A Fever in Salem: A New Interpretation of the New England Witch Trials—Laurie Winn Carlson. In 1689 outside Boston, four children became stricken with violent fits. Their limbs would contort, their skin would feel the imaginary assault of knives and pins, and their jaws would go out of joint. The community tried to cure the children with prayer and felt that it was successful in one case. This child’s healing, however, led the townsfolk to believe that Satan controlled the children. They jailed an Irish, Roman Catholic woman for bewitching the children. Thus began the Salem witch trials. Carlson examines the accounts of the afflicted and accused, and she postulates that the children and animals who suffered from this strange affliction were actually victims of an insect-borne disease called encephalitis. Ivan R. Dee, 1999, 197 p., hardcover, $24.95. 

Glass: From the First Mirror to Fiber Optics, The Story of the Substance That Changed the World—William S. Ellis. According to the writings of Pliny the Elder, glass was invented when a group of Phoenician seamen accidentally mingled an ancient embalming element with fire and sand. This tale prefaces Ellis’ tour of the aesthetic and practical applications of glass. He explains how glass windshields in jets can withstand the forces of air pressure, how glass beat out copper in modern-day communications devices, and why imperfections are not tolerated in Waterford crystal. Originally published in hardcover 1998. Bard, 1999, 306 p., color plates, paperback, $14.00.

Journey Beyond Selene: Remarkable Expeditions past Our Moon and the Ends of the Solar System—Jeffrey Kluger. Manned missions to our moon (Selene) and around Earth garner the most public attention, but the author points out that without the knowledge gained from unmanned probes such as Pioneer and Voyager, human expeditions would be risky if not impossible. Beyond that contribution, these probes, sent out by scientists at NASA’s Jet Propulsion Laboratory (JPL), have given us our only first-hand, close-up looks at what lurks beyond Earth’s moon. Kluger’s story centers on the history of JPL and its mission to convey an understanding of our solar system. By elaborating on the hassles and rivalries that JPL’s missions have provoked, Kluger’s tale and the personalities of JPL’s scientists comes to life. He also describes the many fruits of the missions, which have discovered new moons and continue to search for signs of life. S&S, 1999, 314 p., color plates, hardcover, $26.00. 

Nature Wars: People vs. Pests—Mark L. Winston. Widely regarded as the scourge of society, insects connote filth and stir phobias. However, Winston contends that our misunderstanding of these creatures causes problems for people. Of particular concern to Winston are pesticides that target insect nervous systems. He reports that annually 20,000 people fall victim to the same pesticides used to kill countless cockroaches and other bugs. With a gift for turning the arcane into amusing prose, Winston explains how natural pheromones, sterilization strategies, and insect predators are better alternatives for pest control. Originally published in hardcover in 1997. HUP, 1999, 210 p., paperback, $15.95.

Rocks of Ages: Science and Religion in the Fullness of Life—Stephen Jay Gould. Renowned naturalist Gould seeks the common ground between science’s characterization of the natural world and religion’s moral values. While many people find a fundamental conflict between science and a belief in a higher being, Gould asserts that the two pursuits can coexist peacefully. To further this thesis, Gould proposes a central principle of  “respectful noninterference” called the Principle of NOMA, or Non-Overlapping Magisteria. In four sections, he reviews the historic and psychological roots of the conflict between science and religion. Ballantine, 1999, 241 p., hardcover, $18.95. 

Survival of the Prettiest: The Science of Beauty—Nancy Etcoff. In Brazil, Avon ladies outnumber army soldiers. U.S. consumers spend more on beauty supplies than education and social services combined. Harvard University psychologist Etcoff contends that these trends do not stem from media influences or unabashed narcissism but from our will to survive. In considering across cultures and history ideals of beauty that incorporate scarring, painting, and padding of the body, Etcoff formulates a thesis that binds physical attractiveness to our evolutionary roots and the survival of our genes. In Etcoff’s view, such concepts of beauty are founded in natural selection. She sites research indicating that infants come equipped with the ability to discern good looks and presents a host of equally provocative ideas on the subject. Doubleday, 1999, 325 p., hardcover, $23.95. 

