch away from Antarctica. 

Using Antarctica as a signpost, Chu and Gordon discerned the motion between the Nubian and Somalian plates. Instead of pulling straight apart, the two plates rotate like scissors blades around a pivot point east of South Africa, the two report in the March 4 Nature. In the region of the East African rift, far north of the pivot point, the two plates are separating by 

6 millimeters a year. Just south of the pivot point, the two plates are crushing together at a rate of only 2 mm per year, so slowly that they don’t often produce large earthquakes. 

By understanding the motion, or kinematics, of these two plates, geoscientists will have more success in resolving how all Earth’s plates behave. “It solves, in a sense, this 30-year mystery of how the East African rift fits in kinematically in the plate-tectonic scheme,” says Gordon.               —R.M.

Pinning L.A. quakes down to a fault

Seismologists hunting for faults in Los Angeles have always seemed like fishers surveying a well-stocked lake: Both groups know that their quarry hides beneath the surface in large numbers, but neither can say exactly where the prey lurks. 

Until now. A pair of researchers has just reeled in a major catch by pinpointing the location of one of these elusive faults.

The concealed cracks beneath Los Angeles are called blind-thrust faults because they remain out of sight, covered over by thick layers of surface sediments. In an earthquake, these thrust faults serve as giant ramps, with one wedge of crust riding up another. Seismologists tuned into the dangers of blind thrusts during the 1987 Whittier Narrows earthquake, a magnitude 6.0 tremor that struck directly beneath metropolitan Los Angeles but never broke the surface. Although the blind thrust faults are far smaller than the San Andreas Fault, they pose a major hazard because of their proximity to the city.

By studying the topography throughout Los Angeles, geologists have been able to infer the general locations of some of these blind thrusts. In the new study, John H. Shaw of Harvard University and Peter M. Shearer of the Scripps Institute of Oceanography in La Jolla, Calif., probed deeper by gaining access to tightly held data collected by oil companies. To ferret out petroleum, such firms have scanned the hidden geology of Los Angeles by vibrating the ground with explosions and other means. 

Shaw and Shearer discovered a large fault, which they named the Puente Hills thrust, running 40 kilometers in an east-west direction underneath the city. The plane of the fault dips down to the north at an angle of 27° to the horizontal, and the structure appears to be broken into three distinct segments, they report in the March 5 Science. When Shaw and Shearer reanalyzed data from the Whittier Narrows earthquake, they found that the location of the quake precisely matched the position of the Puente Hills thrust. 

Each of the newly identified fault segments could produce a magnitude 6.5 jolt, say the researchers. If the segments broke together, they could trigger an earthquake of magnitude 7.0, which would carry 30 times the energy of the Whittier Narrows shock.

“This study is a vast leap forward in understanding blind-thrust faults,” says geologist James F. Dolan of the University of Southern California in Los Angeles. The new discovery, however, should not heighten the concern of jittery Angelinos because geologists knew that a blind thrust must have been down there, says Dolan. “This doesn’t change our overall perception of the seismic hazard facing L.A.” 

 —R.M. 

1998: Warmest year of past millennium

The current millennium is ending not with a bang but a boil. A study of climate reaching back to the time of William the Conqueror indicates that recent temperatures are the highest of the past 1,000 years.

The new analysis, published in the March 15 Geophysical Research Letters, combines information recorded in tree rings and glacial ice. Michael E. Mann of the University of Massachusetts at Amherst and his colleagues calibrated these natural thermometers against modern instruments, which enabled them to make a Northern Hemisphere temperature reconstruction of unprecedented length.

In a previous analysis of the past 6 centuries, the team had found no decade warmer than the 1990s (SN: 5/9/98, p. 303). Still, some scientists had wondered about earlier times. In the first 3 centuries of the millennium, a time known as the medieval warm period, Europe was notably balmy. This span may now require a different name. While the North Atlantic basked in warmth, the high temperatures did not spread across the Northern Hemisphere, according to the new report. 

Although there are large uncertainties in the temperature estimates for the earliest part of the record, the current warmth is unprecedented, says Mann. “The numbers for 1998 are so unusual. They push it up to the ballpark of 99 percent certainty that 1998 is the warmest year in the reconstruction,” says Mann. It’s also very likely that the 1990s are the warmest decade of this millennium, he adds.

Such strong statements, however, get a cool reception from tree-ring researcher Gordon Jacoby of Lamont-Doherty Earth Observatory in Palisades, N.Y. “There’s so much uncertainty in the chronology,” says Jacoby. He calls the study “a good first effort, but there’s a lot more work to be done.”  
 —R.M.

Quakes in East Africa (red dots) mark where the Nubian tectonic plate and the Somalian plate are diverging. White arrows show where the two plates are crunching together.

Black line charts temperatures relative to millennial average. Yellow denotes range of potential error in the measurements.

