The Consumer's Guide to Effective Environmental Choices: Practical Advice from the Union of Concerned Scientists—Michael Brower and Warren Leon. Grocery stores present a perplexing array of choices: paper or plastic bags, disposable or cloth diapers, meat or tofu? Often, pangs of guilt accompany these decisions for eco-sensitive consumers. This guide eases stress by debunking myths and prioritizing concerns. Analysis of how everyday household activities affect the environment leads to advice about how individuals and communities can alleviate the burden. Three Rivers Pr, 1999, 292 p., paperback, $15.00.

The Knowledge Web: From Electronic Agents to Stonehenge and Back—and Other Journeys through Knowledge—James Burke. In the same vein as his latest book, The Pinball Effect, The Knowledge Web links a seemingly random collection of ideas and inventions. Examples within Burke's web include the bizarre origins of margarine and its ties to plankton shells, receding stars, hot chocolate, and the first solo Atlantic flight. Here perfume links to the carburetor, and the gutta-percha tree produces latex useful for transatlantic cables and golf balls. In all, he weaves a compelling look at the history of innovation, especially over the past 300 years or so. S&S, 1999, 285 p., b&w photos/illus., hardcover, $25.00.

Melting the Earth: The History of Ideas on Volcanic Eruptions—Haraldur Sigurdsson. A native of actively volcanic Iceland, the author relates how various peoples throughout history explained the fiery eruptions of the Earth. For instance, the Greeks thought volcanoes resulted from the venting of subterranean winds. Early Christians believed volcanoes represented gateways to Hell. It wasn't until the Renaissance that this notion changed. Amid these stories, Sigurdsson elaborates our current understanding of volcanoes, according to thermodynamics, plate tectonics, and other scientific theories. OUP, 1999, 260 p., b&w photos/illus., hardcover, $30.00.

Heal Your Hips: How to Prevent Hip Surgery—and What to Do If You Need It—Robert Klapper and Lynda Huey. An orthopedic surgeon and an athletic trainer combine their expertise to illustrate methods of maintaining healthy hips and rehabilitating repaired hips after surgery. Klapper and Huey emphasize preventive medicine and detail exercises to be performed on land and in the water. Concluding chapters report on surgical options, from arthroscopic repairs to complete hip replacement. Wiley, 1999, 190 pages, b&w photos/illus., paperback, $18.95.

Quantum Philosophy: Understanding and Interpreting Contemporary Science—Roland OmnŠs. Is the world ultimately intelligible? Do all events have a cause? Do all objects have a place? Since the ancient Greeks, these questions have troubled philosophers. Plato, Socrates, and their ancient counterparts forged a collective, common-sense view of the world that survived more than 2,000 years of analysis and challenge. It took the bravado of rebels Albert Einstein, Niels Bohr, Kurt Gšdel, and their contemporaries to undermine the ancients and fracture traditional thought with a new world view founded on mathematical principles rather than imagination. However, OmnŠs seeks to make the new view more accessible. Relying on words rather than formulas, he shows how quantum mechanics places common sense on a firm scientific and philosophical footing. Princeton U Pr, 1999, 296 p., hardcover, $29.95. 

Stranger in the Nest: Do Parents Really Shape Their Child's Personality, Intelligence, or Character?—David B. Cohen. In response to the subtitle question, Cohen credits heredity and prenatal life over parenting skills. Believing that many traits are firmly rooted in genetics, Cohen argues that "inborn potentials can trump parental influence." A nurturing and caring environment is not irrelevant, however. Cohen likens parenting's role in social development to food's affect on physical development-both are essential but not determinant. This goes to explain how geniuses come to be reared by parents with a limited education and why some children of overachievers lack ambition, according to the author. Wiley, 1999, 312 p., hardcover, $27.95. 

Xeriscape Handbook: A How-To Guide to Natural, Resource-Wise Gardening—Gayle Weinstein. Having coped with recent droughts, gardeners beyond the arid U.S. southwest may be guided by these methods of water-wise gardening. At least half of the text probes fundamental issues such as understanding regional climates, soil improvement and protection, and irrigation techniques. Discussions of types of plants and their needs follow chapters on how to implement a xeriscape landscape from scratch or by retrofitting a design that reflects the natural surroundings. Fulcrum Pub, 1999, 142 p., color/b&w photos/illus., paperback, $24.95.

Wind: How the Flow of Air Has Shaped Life, Myth, and the Land—Jan DeBlieu. Heavy morning dew. Gulls facing north. Biting flies on an offshore fishing boat. These are ancient methods for predicting winds and weather. Doppler radar and satellite images are now more reliable forecasters, but what exactly do those instruments detect? DeBlieu regales readers with stories of the ways in which the wind shapes both Earth's terrain and the psyche of humankind. From the influence of breezes on war and trade among early cultures to the fury of tornadoes, DeBlieu vividly portrays this natural phenomenon. Originally published in hardcover in 1998. Mariner, 1999, 294 p., paperback, $14.00.
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A grilling on meaty issues

After reading the article "Well done research" (SN: 4/24/99, p. 264), I was unsure about one thing: Are HCAs a by-product of the coals in grilling? And, if so, can vegetables also have HCAs after being grilled? A friend of mine will not grill even veggies because she thinks they also can get HCAs.

Monica Cobbey

Arlington, Texas

Heterocyclic amines form through a chemical reaction involving some constituents of the meat. Even heavily grilled veggies should therefore remain HCA-free.
 -J. Raloff

While it is heartening to learn that the modern mainstream is learning the value of mixing tart fruits and meats, it's something of a letdown to find that this "novel" antioxidant has been patented, given that Indians subsisted for centuries on fruited pemmican.

Vernard Foley

Purdue University

West Lafayette, Ind.

The local health food store has dried cherries at $8.49 per pound. How many of these would one need to include in ground hamburger for anticancer activity? Alternatively, my daily vitamin E tablets are labeled 400 IU. Is that the same as 400 milligrams? Does that mean that I would need only one of these tablets for 10 pounds of hamburger?

Dan Baright

Lebanon, Mo.

Vitamin E is a mix of related tocopherol molecules. There's no automatic rule for converting milligrams of vitamin E to international units (IUs) because any conversion will require you to know the particular proportion of different tocopherols present in the vitamin E studied. In one study that we reported on, 1 mg of vitamin E equaled about 1.4 IU, so 280 mg translated to about 400 IU.
-J. Raloff

With reference to your cover story, our barbecue customs here in north Georgia may aid in reducing the risks outlined.

When cooking pork ribs, my family recipe (passed down from an ancestral backcountry chef) calls for parboiling the ribs for approximately 1 hour, until the meat is tender but not quite falling off the bones. We then marinate them overnight (in a highly confidential sauce) before grilling them briefly.

While I believe the custom arose to reduce the risks associated with underdone pork, I see no reason why it could not be used with all red meats. I also bake my chicken in the oven and "finish" it on the grill with the sauce because there's nothing nastier than biting into a leg of chicken you mistakenly thought was cooked through.

Martha Glisson

Vinings, Ga.

Does meat produce HCAs only when cooked directly on a charcoal or gas fire or can these carcinogens develop in meat cooked on a stove, in a pan, or on an electric or gas burner?

Suzanne Howze

West Lafayette, Ind.

The source of the heat—a barbecue grill, kitchen cooktop, or electric-resistance coil in an oven—is not what matters. What are important are the temperature the meat is heated to, the grilling time, and the fat content of the meat.
-J. Raloff

Neandertal Hunters Get to the Point

On the slope of a desert plateau in Syria, excavations have uncovered what seems to qualify as an archaeological smoking gun confirming the manufacture and use of spear points by Neandertals.

The evidence for this controversial proposition consists of an inch-long piece of a sharpened, triangular, stone point embedded in a neck bone of a wild ass, an extinct ancestor of donkeys. When intact, the point had extended an estimated 2 1/2 inches and was attached to a shaft or a handle, according to a scientific team led by Eric Bo‘da of the University of Paris X in Nanterre. As a Neandertal thrust the spear into the ancient creature's neck, both the point's tip and its base broke off, the researchers assert.

Initial measurements of radioactive decay in soil at the Syrian site yield an estimated age of more than 50,000 years for the new find. Stone points, ranging in size from less than 1 inch to several inches long, have turned up at many Neandertal sites located in Europe and the Middle East.