The Veterinarians’ Guide to Your Cat’s Symptoms and The Veterinarians’ Guide to Your Dog’s Symptoms—Michael S. Garvey, Ann E. Hohenhaus, et al. Assembled by a team of veterinarians, each of these books begins with a description of a healthy pet, its normal behaviors, and its well-functioning physiological systems. Each second section addresses common injuries and diseases and typical treatments for each problem. Charts listing symptoms, possible conditions, and actions necessary round out each volume. Appendices itemize congenital defects and substances poisonous to dogs and cats. Each book Villard, 1999, 175/221 p., illus., paperback, $17.95.  
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Cover: How would the United Stated fare if the Dust Bowl conditions of the 1930s returned? Scientists are now exploring how society can adapt to both natural climate shifts and changes associated with global warming. Page 136 (Archive/America)

No blanket answer on EMFs

The biological effects of electric and magnetic fields remain questionable (“EMFs—doubts linger over possible links,” SN: 7/31/99, p. 12). Has anyone specifically checked the electric bed-blanket?

A.C. English

Delray Beach, Fla.

Several research teams have investigated risks that might stem from spending long periods under electric blankets. We covered some of this research back in the late 1980s (SN: 2/14/87, p. 108) and reported that manufacturers were reengineering blanket wiring to reduce a sleeper’s exposures to electric and magnetic fields (SN: 8/21/93, p. 126). To date, however, data appear equivocal on whether any health risks exist.
 —J. Raloff

Grant some glory

I’m troubled by an omission in the otherwise excellent article “Old glory, new glory” (SN: 6/26/99, p. 408). It is my understanding that significant initial funding  for the project was provided by Ralph Lauren. Many scholarly or scientific endeavors require outside support. There are all manner of motives for providing such support, but recognition is a powerful one. Where credit is due, as it certainly is to Ralph Lauren here, it should be given.

Tom Fenton

New York, N.Y.

Polo Ralph Lauren Corp. contributed $10 million to the project through the Save America’s Treasures program, a partnership between the White House Millennium Council and the National Trust for Historic Preservation. The Pew Charitable Trusts pledged $5 million, and Congress appropriated $3 million. Additional funds came from the John S. and James L. Knight foundation.                                —C. Wu

Artificial explanation

“Nocturnal spider favors artificial lights” (SN: 6/26/99, p. 407) is extremely interesting, and Astrid Heiling is to be congratulated on her imaginative work. However, artificial electrical lighting is over a century old. Adding on the gaslight era pushes the era of artificial lighting to perhaps 2 centuries. That would represent at least 150 generations of spiders. Is it any wonder that natural selection has caused an adaption orienting spiders to build their orbs in artificial light? The hypothesis of the adaption being based on moonlight reflected on water seems quite weak relative to an adaptive response to human presence.

John H. Brown

Georgia Southern University

Statesboro, Ga.

“Don’t you dare”

Regarding the Neandertal spear point found in the neck of a wild ass (“Neandertal hunters get to the point,” SN: 7/3/99, p. 4), it cannot be known that this was from an attack on the animal. It could have been an already dead animal into which a Neandertal might have jabbed his spear to proclaim ownership. Or, he might have been trying to remove the head. Nonetheless, an interesting find.

Dennis D. Gaunt

University of Iowa

Iowa City, Iowa

Ancient Apes May Have Branched Out

A partial skeleton of a 15-million-year-old African ape—painstakingly excavated, prepared, and analyzed over the past 5 years—represents a new fossil genus in the primate family that includes great apes and humans, according to its discoverers. Their conclusion adds to a growing conviction among researchers that ancient apes branched out in more evolutionary directions than had previously been appreciated.

Scientists, however, express a range of opinions about how to classify the new fossil ape. The find, reported in the Aug. 27 Science, also shows no signs of cooling off scientific controversy about whether fossil apes within or outside of Africa served as ancestors for modern apes and humans (SN: 4/19/97, p. 240).

The team that unearthed the skeleton assigns it to a new genus, Equatorius. The find also leads Steve Ward of Northeastern Ohio Universities College of Medicine in Rootstown, Andrew Hill of Yale University, and their colleagues to reassign one of two Kenyapithecus species—African fossil apes that lived from around 15 million to 14 million years ago—to Equatorius.

The new specimen and previously excavated remains of Kenyapithecus africanus share facial and dental features that appear much more exaggerated in the handful of fossils assigned to the species Kenyapithecus wickeri, the researchers contend.

“We now have to figure out where Equatorius fits into subsequent ape evolution,” Ward says. “I suspect that there were separate movements of Equatorius and Kenyapithecus out of Africa.”

In 1993 and 1994, Ward and his coworkers recovered blocks of hard clay containing the partial skeleton from the Kipsaramon site in central Kenya. It took 3 years to remove the bones intact from their rigid casing, followed by more than a year of skeletal analysis.

The skeleton, from an adult male, includes a lower jaw retaining most of its teeth, two teeth from the upper jaw, and bones from the spine, chest, shoulders, arms, wrists, and fingers.

Equatorius exhibits signs of having inhabited a position at or near the evolutionary root of modern apes and humans, Ward and his colleagues hold. In their view, some of its anatomical features look like those of African apes dating to as early as 22 million years ago.

However, Equatorius also displays evidence of having frequently moved about on the ground, much like later fossil apes, Ward says.

The decision to fold K. africanus into the new genus received further confirmation, he notes, from the observation of dental similarities between K. wickeri and an unnamed fossil ape species of about the same age previously unearthed in Turkey. The nature of the link between African and Eurasian apes at that time remains poorly understood.

“The description of this new genus is long overdue,” comments Peter Andrews of the Natural History Museum in London. “Until now, Kenyapithecus has been a waste-bin [genus] into which people put all sorts of fossils.”

Equatorius may have been ancestral to later African apes, or even to all modern apes, Andrews suggests. On the other hand, K. wickeri sits on an evolutionary side branch that eventually ended in extinction, he says.

Eric Delson of Lehman College, City University of New York doubts that enough evidence exists to justify the proposed new fossil-ape genus. Kenyapithecus finds—especially those of K. wickeri—remain too scarce for the extensive comparisons needed to establish the existence of Equatorius, he asserts.

Brenda R. Benefit of Southern Illinois University in Carbondale, who with Illinois coworker Monte L. McCrossin directs ongoing Kenyan excavations of K. africanus fossils, rejects the analysis of Ward’s group. The new specimen exhibits no traits that separate it from Kenyapithecus, she argues.

In contrast to Ward’s view, recent finds of K. africanus indicate that the species bears substantial dental similarities to K. wickeri, according to Benefit.

Several partial skeletons of a 15.3-million-year-old African fossil ape were recently recovered by a Japanese team at another Kenyan site and described in July at a conference in Kyoto. Most scientists at the conference accepted the finds as a new genus distinct from Kenyapithecus, says Benefit, who attended the Kyoto meeting.

No one in Ward’s group attended the Kyoto conference, and the group hasn’t yet compared its find with the Japanese team’s.   
—B. Bower 

Jaw and tooth remains of African fossil ape proposed to embody a controversial new genus.

Turkish earthquake: A wobbly domino falls

The tremor that turned life upside down in northwest Turkey last week has helped to put an earthquake theory on more solid footing, according to seismologists who anticipated the disaster.

The magnitude 7.4 quake occurred near the western end of the North Anatolian fault, a 1,200-kilometer-long tear extending across the northern part of Turkey. Unrest along this fault stems from the slow-motion collision between Arabia and Eurasia, located on either side of Turkey. As these two giant pieces of Earth’s outer shell crash together, they force the diminutive Anatolian plate carrying Turkey out of the way. 

During quakes, the bulk of Turkey moves westward relative to land north of the fault. “It’s kind of like a watermelon seed being squeezed,” says Lynn R. Sykes of Columbia University’s Lamont-Doherty Earth Observatory in Palisades, N.Y. 