However, ambiguous evidence for the points' use in hunting had led some researchers to theorize that Neandertals obtained meat primarily by scavenging carnivore leftovers. In this view, they may have used the stone points for cutting carcasses abandoned by the predators.

Human ancestors preceding the Neandertals hunted with wooden spears (SN: 3/1/97, p. 134). Stone points added a deadly edge.

"Regardless of whether this weapon was thrown or simply hand-held, it would have been much more efficient and lethal than a simple wooden thrusting spear," Boëda's group concludes in the June Antiquity.

The researchers excavated the Syrian site, Umm el Tlel, from 1991 through 1998. In the latest field season, they discovered the partial spear point poking into the cavity of the horse-like creature's neck bone. Only a forceful thrust-which severed the stone's tip as it penetrated the animal's flesh and broke off its base once the point poked through the bone-could have wedged the weapon into that position, the team holds.

A strong, uneven force produced scarring on the base and sides of the stone artifact, indicating that it was bound to a shaft or handle, they say.

Neandertals probably stabbed the animal as it stood, Boëda and his coworkers theorize. Penetration of the spear point into the spinal cord would have caused immediate, irreversible limb paralysis. If the ass had been lying down because of injury or illness, the hunters would have stabbed it in the rib cage rather than the neck. 

The extent to which Neandertals used sharpened, triangular stones as spear points remains unknown. John J. Shea of the State University of New York at Stony Brook suspects, however, that the razor-edged stones often served as spear points. Shea argues that both ancient Homo sapiens and Neandertals living in the Middle East killed wild horses and goats with stone-tipped spears (SN: 8/1/98, p. 72).

"You don't get much better evidence for hunting with spears than the new Syrian discovery," Shea comments.

In an article that they have submitted for publication, Shea and his colleagues report that stone spear points they fashioned Neandertal-style easily penetrate the rib cages of goat carcasses. "These stones are effective spear points," Shea argues. 
-B. Bower 

Position of ancient spear-point fragment embedded in the neck bone of a wild ass. Close-ups show artifact from above (left) and below (right). (Boëda/Antiquity)
Malaria disrupts the immune system

More than most diseases, malaria repulses attempts by people to build immunity against it. Neither prior exposure to the disease nor vaccination protects reliably. Scientists have suggested that Plasmodium falciparum, the protozoan responsible for the most severe form of malaria, disrupts the human immune system as it infects red blood cells.

British researchers now report that malaria indeed manipulates certain immune cells in the blood, apparently crashing one sector of the immune system as though it were a faulty computer. Although their malaria study was confined to laboratory dishes, it confirms suspicions that the microbe has immune-disabling potential and sheds light on the puzzling mechanism by which malaria invades the human body.

When confronted with a foreign microbe, immune-system components called dendritic cells normally activate workhorses called T cells. Immunologist Britta C. Urban of John Radcliffe Hospital in Oxford, England, and her colleagues report in the July 1 Nature that red blood cells infected by the malaria microbe bind to dendritic cells and severely disable them. When exposed to a common bacterial component, these impaired dendritic cells showed only one-tenth the normal immune response of healthy cells.

Immune cells often retain a memory of disease-causing agents, priming the system to fend off a later onslaught of the same disease. Urban came up with the idea of studying dendritic cells-which play a key role in immune memory-in part because a century of research had not explained why the human immune system often fails to gear up against subsequent malaria infections. 

Earlier experiments established that red blood cells infected with the malaria microbe display on their surface at least 50 special proteins, which they use to bind to cells on blood-vessel walls. The new study shows that these proteins also render dendritic cells incapable of priming T cells, says study coauthor David J. Roberts, a hematologist at the same hospital.

"It's a way in which malaria invades the immune system and might explain why people get repeated infections," he says.

"It's an interesting [study]," says W. Ripley Ballou, a vaccine specialist at the Walter Reed Army Institute of Research in Washington, D.C. "Dendritic cells, as an area of investigation, are hot right now."

Understanding how surface proteins induce infected blood cells to bind to dendritic cells may help in designing a vaccine, Roberts says. Unfortunately, with such a variety of surface proteins, "it's a nightmare [trying] to make a vaccine out of this," Ballou says.

The new findings also suggest that infected red blood cells may be interfering with the function of vaccines, he says. Many people in regions where malaria is endemic show no symptoms but still carry the disease. For a vaccine to be effective in them, doctors would have to treat the participants with antimalarial drugs before vaccination to clear malarial parasites from their bloodstream, Ballou says.    
-N. Seppa

Outta sight! A crafty peek at the sun's back

When it comes to studying the far side of the sun, astronomers are no longer in the dark. Researchers reported last week that employing a detector on an orbiting  spacecraft, they have had their first glimpse of the sun's hidden half. 

Scientists may be able to use this new capability to provide earlier warnings of solar storms that will strike Earth, damaging satellites and disrupting power grids. Solar storms are expected to be on the rise as the sun reaches the maximum of its 11-year activity cycle next year.

The new discovery relies on detection of ultraviolet radiation emitted by the hydrogen gas that bathes our solar system. Radiation from the sun clears a bubble in this gas about the size of Earth's orbit, and the inside of the bubble can act like a giant theater screen. When energy emitted by a solar outburst strikes the screen, it produces ultraviolet hot spots. 

An instrument aboard the SOHO (Solar and Heliospheric Observatory) spacecraft can detect these hot spots even from outbursts on the sun's hidden face. "We can monitor the back side of the sun without looking at it directly," says Jean-Loup Bertaux of the CNRS Service d'A‚ronomie in Verrieres le Buisson, France. He presented the findings at a SOHO workshop in Paris.

"Bertaux's work represents an entirely new way, and to my knowledge the only successful way, to identify the patterns of activity on the far side of the sun," says Craig DeForest of Stanford University.

Viewing hydrogen gas over the entire sky, a SOHO detector known as Solar Wind Anisotropies (SWAN) records a wavelength of ultraviolet radiation called Lyman alpha. Such light cannot be seen through Earth's atmosphere, but from SOHO's vantage point 1.5 million kilometers from our planet, it readily detects the radiation. When a solar storm erupts, the bubble of hydrogen gas radiates 5 to 15 percent more ultraviolet light than it normally does, says Bertaux.

Every solar disturbance gets carried along with the sun's 28-day rotation. As a result, each outburst is like a lighthouse beam, sweeping across the screen of hydrogen gas. Bertaux reports, "We have verified that the large areas of enhanced emission that we see are indeed moving on the sky with the 28-day period." 

Bertaux told Science News that his team has shown that storm activity on the sun's near side, imaged directly by another SOHO detector, also produces the expected ultraviolet glow recorded by SWAN. Moreover, when an active region on the near side rotates out of view, SWAN continues to detect an enhanced ultraviolet glow from the hydrogen gas.  

The technique has also uncovered disturbances that originate on the farside and then rotate into Earth's view. Monitoring the sky at the Lyman-alpha wavelength "therefore offers a unique opportunity to detect in advance some new solar activity," Bertaux notes.

Although the technique is for now only a research tool, it "has the potential to give us a much longer lead time," as much as 14 days, for predicting solar storms, agrees Ron D. Zwickl of the National Oceanic and Atmospheric Administration's Space Environment Center in Boulder, Colo.

Richard C. Canfield of Montana State University in Bozeman points out that the method cannot distinguish outbursts likely to pose a threat to Earth from those that may turn out to be weaklings. Estimating the power of outbursts requires other diagnostic tools now available only for the sun's near side. These include direct images of twisted magnetic fields in the sun's atmosphere, Canfield says (SN: 3/13/99, p. 164). 
-R. Cowen

Lightest region indicates storm activity on the farside, recorded July 20, 1996. The sun's radiation carves a bubble in the hydrogen gas in which the solar system is embedded. Ultraviolet light from a solar eruption strikes the inside of the bubble's surface, generating a hot spot. Inset: Celestial hemisphere illuminated by ultraviolet radiation from the sun's farside. (European Space Agency, NASA)

Amino acid puts the muscle in mussel glue

The proteins that mussels use to anchor themselves underwater derive their strength and stickiness from a single amino acid, according to a new study. The finding could help researchers develop moisture-resistant glues for biomedical and industrial purposes.