After several centuries of building pressure, the seed started slipping in 1939. In that year, an earthquake estimated at magnitude 7.9 ruptured the crust along the eastern third of the fault, killing some 30,000 people. Between 1942 and 1967, the fault generated six large shocks progressing westward toward Istanbul like a line of falling dominoes. Last week, the next patch of the fault toppled beneath the city of Izmit.

Well aware of the pattern, seismologists have long warned about the possibilities of earthquakes in this area. In recent years, scientists started exploring why this series of shocks has stepped so consistently down the fault. 

In 1997, a team of U.S. and Turkish researchers proposed that each tremor along the North Anatolian fault helps set off the next one. Scientists had developed this idea, called stress triggering, while studying progressions of California quakes. 

When the two sides of a fault jerk in opposite directions during a tremor, it relieves stress that had built up over decades or centuries. At the same time, however, it adds stress to some neighboring patches of the fault, says Ross S. Stein of the U.S. Geological Survey in Menlo Park, Calif. He and his colleagues calculated that 9 out of 10 large recorded earthquakes on the North Anatolian occurred in areas where previous shocks had increased stress. Their analysis also pinpointed the two most worrisome parts of the fault, one of which caused last week’s quake. 

Stein notes that this work did not predict the shock. The researchers gave only a 12 percent probability that the Izmit section would go by 2026. “In a sense, we said there was a 88 percent probability it would not occur,” admits Stein.

Nonetheless, the earthquake supports the hypothesis of stress triggering, says Gregory C. Beroza of Stanford University. Researchers are currently using this theory to determine how past earthquakes have raised and lowered seismic risk in different parts of California.

U.S. seismologists see parallels between the Turkish and the San Andreas faults. In both, land moves horizontally during quakes. The faults are the same length, and each splits into branches. The earthquake beneath Izmit happened on the north fork of the fault. “That behavior of the fault splitting up is much like what happens in the San Francisco Bay area of the San Andreas,” says Sykes.

The quake also offers sobering lessons about how ineffective scientists are in influencing building practices, says Nick N. Ambraseys of Imperial College in London. “From the point of view of reducing damage and cutting down the death toll, science alone can do absolutely nothing.”

Turkish building codes accounted for the seismic risk, but the government did not enforce such codes, says Ambraseys. “The important thing is complacency. It doesn’t apply only to Turkey or Japan. It also applies to California.”    —R. Monastersky

Earthquakes marched west along the North Anatolian fault this century (top). These shocks created stress, in red, in the region of last week’s quake (bottom).

Pokey pulsar mystifies astronomers

Whirling stars called pulsars are like celestial lighthouses, sending a narrow beam of energy into the galactic darkness. Astronomers have now discovered a slowly rotating pulsar that defies their basic understanding of how the stars work.

When a massive star collapses, it forms a terrifically dense, magnetized core, known as a neutron star. A neutron star whose magnetic axis tilts away from its rotational axis emits a beam of radio energy that, from Earth, appears as a pulse at each rotation, and so the body is called a pulsar.

The electromagnetic field, or magnetosphere, that envelops a young, swiftly rotating pulsar generates duos of charged particles called electron-positron pairs. These, in turn, spawn the beam of radio emissions. The faster a pulsar spins, the more particle pairs it produces, and the more powerful are its radio emissions. As the stars age, they slow down and stop producing particle pairs. Scientists have theorized that as this energy supply is exhausted, pulsars’ radio emissions cease.

Australian scientists, however, report that a radio pulsar they discovered in 1994, called PSR J2144-3933, rotates only once every 8.51 seconds. This rotation takes more than 3 seconds longer than that of any known pulsar—and is one-third as fast as the researchers had earlier believed.

Spinning this slowly, PSR J2144-3933 should have already stopped producing particle pairs, making it silent to radio telescopes. Instead, the star’s radio pulse beats loud and clear, the researchers report in the Aug. 26 Nature. “It was quite surprising and a very exciting discovery,” says study coauthor Matthew D. Young of the University of Western Australia in Nedlands.