The modified amino acid, called dihydroxyphenylalanine (DOPA), has two functions. It allows the proteins containing it to stick to a variety of surfaces and also to set into a tough, rubbery cement, report Miaoer Yu, Jungyeon Hwang, and Timothy J. Deming of the University of California, Santa Barbara (UCSB).

"The fact that they have identified one [compound] doing those two completely different things is quite intriguing to me," says Herbert Waite, a marine biochemist at UCSB not connected with the current study. "In industry, people generally use different reagents for those two functions." 

Mussels, before they end up on a seafood lover's plate, use fibers known as byssal threads to tether themselves (SN: 1/5/91, p. 8). Flat adhesive plaques at the ends of the threads bind to surfaces, allowing the bivalves to hang on even while buffeted by strong waves.

To make the glue, mussels first connect standard amino acids into chains and then modify them chemically, says Waite. DOPA results when an enzyme adds a second hydroxyl group to the amino acid tyrosine. Though not the most abundant amino acid in the adhesive, DOPA makes up 5 to 20 percent of its content. 

To investigate DOPA's role, Deming's group synthesized model proteins containing 5 percent DOPA and the rest glutamic acid. These molecules bound much more strongly to aluminum than did proteins containing only glutamic acid.

The researchers also discovered that DOPA, in an oxidized form, is responsible for cross-linking protein strands. "That cross-linking has to kick in in order for that adhesive to perform," says Waite. "Otherwise, it's only bound to the surface, not to itself." Deming and his colleagues report their findings in the June 23 Journal of the American Chemical Society.

Unlike industrial adhesives used today, such protein-based glues would be made using water instead of harsh organic solvents. Also, the ability of the mussel adhesive to stick and set in water makes it attractive for medical and dental applications. In animals and laboratory cultures of human cells, the mussel adhesive does not appear to be toxic, Waite notes. Only further studies will reveal how DOPA makes the protein waterproof. 
-C. Wu

A blue mussel (Mytilus edulis) can anchor itself underwater with strong, sticky proteins. (Marine Biological Laboratory)

If Mom chooses Dad, more ducklings survive

A female mallard that gets to pick her guy has ducklings that survive infancy better than the offspring of a less happy coupling, according to a new test in Canada.

Pairing the female with her first choice, instead of with a reject, raised duckling survival by about a third, reports Cynthia K. Bluhm of the Delta Waterfowl Research Station in Portage la Prairie, Manitoba. She and Patricia A. Gowaty of the University of Georgia in Athens presented their results at the annual meeting of the Animal Behavior Society this week in Lewisburg, Pa.

What advantages come from a female choosing her mate "is a very basic question that we don't know the answer to," Gowaty says. She and an international consortium of collaborators funded by the National Science Foundation are striving to answer that question for fruit flies, guppies, mice, and cockroaches, as well as mallards.

Though Charles Darwin argued that female choice wielded great power in evolution, "nobody believed him for about 100 years," Gowaty explains. Even when researchers started testing the idea, she notes, their experiments focused on whether feminine fancy drove evolution of male fripperies such as the peacock's tail and whether such ornaments honestly identified males that would sire the healthiest young.

The new wave of female-choice experiments avoids any such assumptions about what constitutes irresistible hunkiness in another species and just lets females choose. These experiments should illuminate questions about how female choice helps shape an animal's social system, Gowaty predicts.

Mallards form pair bonds, but to human observers it's far from obvious why they bother, she says. The ducklings break out of their eggs essentially ready to swim to breakfast and hardly seem to need two parents. "The mothers build the nest, the mothers sit on the nest, the kids feed themselves, but the daddies hang around. We don't get it," says Gowaty.

Mallards also intrigued the researchers because a male often gives a female no choice in mating, even gouging her eye or snapping her leg in the struggle. "Mallard rapes are not nice," as Gowaty puts it.

Bluhm raised a colony of captive ducks from eggs she'd collected in the wild. She then showed each of about 70 females three different males. When females showed a clear tendency to hover near the enclosure of a particular male, Bluhm designated that fellow the preferred mate. She paired about half the females with their chosen drake and mated the rest with a rejected male.

"I didn't use any crummy drakes," Bluhm says. She also gave all the ducks what she calls "the spa treatment," protecting them from predators and keeping their eggs in an incubator. 

"It was a very conservative experiment," Gowaty says. Seeing a greater duckling survival under such plush conditions suggests to her that the effects would be even more dramatic in the real world.

Why ducklings of preferred matings survived better "is a mystery," Bluhm says. Gowaty agrees. But she speculates that an aspect of compatibility, perhaps the mix of immune factors, plays a role. 

John A. Byers of the University of Idaho in Moscow comments that the mallard study "comes closer than many people have to getting at the benefits of female choice." Byers, who studies how pronghorn antelope choose mates, calls for much more work on female choice in natural settings to complement the captive experiments.

"I think female choice is going to turn out to be really important," he says, "and it's going to have stronger effects than we expected." 
-S. Milius 

Female mallards in the wild often get little choice about who fathers their brood. (Ducks Unlimited Canada)

Bt-treated crops may induce allergies

Bacillus thuringiensis (Bt), a moth-killing bacterium that farmers use as an insecticide, has been considered nontoxic to all but a few types of insect larvae. It may pose some health risk for people, however. A new study of Ohio crop pickers and handlers finds that Bt can provoke immunological changes indicative of a developing allergy. 

With long-term exposure, affected individuals might develop asthma or other serious allergic reactions, notes study leader I. Leonard Bernstein of the University of Cincinnati College of Medicine.

During more than 30 years of use, Bt has exhibited little human toxicity. However, "its potential allergenicity had never been carefully addressed," Bernstein says. So, he studied farm workers before and after fields were sprayed.

In the July Environmental Health Perspectives, his team demonstrates Bt's allergenicity. Before the pesticide's application, 4 of 48 crop pickers, about 8 percent, had a positive skin test to Bt, indicating a sensitivity that can lead to an allergy. One month after harvesting Bt-sprayed celery, parsley, cabbage, kale, spinach, and strawberries, half the pickers tested positive. That share climbed to 70 percent within another 3 months.

Workers with less direct exposure proved less likely to develop Bt sensitivity. Of 34 packers who washed and crated Bt-treated crops, just 5, or 15 percent, had positive skin tests after the spraying. Among 44 field hands working 3 miles away from Bt-sprayed fields, only 5, or 11 percent, tested positive. 

Blood tests confirmed that many workers who tested positive also had immunoglobulin E antibodies to the strain of Bt sprayed. These antibodies can signal a developing allergy. Hay fever sufferers, for instance, often produce such antibodies 4 or 5 years before symptoms such as sneezing develop.

"We'll take a look at this study," notes Chris Klose, a spokesman for the American Crop Protection Association in Washington, D.C. If the new study's findings are confirmed, "the [pesticides] industry would be concerned," he says.

"In terms of consumer safety, there is probably also reason for concern," says Brian Baker of the Organic Materials Review Institute in Eugene, Ore. Gardeners and others "should remember Bt is a pesticide and show it the same respect they would other pesticides," he adds.

Though the data show that Bt "has the potential to elicit allergic responses," the pesticide was "not horribly allergenic," observes coauthor MaryJane K. Selgrade of the Environmental Protection Agency in Research Triangle Park, N.C. However, the new data are prodding the agency to develop standardized assays so that microbial-pesticide developers can rank the relative allergenicity of their products. Indeed, Selgrade notes, if what makes Bt allergenic is not what makes it pesticidal, developers might one day genetically manipulate Bt to make it less worrisome.      -J. Raloff 

Bt is used on crops including strawberries.

DNA crystals are a bacterium's best friend

For many bacteria, when the going gets tough, the tough stop growing. Faced with a lack of nutrients, microbes may shut down many of their cellular activities, such as replication, and simply wait for better days.

During this so-called stationary phase, some bacteria shield their DNA from degradation by embedding the genetic material within crystals of a protein called Dps, Abraham Minsky of the Weizmann Institute of Science in Rehovot, Israel, and his colleagues report in the July 1 Nature.

"It's an amazing possibility. This could represent a new paradigm for how cells protect themselves in situations of starvation, dryness, or whatever," says microbiologist John R. Battista of Louisiana State University in Baton Rouge.

The story of Dps begins in 1992, when a research team led by Roberto Kolter of Harvard Medical School in Boston described the novel DNA-binding protein produced by nutrient-deprived colonies of the bacterium Escherichia coli. "In stationary phase, Dps is one of the most abundant proteins in the bacteria," notes Steven E. Finkel, a Harvard colleague of Kolter.

Kolter's team subsequently found that the protein protects the DNA from highly reactive oxygen-containing molecules called free radicals. Because many bacteria other than E. coli also make proteins resembling Dps, Kolter and his colleagues speculated that they had found a common bacterial strategy to safeguard DNA.

Left unresolved was the question of how Dps exerts its protection. In 1997, the team deduced the shape of Dps and concluded that 12 copies of the protein normally aggregate to form a hollow, spherical complex. Since the structure of Dps resembles that of an iron-binding protein called ferritin, the scientists suggested that the Dps complex sequesters iron within it, preventing the metal from helping to produce DNA-damaging free radicals. 

The new work reveals another explanation for Dps' protective talents, one not incompatible with the iron-sequestering theory. Minsky and his colleagues, working with Kolter's group, found that when they added DNA to a solution of Dps, the protein spheres aggregated and quickly formed crystals. 

Microscopic analysis revealed that the Dps crystals had incorporated the DNA within their structure. This biocrystallization appears to offer an effective method of preserving DNA integrity, says Minsky.

He and his colleagues next studied an E. coli strain genetically engineered to overproduce the Dps protein. Under normal growth conditions, no Dps crystals formed within the bacteria. When starved, however, the microbes created large Dps crystals like those observed in the test-tube experiments. Similar, though smaller, crystals arose in normal E. coli deprived of nutrients. 

The starvation-induced crystallization reverses without damaging the microorganisms. "Once nutrients are supplied, [the crystals] disappear within a very short timescale, and the bacteria are viable and growing," says Minsky.

While the Dps spheres appear to crystallize by packing together like oranges in a crate, how bacterial DNA integrates itself into the crystals remains unclear. "We believe DNA wraps around the outside of the [Dps] protein complexes," says Finkel, noting that such a scenario would allow Dps to separate DNA from any iron within the spheres. 

Since actively growing bacteria have free-floating Dps complexes, Minsky's group has begun to look for molecules within starved bacteria that trigger the unusual crystallization. 

Why haven't scientists taken note of this process in their decades of research with E. coli? Perhaps because investigators tend to study growing bacteria. "The stationary phase of the bacterial life cycle has not really been appreciated until recently," notes Finkel. 
-J. Travis

A pitch for decoding frequency more simply

The music of Mozart is surely inspiring. However, one seldom hears even the most avid music enthusiast exclaim, "Ah, the 800-hertz fundamental in those violins is spectacular!"

One reason is that the human brain translates the numerical frequency of a sound into a qualitative characteristic called pitch-middle C, for example. How and where this handy translation takes place has long been murky. Now, researchers in Spain and Italy have proposed a new explanation for the brain's ability to sort out complex sounds-those that contain tones of different frequencies-such as music or voices. If the theory takes hold, it may challenge scientists' basic understanding of how the brain organizes hearing.

The aspect of a complex sound that largely defines its pitch is its lowest-frequency tone, or fundamental. Yet, people easily perceive a sound's pitch from the overtones when its fundamental is missing, as sometimes happens, for example, when they listen to a small radio. 

Since the 1960s, researchers have developed several models to account for pitch perception, but all have shared the idea that the brain sorts through incoming overtones one by one until it has enough information to infer a missing fundamental. This process demands a lot of resources, and scientists believe it could only take place in the auditory cortex, the final and most powerful part of the brain's hearing system.

In the June 28 Physical Review Letters, physicist Julyan H.E. Cartwright of the Higher Council for Scientific Research in Granada, Spain, and his colleagues propose an alternative theory, in which pitch perception could occur earlier in the auditory process. 

The team suggests that somewhere in the hearing system, two or more incoming overtones of different frequencies stimulate a specialized bundle of nerve cells called an oscillator, similar to structures found elsewhere in the brain. The oscillator then resonates at a frequency derived from the incoming tones. The researchers theorize that the brain uses that resonance frequency to determine the missing fundamental.

So far, Cartwright says, the theory appears to explain studies of how people perceive shifts in pitch as well as more elaborate models do. The new model, however, hasn't yet been applied to other data, some of which may provide tougher tests of the theory, he notes. 

The researchers believe that if further data support the theory, the new model may lead to medical applications, such as better hearing aids. "The more we know about how we process sound, the more we can do to correct things when defects occur in the auditory system," Cartwright says.

Some scientists are skeptical of the theory, however. William M. Hartmann of Michigan State University in East Lansing observes that the model requires interaction between overtones. In experiments, though, researchers have observed that people perceive missing fundamentals best when the accompanying overtones travel through the auditory system along separate channels. 

Study coauthor Diego L. Gonz lez of the Lamel Institute in Bologna, Italy, however, notes that signals that travel along separate nerve pathways through most of the auditory system may still converge and mingle at specialized sites along the way.

Acoustic psychologist Frederic L. Wightman of the University of Wisconsin-Madison argues that the new model doesn't explain how representations of musical tones could interact in this way in the neural depths of the auditory system, where signals operate not as waves but as all-or-nothing electrical spikes. 

Cartwright responds that the visual, olfactory, and memory systems use neural oscillators to emit pulses at varying frequencies. "It's not saying anything outrageous to say these nerve cells would oscillate in response to incoming auditory signals," he says. 
-S. Carpenter

Stop-and-Go Science

By better understanding traffic flow, researchers hope to keep down highway congestion 

By PETER WEISS

Welcome to Los Angeles. The year is 2020. The traffic is, well, worse.

Average commuting times are twice what they were in the 1990s. Drivers endure a stop-and-go crawl over almost half the miles they travel. Peak speeds on the region's roads have tumbled. The average rush-hour, roadway speed is 24 miles per hour. 

These bleak predictions from the Southern California Association of Governments may paint a more troubled picture for L.A. than what's expected for many metropolitan areas. However, the rest of the world's cities won't be far behind.

Officials at all levels of government are sorting through a queue of proposals to lessen congestion. They include, for example, better mass transit systems, new road-use fees to influence driver choices, and construction of separate highways for cars and trucks. 

Meanwhile, scientists and engineers around the globe are trying to figure out how to cram more vehicles onto the existing roadways without putting highway speeds into a nosedive. "We can't just build more and more roads, so basically we have to try to use the existing capacity more efficiently," says Peter Molnar, a traffic scientist at Clark Atlanta (Ga.) University.

It's a two-pronged undertaking in which researchers are generating mathematical and computer models of traffic flow and at the same time devising ways to reduce congestion.

Some of the new mathematical models, advanced mainly by physicists, depict traffic as more complex and unpredictable than traditional traffic experts, mainly civil engineers, believe it to be. These models have sparked intense controversy.

Other, relatively simple models, which are based on computer simulations rather than differential equations, are winning acceptance for their ability to generate artificial traffic networks that behave like real ones. 

Researchers have also begun applying their findings in new ways, such as combining simulations with actual traffic data to predict and avert delays. In the next few years, traffic-forecasting systems linked to intelligent highway controls, such as on-ramp metering lights, will become more common, the scientists say. Then, the benefits of their investigations should start to kick in.

Traffic-flow research is undergoing "a renaissance due to technological advances," especially in computing, says Bernardo A. Huberman of Xerox PARC in Palo Alto, Calif. 

Armed with powerful mathematical and computational tools, scientists interested in traffic patterns have flooded the literature with creative representations. "You have a whole zoo of models," says Michael Schreckenberg of the University of Duisburg in Germany. "It seems that every second paper defines a new model," he jokes.

Computer-based traffic models simulate virtual vehicles that motor by the hundreds or thousands through an artificial highway network. The simulations emerge from a more general category of computer models known as agent-based systems, or cellular automata. 

In such models, multitudes of agents interact in an artificial environment. A limited set of rules governs each agent's behavior, making possible endless scenarios, from the evolution of weird life forms to the rise and fall of artificial societies (SN: 11/23/96, p. 332). 

"We're trying to boil this whole complicated thing down to a few [traffic] rules," says Kai Nagel of the Los Alamos National Laboratory and the Santa Fe Institute, both in New Mexico. 