The finding challenges long-standing assumptions about pulsars. “I think [the finding] is going to have a fairly large impact,” remarks David J. Nice of Princeton University. “Whatever is going on in the magnetosphere of the pulsar is very complicated in ways that we don’t entirely understand—we don’t know how to figure it out from our current observations.”

“It may be that the radio emission derives its energy from some other source [than the particle pairs],” Young speculates. “Or maybe that process can continue for longer than we thought, or maybe we just don’t understand the underlying physics of the neutron star itself.”

“I’m baffled at this point,” admits Alice K. Harding of NASA’s Goddard Space Flight Center in Greenbelt, Md. “I think theorists are just going to have to go back to the drawing board for a while.” 

“It doesn’t necessarily mean that you have to throw out all the old theories, but it does mean that you have to rethink the details of them,” says coauthor Richard N. Manchester of the Australia Telescope National Facility in Epping.

In an editorial accompanying the study, Alex Wolszczan of Pennsylvania State University in State College argues that “a really meaningful discussion of these and other alternatives will depend on new detection of very slow pulsars like J2144-3933.” 

That could be tricky. Although the researchers estimate that the Milky Way could contain about 100,000 similar pulsars, Young notes, “the beam from such a slow radio pulsar is very narrow, and it was purely by chance that this one happened to sweep over the Earth.” 
—S. Carpenter

Treasure hunt unearths cholesterol gene

A small land mass rising out of the Chesapeake Bay, Tangier Island served as a base for British troops during the Revolutionary War and the War of 1812. Pirates, too, found this sandy isle a safe haven.

Forty years ago, Tangier Island became home to a medical mystery as physicians puzzled over an island boy who had orange tonsils. Scientists have now solved this mystery, and in doing so, they have raised hopes of thwarting the buildup of artery-clogging cholesterol that can lead to heart disease.

The boy with oddly colored tonsils had a rare genetic disorder, now known as Tangier disease. The condition’s defining feature is a paucity of high-density lipoprotein (HDL), the so-called good cholesterol. 

Normally, each HDL particle, whose core includes several proteins and a bit of cholesterol, picks up additional cholesterol from cells and transports it to the liver for clearance. In Tangier disease, an inability to eliminate the yellow cholesterol from cells in the tonsils, due to a lack of HDL, accounts for their orange hue. The illness can have more serious consequences. The abnormal accumulation of cholesterol promotes atherosclerosis and kills nerve cells throughout the body.

People with Tangier disease—there are only few dozen known cases in the world—do form the HDL cores. Their cells, however, do not transfer cholesterol onto the cores, and their bodies rapidly destroy the immature particles.

In the August Nature Genetics, groups led by Michael R. Hayden of the University of British Columbia in Vancouver, Gerd Schmitz of the University of Regensburg in Germany, and Gerd Assmann of the WestfŠlische Wilhelms University in Munster, Germany, independently report the discovery of a gene in which mutations cause Tangier disease. The groups found that people with the condition have two flawed copies of the gene. In several families with a less-severe HDL deficiency, whose origin was believed to be distinct from Tangier disease, Hayden’s team found that affected members have a single defective copy of the gene.

The gene encodes a protein whose structure strongly hints that it transports cholesterol across cell membranes. When a mutation makes this transporter defective or prevents its production, cholesterol apparently remains inside a cell.

Scientists are now rushing to see if more-subtle alterations in the transporter gene also alter the protein’s function and predispose people to heart disease. “There are a lot of people who have low levels of HDLs and have an increased risk of coronary artery disease. Is this transporter abnormal not only in Tangier disease, but in these other patients?” asks H. Bryan Brewer Jr. of the National Heart, Lung, and Blood Institute in Bethesda, Md.

The discovery of this presumed cholesterol transporter suggests methods to prevent harmful cholesterol buildup. While there are drugs to reduce  concentrations of a person’s low-density lipoprotein, the so-called bad cholesterol, doctors have nothing with which to raise HDL concentrations.