In the early 1990s, he and Schreckenberg introduced cellular-automata models to traffic-flow research. Since then, such simulations have grown in popularity. Although the models are built from simple rules, the collective behavior of the antlike subunits can become complex. The units in computer-driven cellular-automata models can suddenly organize themselves into distinctive patterns (SN: 8/13/94, p. 109), some of which resemble highway congestion.

In contrast to the cellular-automata methods, a more top-down, conceptual approach to traffic relies on equation-based models. These typically depict the aggregate characteristics of traffic, such as average speed and traffic density. Researchers often build such simulations by adapting physical models of the behavior of gases and liquids. 

Using this approach, some scientists have recently proposed a new picture of traffic. They argue that vehicle flows can suddenly and spontaneously turn sluggish or crystallize, a process like the transition of a freezing liquid to a solid. These phase transformations of traffic can appear in some parts of the flow but not in others. 

An even better analogy points to the flow of granular materials, such as sand or salt, says Schreckenberg. In a pile of sand that's partly damp and partly dry, slightly damp grains tend to clump up. Even dry sand can undergo sudden transformations, such as an avalanche. 

Recognizing that unlike molecules or sand, cars move under the control of people, physicists have added expressions to their equations to take into account drivers' abilities to anticipate conditions and attempt to avoid crashes. 

Spontaneous transformations of traffic, as seen in their models, indicate previously unrecognized complexity in highway flow, according to Shreckenberg and other statistical physicists. Understanding it requires the concepts and equations of a relatively new branch of mathematics known as nonlinear dynamics, they say.

Since the late 1970s, researchers have tapped nonlinear dynamics as a tool for understanding a wide range of phenomena, including chemical reactions that progress through phases (SN: 2/21/98, p. 116) and boom-or-bust population cycles of various organisms (SN: 9/10/94, p. 164). 

If scientists can make sense of this new-found highway complexity, they may have a better chance of smoothing it out. "If you know the dynamic properties of traffic patterns, then you can predict what happens with these patterns in the future," says Boris S. Kerner of automaker DaimlerChrysler in Stuttgart, Germany. Such warning would allow traffic controllers to activate strategies to prevent sudden transitions or break up undesirable phases once they have formed, he adds.

Kerner is a leading advocate of this new view of traffic as a complex system. He and Hubert Rehborn, also at the DaimlerChrysler Research Center, have found evidence that traffic can transform between several different phases, similar to the way that water changes between vapor, liquid, or ice states. 

The researchers analyzed traffic data collected from sensors built into German autobahns. Besides freely flowing cars and a full-scale traffic jam, they first reported in 1996 a third state, which they dubbed synchronized traffic flow. Under certain circumstances, cars would suddenly all slow down to roughly the same speed and tend to stay in lane, indicating that the traffic had jelled into a type of unified, moving mass.

Further data revealed that the synchronous phase allows waves of dense traffic to pass upstream along the highway and leads to stop-and-go driving conditions. Kerner reported this finding in the Oct. 26, 1998 Physical Review Letters.

He concludes, "With our experimental results . . . we have understood the nonlinear properties of real traffic flow."  

Despite Kerner's declaration, other researchers are still adding new pieces to the puzzle. Huberman and Dirk Helbing of the University of Stuttgart found another highly coordinated, dense traffic state in a cellular-automata simulation of mixed cars and trucks. They described it in the Dec. 24/31, 1998 Nature. 

The researchers reported finding evidence of their simulated traffic phase in Dutch highway data. "This state is quite favorable because it's associated with a high flow," Helbing explains.

More recently, Helbing and other colleagues came up with a new analysis of traffic that defines six phases. Besides free flow and traffic jam, the researchers identify four phases of congestion, all characterized by waves of rising and falling vehicle density. The phases may overlap with Kerner's synchonized traffic state. 

The new findings distinguish the phases by how often waves pass through the stream of vehicles and how much the density drops off between waves. In a phase called a "pinned localized cluster," for instance, an enduring but very localized bunching haunts the immediate vicinity of an on ramp. 

The researchers have found evidence for each of the phases in data from European autobahns. Their analysis appears in the May 24 Physical Review Letters.

Instead of the excitement of the physicists who have created it, the new picture of traffic has aroused the ire of traditional traffic researchers. Traffic engineers are particularly disturbed by the physicists' notion that traffic flow can spontaneously break down into a slow-moving or stopped state.

"When congestion arises for no apparent reason, this just means that its cause has not been identified," asserts Carlos F. Daganzo of the University of California, Berkeley. There are many possible causes to choose from, such as accidents, merges, stalled cars, and slowpoke drivers.

Studies of actual traffic by Michael J. Cassidy, also of Berkeley, show that congestion recurs reliably at the same bottlenecks along highways. Uncovering the causes usually suggests cures, such as ramp metering or redesigning the geometry of a stretch of highway. However, "if congestion really does form for reasons we cannot pinpoint, then dealing with congestion in those instances would be much harder," Cassidy says.

In the May 19 Transportation Research  Part A, Cassidy, Daganzo, and Robert L. Bertini, also of Berkeley, explain how ordinary bottlenecks could account for Kerner's data without invoking nonlinearity or self-organizing complexity. 

Daganzo also notes that engineers have long been aware of phase transitions in traffic, such as the onset of a jam, but have simply used different words to describe the phenomena. The recent models, for the most part, rediscover and relabel well-known concepts and observations in their field, he and other engineers claim.

The complicated, nonlinear models also fail the test known as Occam's razor, says Paul Nelson, a physicist at Texas A&M University in College Station. That is, the simplest theory that explains a phenomenon is the best theory. The complex models "clearly can be tuned to produce about any effect one wishes to produce," Nelson argues, and thus may have little to do with real traffic.

In response to the modelers who envision improving the flow of vehicles on highways, Carroll J. Messer, also of Texas A&M, offers a word of caution. He notes that the capacity of a typical American freeway has grown steadily, from 1,800 vehicles per lane per hour in 1965 to about 2,400 per lane per hour today. "It's because of better vehicle performance and driver performance and because our roads are better," he says. Messer, however, wonders if that figure can realistically go much higher. There are limits to the degree to which motorists' driving can be coordinated, he says.

A number of researchers already have taken their cellular-automata models on the road to monitor and predict traffic throughout an extensive area. Schreckenberg and his colleagues have made such a model for Duisburg, a city of half a million people, and blended the simulation with data from road sensors. The model provides up-to-the-minute information on traffic flows within the city via the Internet (http://traf2.uni-duisburg.de/OLSIM). Visitors to the Web site see a color-coded map indicating which streets are congested. Click on a street, and more-detailed information pops up, such as the number of cars per minute. 

By winter, a much more ambitious plan to simulate traffic on the major arteries of Europe's most densely populated region should be complete, Schreckenberg says. In the German state of North Rhine-Westphalia, there are 10 million people within a diameter of 68 kilometers. He says, "It's comparable to Los Angeles. It has no real center." Much of the truck traffic between Western and Eastern Europe rumbles across the area's highways.

Beyond minute-by-minute updates on traffic flows, which should begin in August, the model will also provide 1-hour traffic forecasts by the end of November, Schreckenberg says. "In 1 minute, you can calculate for the next hour," he explains. "You just accelerate the simulation."

These predictions would allow drivers with access to the Internet to plan their speediest route. 

Traffic engineers at Texas A&M are also blending the real and the simulated, but with a different goal. In a laboratory at the Texas Transportation Institute, they link simulations of vehicle traffic to  computerized traffic controllers used in the field. The controllers, in turn, simultaneously drive both real signals and signs, such as traffic lights, and simulations of such indicators.

"We could use simulated control or flip a switch and use the real control system," Messer says. "It's just like replacing a heart in surgery." 

By running simulations through the actual equipment, engineers get to see how well their control strategies handle various scenarios, such as accidents or construction. Test runs help them iron out bugs that could make traffic worse rather than better, Messer says.

Cellular-automata simulations are also beginning to influence long-range traffic planning. The Transportation Analysis and Simulation System (TRANSIMS), which Nagel and other researchers have been developing at Los Alamos National Laboratory, tracks the movements, over a 24-hour period, of a population of software agents matched statistically to a city's residents. The simulation takes into account minute details about streets, traffic signs, bus and bike routes, and neighborhood demographics. It reveals overall and local traffic-flow patterns while monitoring each individual's contribution.

A TRANSIMS simulation of part of Dallas has influenced road-construction planning in the city. The project's scientists hope by next year to model the entire city of Portland, Ore.