The transporter “provides us with a unique opportunity to develop agents to help people who have early heart disease,” says Brewer. “We may be able to find drugs and other ways to regulate [the transporter] and remove excess cholesterol from the cell.”

One option is gene therapy. Margaret E. Brousseau of Tufts University in Boston says that physicians could add copies of the transporter gene to macrophages, the cholesterol-laden cells that may initiate arterial blockages.
—J. Travis

In normal cells (left), a protein removes cholesterol, placing it on HDL particles. In Tangier disease (right), this transporter fails and cholesterol builds up in cells.

Antibodies may treat overdoses, addiction

People receive routine immunizations to produce antibodies that stave off infectious diseases such as measles and the flu. Now, researchers have created a vaccine and antibodies that they expect to combat the harmful effects of addictive drugs. 

At the American Chemical Society meeting this week in New Orleans, researchers described antibodies created to block the effects of cocaine and the hallucinogen PCP, also known as angel dust. In the blood, these antibodies would “soak up [the drugs] like sponges,” says Kim D. Janda of the Scripps Research Institute in La Jolla, Calif., and prevent cocaine or PCP from reaching the brain. 

Tested only in rats so far, the new treatments are intended to treat drug overdoses and help patients overcome addiction (SN: 12/16/95, p. 406). Janda’s team plans to administer a potential vaccine to people in tests beginning in a few months.

Because it’s small, the cocaine molecule normally evades the immune system. Janda and his colleagues attached cocaine molecules to a large protein that the immune system recognizes as foreign. The researchers injected these compounds into rats, which then produced antibodies against cocaine and prevented relapses in the animal model of addiction. Next, the team will test whether proteins linked to cocaine can induce the same response in people. 

In a second approach, the researchers have harvested anticocaine antibodies from rats and then genetically engineered the antibodies to make them more tolerable for people. The team then produced large quantities of the modified antibodies in laboratory bacteria. 

Using a similar approach, S. Michael Owens of the University of Arkansas for Medical Sciences in Little Rock and his colleagues have created antibodies against PCP, a drug that produces violent, schizophrenic behavior. A single dose of the antibody reduces the psychoactive effects of PCP in rats for at least 2 weeks, equivalent to about 1 to 2 months in people, says Owens. 

Antibody therapy could help patients kick a PCP habit, says Frank Vocci of the Medications Development Division at the National Institute on Drug Abuse in Bethesda, Md. “A person who is drug dependent has a high relapse potential by taking just a small amount of drug,” he says. Antibodies that block the drug’s action could reduce this danger.

For emergency treatment of life-threatening overdoses, Owens and his group have also created antibody fragments that inactivate PCP. Unlike whole antibodies, the fragments with the bound PCP are cleared from the body within a day or two. Vocci says, “Having an antibody to pull the drug out of the tissues would be potentially beneficial.”

Vaccines and antibody therapy alone won’t cure someone of drug addiction, the researchers emphasize. Doctors would have to administer such medication as part of a behavior-modification program, says Owens. “The person makes a commitment to quit, and we give them a crutch in case they mess up,” he explains. 
—C. Wu

Breaking the code on chicken clucks

A certain “took, took, took” that male chickens make functions like the cry “Hey, buffet’s open!”—the first such call to food to be fully documented in animals, claim Australian researchers.

That assertion catapults a chicken cluck into the domain of animal sounds arguably at the fringe of language. The researchers, Chris Evans and Linda Evans of Macquarie University in Sydney, aren’t going so far as to say that chickens have a fully developed language. Yet the clucks “do have many languagelike properties,” Chris Evans says.

The property they discuss in the August Animal Behaviour is called functional reference. It’s what allows one person to say “chicken” and evoke an image of a feathered barnyard creature in the mind of the hearer. The notion may sound simple, but demonstrating that an animal does it has been anything but. Some people inclined to accept the chicken evidence are likely to debate whether clucks are the first animal calls shown to function as references to food.

Not a decade ago, Chris Evans notes, several theorists declared that there was no convincing evidence for functionally referential food calls. However, data have been building for other kinds of referential calls, mostly alarms, in primates and chickens (SN: 9/12/98, p. 174).