While disagreeing on what it takes to understand traffic, researchers seem to concur that it's a comprehensible phenomenon that will yield to their efforts. To theorists such as Schreckenberg, who helped launch cellular-automata traffic models about 8 years ago, the ultimate triumph would be to unite cellular-automata and equation-based models under one conceptual umbrella-"a universal theory of traffic," he calls it. 

"Development is going very fast at the moment," Schreckenberg says. He expects that in the next 8 years, they'll find such a theory.

Many of the experts also seem optimistic that applying their understanding of traffic, either by increasing the flow of vehicles on existing roads or improving planning for future highway growth, will make a difference in the battle against congestion.
n

Speed limits change in response to traffic conditions on M25, a highway encircling London that has devoted a segment of its 117-mile length to testing technologies to improve traffic flow. Behind the scenes, people in a control room use video cameras to monitor traffic along M25 and connecting roads. By setting speeds and giving other directions (inset shows a sign on a local road), the pilot system has improved traffic flows, cut accident rates, and lessened pollution, say London police. (Highways Agency/Giles Barnard)

(Highways Agency)

Traffic congestion fluctuates in waves shown in graphs of solutions to a mathematical model of highway flow near an on ramp (at x=0). Patterns include bunching just next to the ramp (left), stop-and-go traffic in which cars reach full speed between jams (center), and stop-and-slow traffic in which cars don't regain full speed before reaching the next congestion wave (right). Which pattern, or traffic phase, forms depends on how many vehicles pour in from upstream (negative x direction) and from the on ramp. (Helbing et al./U. Stuttgart)

A simple cellular-automata simulation of traffic flow: Cars (red) and trucks (black) queue at a red light (red dot at lower left) and then resume movement when the light turns green. Graphs track behavior of a test vehicle (arrow) and total traffic flow. An active demonstration can be viewed at http://www.theo2.physik.uni-stuttgart.de/treiber/MicroApplet/index.html. (Second Institute of Theoretical Physics/U. Stuttgart)

Astronomy

Mars in 3-D

From a basin deep enough to hide Mount Everest to a 2-kilometer-high ring of rock, a new map of Mars is providing scientists with greater detail about the Red Planet than they have about some parts of Earth. 

By bouncing a laser beam off the Red Planet, the Mars Global Surveyor spacecraft has made some 27 million measurements of the Martian terrain. Overall, the highs and lows gauged by the laser technique are accurate to within 13 meters, with large areas of the flat northern hemisphere measured to better than 2 m. Highlights of the map include:

_ A persistent downhill slope from south to north at all latitudes indicates that if water once flowed on the Red Planet, 75 percent of it would have drained into the northern lowlands, notes Surveyor scientist Maria T. Zuber of the Massachusetts Institute of Technology. Intriguingly, previous measurements with Surveyor's Mars Orbiter Laser Altimeter (MOLA) experiment revealed that the northern lowlands are as flat as ocean floors on Earth (SN: 4/4/98, p. 218). "It certainly looks like a lot of water pooled in the north," comments James W. Head of Brown University in Providence, R.I.

_ The new map suggests that processes inside the planet generated the low elevation of the northern hemisphere, says MOLA researcher David E. Smith of NASA's Goddard Space Flight Center in Greenbelt, Md. Some astronomers had argued that the low-lying terrain was shaped by the impact of a giant asteroid or comet.

_ A detailed look shows a giant ring of material, 2 km high, surrounding the deep impact basin Hellas in the southern highlands. The ring, which has a volume equivalent to a 3.5-km-thick layer of rock spread over the continental United States, is presumed to be material excavated when an asteroid gouged out Hellas. This ejected material, along with debris surrounding another southern highlands basin called Argyre, may account for the uneven terrain and high elevation of southern Mars, Smith says.

_ On a smaller scale, the map shows that the eastern part of the vast Valles Marineris canyon slopes westward and lies 1 km below an adjacent region where channels that may once have carried water emptied. This suggests that at some time, water filled the canyon. "The data clearly reveal the localized areas where water may have once formed ponds," says Zuber.

_ The volume of the north and south polar ice caps indicates that they now contain only 40 percent of the amount of water required for the oceans that scientists theorize once existed in the northern hemisphere. "This does not say that there was no ocean," says Smith. Additional water could have evaporated or gone below the surface, he notes.

Smith, Zuber, and their colleagues describe the global map in the May 28 Science. 
-R.C.

Three-dimensional map of Mars, presented as a globe. Each successive view shows the planet rotated a quarter turn. Blue denotes the lowest elevation, red the highest. Arrow indicates the basin Hellas. (Smith et al./NASA)

Biology

Recipe found for orchid aphrodisiac

Researchers have at last figured out the recipe for one of nature's sexier perfumes, the scent produced by an Ophrys orchid. The blend packs more power than they expected.

The odor wafting from the small, reddish-brown blooms of the European Ophrys sphegodes drives male bees of the species Andrena nigroaenea into such a frenzy that they try to mate with the blossoms. The blooms offer no nectar and depend on these delusory encounters for pollination.

Early attempts to analyze the scent yielded compounds that evoked only mild interest from male bees. Researchers had speculated that the flowers attracted only those bees "with a low threshold for sexual stimuli," as Florian P. Schiestl of the University of Vienna and his colleagues describe the work.

Using new techniques, however, they located and identified a much more potent aphrodisiac. In the June 3 Nature, they describe exposing male bees to extracts of various parts of both flowers and female bees. The flower power came from the waxy coating on part of the bloom, suggesting that the sexual attractant may have had its evolutionary roots in waterproofing.

The team then ran extracts of both flower and bee parts through a gas chromatograph hitched to male bee antennae and checked to see which compounds kicked up nerve-cell activity.

Fifteen substances from female bees interested males quite a bit, and the orchid flower turned out to produce 14 of them. 

A synthetic blend of these fairly simple compounds, straight-chain saturated and unsaturated hydrocarbons, drove males wild with passion. But to the human nose, notes Vienna's Manfred Ayasse, the scent "is almost nothing." 
-S.M.

How moths tell if a yucca's a virgin 

Female yucca moths appear to leave a scent mark on flowers they visit, a bit like dogs claiming their fire hydrants. 

Brushing flowers with substances from female abdomens tricked moths into reacting as if the bloom had already been visited, report Chad J. Huth and Olle Pellmyr of Vanderbilt University in Nashville in the June  Oecologia. 

These latecomers waggle their antennae furiously as if checking for scents. If one or more moths have already found the same flower, the late visitor reduces the number of eggs she lays there or just departs.

Huth and Pellmyr also observed that females crawling around a blossom make a characteristic gesture that looks like scent smearing, dragging their abdomens over the flower surface. 

Yuccas and yucca moths need each other. During a female's few days of adult life, she cruises for yucca blooms, the only place she deposits her 100 or so eggs. When she finds a likely flower, she injects three to five eggs into the flower's ovary, and in most cases, pollinates the flower too. This is the only pollination service the flower gets, Pellmyr explains.

When an egg hatches, the developing larva eats about 20 of the yucca flower's 300 seeds. If too many larvae hatch in the same flower, however, the plant aborts it, and the larvae die. The moths therefore face a strong evolutionary pressure not to overload a flower, says Pellmyr.

Other insects leave perfume calling cards, such as Heliconius butterflies scenting the leaves on which they lay eggs. The new analysis, Pellmyr says, is the most direct evidence that yucca moths also leave their marks. 
-S.M.

A female moth pollinates a yucca flower after laying her eggs in the blossom's ovary. (Pellmyr)

Earth Science

Reading the leaves for climate clues

Some mummified birch leaves are haunting scientists who are trying to piece together the history of carbon dioxide. 

These 10,000-year-old leaves, dredged from a Dutch bog, are threatening to upend ideas about how much of this greenhouse gas filled the atmosphere before the industrial revolution, reports a team of botanical investigators.

Climate scientists have traditionally drilled into glacial ice to assess the past atmospheric concentration of carbon dioxide. Ice cores in Antarctica and Greenland contain bubbles of trapped prehistoric air, the oldest of which date back 400,000 years. Studies of these bubbles indicate that carbon dioxide values remained below 300 parts per million from that time until the Industrial Revolution. Current concentrations exceed 365 ppm.

Friederike Wagner of Utrecht University in the Netherlands and her colleagues have now gauged past carbon dioxide concentrations by studying the pores on the undersides of ancient birch leaves. Experiments on living birches have shown that leaves produce fewer pores when the atmosphere holds more carbon dioxide. With fewer openings, leaves lose less water while still taking in all the carbon dioxide they need.

The pore data indicate that carbon dioxide concentrations reached values between 334 and 362 ppm about 10,000 years ago, the researchers report in the June 18 Science. "For the first time, we are able to trace short-term variations in carbon dioxide," says Wagner. Ice-core studies lack the resolution to pick up rapid changes, she says.

The leaf study, however, gets a chilly reception from ice-core researchers. "Their data totally contradict our data, so one of the records is wrong," says Andreas Inderm�hle of the University of Bern in Switzerland. "I think their results are questionable." In the March 11 Nature, Inderm�hle and his colleagues published a study of Antarctic ice cores covering the last 11,000 years.

The ice-core method is a more direct measure of ancient carbon dioxide concentrations than the botanical analysis, which relies on determining atmospheric values from leaf pores, he says. Although the ice cores cannot resolve year-to-year changes in carbon dioxide concentration, some can detect changes over a few decades, says IndermŸhle. 
-R.M.

La Niña stirs weather extremes

The Pacific chill known as La Niña has contributed to the drought currently plaguing the Mid-Atlantic states and will whip up an unusually strong hurricane season in the Atlantic this year, according to the National Oceanic and Atmospheric Administration (NOAA).

Cold water appeared in the equatorial central Pacific in May of 1998 and has lingered there since then, upsetting weather patterns across the world. NOAA's Climate Prediction Center last month forecast that La Niña will persist for the next several months and possibly into early 2000.

In some ways the opposite of El Niño, the Pacific cooling helped set up atmospheric pressure patterns that kept rain away from the Mid-Atlantic this spring. La Niña could drag the drought out for several more months, says NOAA chief D. James Baker.

Repercussions of the Pacific cooling will reach clear around the world to West Africa, the birthing ground for Atlantic hurricanes. In May, NOAA's National Hurricane Center issued its first-ever preseason hurricane outlook, in which it forecast above-normal storm activity this year. 

La Niña fosters hurricanes by influencing the winds blowing off West Africa toward America. In particular, it tends to reduce the shearing between high-altitude and low-altitude wind. Such shearing can lop the top off storms as they build. 
-R.M.

Science & Society

Safe tobacco? Nice try, but no cigar

Persons looking for a hip alternative to cigarettes have increasingly reached for cigars. Despite a 3 percent decline in U.S. cigarette use between 1990 and 1996, cigar sales have jumped nearly 50 percent since 1993. 

Cigar smoking's  increasing popularity follows some heavy promotion by tobacco companies. Moreover, notes epidemiologist Carlos Iribarren of the Kaiser Permanente Medical Care Program in Oakland, Calif., many people consider stogies a relatively safe alternative to cigarettes. His new data indicate that this is a dangerous misconception.

Iribarren's team studied 17,774 men who entered the health plan 25 years earlier. Of these, 1,546 men reported smoking cigars and no other tobacco products. Some 17 percent of that number smoked more than five cigars a day.

The Kaiser team recorded hospitalizations or deaths from heart disease through 1995, and cancer diagnoses through 1996. 

In the June 10 New England Journal of Medicine, the researchers report that regular cigar smoking, independent of any other risk factor, increased a man's risk of coronary heart disease by about 30 percent. Cigar use boosted by roughly 40 percent the likelihood that a man would develop chronic obstructive pulmonary disease, which includes some cases of chronic bronchitis and emphysema. This study, which updates preliminary observations reported at a meeting last year (SN: 3/28/98, p. 204), becomes the first to tie regular stogie use with coronary heart disease. Regular use, Iribarren emphasizes, is not "a cigar now and then."

Cigar smoking also roughly doubled the chance that a man would develop cancer in the mouth, throat, esophagus, or lungs. The Kaiser team also detected hints of synergism between cigars and heavy alcohol consumption among the few throat-  and mouth-cancer victims. 

"It is critical that cigars not be construed as a safe or a less costly alternative to cigarettes," argues Surgeon General David Satcher in an accompanying editorial. Indeed, to discourage use, he now advocates taxing cigars at the same rate as cigarettes. Cigar labels, he says, should carry health warnings comparable to those on cigarettes. 
-J.R.

EMFs-doubts linger over possible risks

Although the data linking electric and magnetic fields (EMFs) to cancers or other diseases is "weak," a new federal review concludes that exposures to these fields "cannot be recognized as entirely safe."

Seven years ago, Congress established a federal EMF Research and Public Information Dissemination (RAPID) Program to try to find biological mechanisms that might explain the epidemiology linking EMFs to cancer (SN: 6/18/94, p. 388) and other health effects (SN: 1/10/98, p. 29). The National Institute of Environmental Health Sciences (NIEHS) summarized what RAPID had learned in a 75-page report it sent to Congress 2 weeks ago.

Overall, the report finds, epidemiological studies of human populations exposed to high EMFs have shown "a fairly consistent pattern of a small, increased risk with increasing exposure" for both childhood leukemia (SN: 11/30/91, p. 357) and chronic lymphocytic leukemia in adults. However, the fact that cellular and animal studies have failed to find any support for that link "severely complicates" the interpretation of these data, says NIEHS director Kenneth Olden in a letter accompanying the report. 

Olden recommends that the federal government continue basic research on the effects of EMFs in several areas, including leukemia. Indeed, the new report identified several new findings, such as EMFs' link to reduced heart-rate variability (SN: 1/30/99, p. 70), that "may warrant additional study."
-J.R.

The Secret Lives of Squirrel Monkeys

Social behavior takes surprising turns among these tiny primates

By BRUCE BOWER

Don't mess with Pacino. He brawls hard and dirty, and he stoically takes his licks. Constant no-holds-barred battles have left wicked scars on his mouth and nose. Still, he looks good compared with the guys he regularly thrashes. Their injuries include torn ears, permanent limps, scarred hands incapable of grasping, and missing tail segments.

Pacino is the alpha male-top dog, so to speak-in a troop of South American squirrel monkeys. As the undisputed champ of daily tooth-and-claw clashes, Pacino reigns over about a dozen adult males who operate as a loose-knit gang when not disfiguring each other.

Pacino and his male underlings dole out plenty of abuse to the opposite sex as well. Hostile acts range from grabbing fruit out of females' mouths to pinning females down to force them to copulate.

Simply put, these fuzzy little guys, weighing in at around 1.5 pounds, are pigs. Yet the long-suffering females show no signs of organizing efforts to protect their food or to fend off Pacino and his nasty boys. Instead, each adult female largely sticks to raising her kids and searching alone for fruit and insects.

So goes the unpleasant lives of standard-issue squirrel monkeys, an observer might conclude. Not exactly. The social arrangements of Pacino and his terrorized troop, who live in the country of Suriname, north of Brazil, are as different from those of Costa Rican squirrel monkeys as a street gang's code of conduct is from Amish etiquette. Moreover, Peruvian squirrel monkeys take another path altogether, emphasizing what some might call "girl power." 

Among the Costa Rican primates, neither sex tries to push the other around or to control food supplies, and fighting almost never occurs. In Peru, however, close-knit groups of females rule. Males keep their distance as females peruse the best foraging spots; sexual activity takes place only when a female signals her readiness to a suitor of her choice.

Either of these social scenes would repel Pacino, whom researchers in the field named after actor Al Pacino, perennial movie tough guy. During the past 2 years, a team led by anthropologist Sue Boinski of the University of Florida in Gainesville has for the first time documented the uneven battle of the sexes in the Surinamese squirrel monkey population.

Pacino the squirrel monkey, though he acts like his namesake's character in Scarface, plays in a larger drama that might be called The Three Faces of Saimiri. Scientists place all squirrel monkeys in the genus Saimiri but have long debated how many species of these diminutive primates exist. Behavioral contrasts among Saimiri populations, combined with new DNA data, now support the existence of at least three distinct squirrel monkey species, Boinski contends.

Boinski's three-way species comparison also suggests that the time has come to revamp an influential model of primate social behavior. In particular, her work challenges the notion that intense food competition within a group always yields female alliances aimed at countering the power plays of pushy males.

Stark contrasts in squirrel monkey behavior further suggest that scientists have greatly underestimated the extent to which early Homo species and other human ancestors led diverse social lives, Boinski argues.

To top it off, the Florida researcher rejects the longstanding view that squirrel monkeys behave much the same in the wild as they do in captive colonies. "Beyond descriptions of basic female-male relationships, more than 30 years of captive studies offer fragmented, often distorted, interpretations of squirrel monkey social behavior," asserts Boinski.

Peering through the thick foliage of a rain forest, a person has a tough time locating, much less keeping up with, groups of the dark-muzzled primates. So, only a few researchers have conducted detailed, extended fieldwork with squirrel monkeys. Boinski laments this situation but finds it understandable. 

Squirrel monkey troops in the wild, which usually consist of 25 to 50 animals, cover home ranges measuring several miles across. Tree-swinging troop members zip through swamps and forests at a moment's notice, testing the reflexes and stamina of human observers. Tracking a specific troop becomes even harder in areas where the monkeys migrate seasonally across long distances.

As small-bodied animals vulnerable to predators such as snakes and jaguars, squirrel monkeys require at least 4 months to get used to the presence of curious scientists. Observers who pass that hurdle still find it difficult to tell individual troop members apart.

Boinski's team solves that problem by briefly trapping each animal and applying telltale dye marks. 

A squirrel monkey troop often spreads out so far in the course of daily activities that most individuals cannot see any of their compatriots. To maintain contact, the monkeys yell out birdlike sounds that, after one hears them for a while, "are as blatant as a high school band," Boinski says.

Squirrel monkeys' evolutionary history is anything but blatant. Their species number from one to seven, according to various investigators. Boinski and University of Chicago anthropologist Susan J. Cropp have just completed the first genetic analysis addressing this problem. 

From the hair of squirrel monkeys belonging to six separate populations and from a comparison group of South American capuchin monkeys, the scientists isolated segments of mitochondrial DNA, which is inherited only from the mother. The squirrel monkey DNA samples fall into three distinct genetic groups. As a result, Boinski and Cropp argue in an upcoming International Journal of Primatology for the existence of at least three of the squirrel monkey species that were first described more than 20 years ago.

At different times over the past 2 decades, Boinski has studied representatives of these three species: Saimiri oerstedii in Costa Rica, Saimiri boliviensis in Bolivia and Peru, and Saimiri sciureus in Suriname and Guyana.

Squirrel monkeys throughout Central and South America look much alike physically and exhibit a fondness for berries and small, soft, easily husked  fruits. At the recent annual meeting of the American Association of Physical Anthropologists in Columbus, Ohio, Boinski described the different groups' remarkable range of social behaviors. She also discussed the implications of their behavioral flexibility for understanding how primates organize their social lives. 

Prior observations of squirrel monkeys in Costa Rica and Peru, conducted by Boinski and others, fit well with a popular model of primate social behavior. Its proponents theorize that as competition for food within a group intensifies, females prove more likely to remain in their birth troop and to form alliances with their female relatives.

As this competitive scenario plays out, according to the so-called ecological model, males compete fiercely for food. Males in their prime enjoy an advantage over younger males, who look to join new troops as they reach breeding age. Resident, related females in the new troops retain an edge over the incoming males in controlling who eats what and who copulates with whom.

By contrast, when food is plentiful and competition declines, the model predicts that males will usually stay in their birth troops while females will take up with new troops in order to diminish inbreeding. In such situations, related males frequently develop moderate-to-strong alliances.

Costa Rica's squirrel monkeys nicely illustrate this low-competition scenario. They gulp down fruit from small, isolated patches that require no protection and inspire few fights or aggressive displays. Males and females operate relatively equally. Females form weak social bonds with one another and disperse to new troops upon reaching maturity, while related males maintain modest alliances.

Peruvian squirrel monkeys uphold the ecological model from the opposite direction. They compete intensely for hard-to-defend fruit patches spread throughout large trees. Females live out their lives in their birth troop, where they join forces with same-sex relatives to reign with an iron paw over males.

Squirrel monkeys in Suriname, however, show no respect for the ecological model. There, trees hold small, dense fruit clumps that one individual easily can, to put it bluntly, hog for as long as the bounty lasts. So, the alpha male takes the best fruit patch and his minions take the others, after some vicious squabbling. Boinski suspects that this "winner-take-all" strategy best protects against freeloaders who would pilfer the riches of fruit sources that are tough to find.

Yet despite constant, pitched battles over food, females of this apparent species settle for what fruit they can gather without forming alliances. They simply gather enough grub for themselves and their infants, while enduring unrelenting male violence and bullying.

Reasons for the females' unwillingness to band together remain unclear. Boinski's field observations suggest that Surinamese females leave their birth troops at maturity and enter new troops, where the lack of female kin probably discourages coalition building. Males may entice females to stay in a troop by offering them some, as yet unobserved, foraging assistance, she adds.

Only further fieldwork can tease out the subtleties of social interplay among these monkeys. For now, a general theme stands out. "Primates have coevolved with the plants and other foods that they eat," Boinski holds. "You need to know how large and predictable a species' food resources are and have been, to understand its social behavior."

Two capuchin monkey species living in a forested area of Peru also display distinctive social structures largely consistent with the ecological model, says Charles H. Janson of State University of New York at Stony Brook. Neither they nor any other monkey species, however, has shown the extreme social diversity noted in squirrel monkeys. 

Little information of this kind exists for ancient species in the human evolutionary family. Dispersed populations of human ancestors could easily have matched or exceeded the range of social behaviors observed in squirrel monkeys, Boinski contends. Yet, this possibility gets short shrift in leading theories of prehistoric social life.

Boinski's efforts impress primate researchers who know firsthand about the skittishness of wild squirrel monkeys.

"Sue's one of the few people who's been able to get anything out of wild squirrel monkeys," remarks John G. Fleagle, also at Stony Brook. "They have the attention span of a gnat and are always flicking all over the place. It's like being in the middle of hurricane."

Fleagle accepts Boinski's argument for there being at least three squirrel monkey species. Specific features of each species' habitat appear to have promoted unique social structures, Fleagle agrees.

Boinski's surprising observations of S. sciureus illustrate the need either to renovate or to raze the ecological model of primate social behavior, comments Carel P. van Schaik of Duke University in Durham, N.C., a prime architect of that theory. Certain types of conflict that have not been observed so far between the sexes, such as males killing newborns that they did not father, may deter alliances among females, van Schaik suggests.

Sally P. Mendoza of the University of California, Davis, who studies captive colonies of squirrel monkeys, considers it too early to draw firm conclusions from Boinski's findings. It's not clear why or to what extent the animals travel different social paths in the wild, Mendoza asserts. She views all squirrel monkeys as part of one genetically diverse species.

Scientists have long noted behavioral contrasts between captive colonies imported from the regions where Boinski studied S. boliviensis and S. sciureus, Mendoza notes. "Genetic variation or hormonal factors could account for the monkeys' behavioral differences just as easily as patterns of food distribution," she holds.

Also, she doubts that the forced copulation reported by Boinski in Suriname occurs regularly. "I've never seen nor can I imagine forced copulation among squirrel monkeys," Mendoza contends.

The new evidence for genetic distinctiveness of wild squirrel monkey species may challenge the widespread use of their captive relatives in biomedical research. Most captive animals are hybrids of a number of different species, Boinski argues. In her view, it's difficult to interpret the relevance for either wild squirrel monkeys or humans of medical and physiological data gleaned from small groups of these animals. 

Boinski's concerns about genetic confusion in captive-monkey research are overstated, Mendoza argues. Mixing of monkeys from different regions, resulting in hybrid offspring, has rarely occurred in captive colonies over the past 20 years, the Davis researcher holds. Boinski vigorously disagrees.

Her most pressing concern, however, is not the animals' use in medical research but further investigations of squirrel monkeys' behavior in the wild. She suspects that such work will uncover an even wider range of social behaviors. Finding scientific recruits willing to spend weeks chasing speedy monkeys through miles of forest and swamp presents a major challenge, though.

"Each year I have several graduate students who try this fieldwork and give up on it," Boinski says, sounding both amused and dismayed. 
 n

Dubbed Pacino by researchers, the alpha male in a South American squirrel monkey troop bears facial scars inscribed during fierce battles over control of prime fruit patches. (Boinski)