Just in case anyone’s inclined to snicker at chicken science, Chris Evans points out that these wonderful creatures make some 20 distinct sounds, can recognize each other, learn from their mothers, and perform “spectacular” displays such as a courtship waltz.

Earlier chicken studies proved part of the case for referential food calls. They showed that males make the “took” sound specifically around food. Males give the call when alone with food but “took” more when a hen appears near the feast. She typically struts over to feed, often picking a tidbit from his beak.

To study the hen’s reaction, Chris Evans and Linda Evans played recorded calls while videotaping 22 Sebright bantams. When the hens heard the “took,” they spent extra time peering at the ground, a behavior unique to feeding. Chris Evans says, “It’s like a myopic person who’s lost a contact lens.”

The chickens, however, did not search when they heard a similar “took, took” with a lower pitch or listened to a singing whistle that mates often make in turn. Comparing the reactions convinced Chris Evans and Linda Evans that “took” does not just jolt the hens into extra activity or invite social contact.

The work also persuaded Marc D. Hauser of Harvard University that “took, took, took” functions as a reference to food. What he predicts will be especially controversial is the report’s remarks about other animals. His own playback experiments with rhesus monkeys turned up signs of referential food calls, he says.

Hauser also cites reports that a specific call often sends toque macaques running to feed while giving the same call. “This seems to me at least as strong a response as the chicken’s head orientation,” he says.

Chris Evans notes that the whole debate jangles human nerves because of its implications for “the nature and extent of human uniqueness.” In some ways, the discussion is “a narcissistic enterprise,” he says. 
—S. Milius

A hen hears a recorded call and peers down as if hunting for food.

Drastic measures combat heart attack shock

Heart attack victims who survive the initial hit and land in a hospital might think that they are out of danger. During the first hours in intensive care, however, roughly 1 in 10 goes into cardiogenic shock, in which the body grows listless and the heart struggles to pump adequate blood to vital organs. This condition is fatal 80 percent of the time.

Physicians usually treat cardiogenic shock with massive doses of drugs designed to stabilize the patient and restore blood flow to the heart muscle. Less often, doctors use angioplasty—in which they open a coronary blockage by threading a balloon-tipped cable through an artery—or bypass surgery, which routes blood around the stoppage.

For heart attack patients under age 75, these invasive measures may save more lives than medicine alone, a new study shows. 

Between 1993 and 1998, researchers tracked the progress of such patients with cardiogenic shock who were assigned to get only medication or both surgical treatment and drugs. Of 118 patients on medicine alone, 57 percent died within a month of their heart attack, while only 41 percent of 128 people treated promptly with both drugs and either angioplasty or bypass surgery died in that time, according to a study in the Aug. 26 New England Journal of Medicine. 

During the 6 months after a heart attack, 65 percent of patients who had gotten only the drugs died, as did 45 percent of those who received medicine with emergency angioplasty or surgery.

The survival numbers don’t match the typical 80 percent mortality rate for cardiogenic shock because by the time patients could be enrolled in the study, they had already survived the critical first hour or two of shock, says coauthor Judith S. Hochman, a cardiologist at St. Luke’s-Roosevelt Hospital Center and Columbia University, both in New York.

Indeed, an earlier study showed that roughly 40 percent of patients with cardiogenic shock die within the first hour of its onset. This fragility has left doctors loath to attempt invasive procedures early in such shock, says Eric R. Bates, a cardiologist at the University of Michigan in Ann Arbor. Nationwide, only about 13 percent of heart attack patients receive prompt angioplasty in response to cardiogenic shock, and even fewer get bypass surgery, Hochman says. 

Some doctors may not have the expertise to perform these procedures, Bates says. “The other concern is that the patient has a high risk of dying whatever you do. There’s a hesitation to attempt to do these procedures . . . in an era of scorecard medicine when mortality rates [for doctors] are published,” he says.

Angioplasty and bypass surgery carry risk, says Hochman. “The surgeon will lose a lot of patients, but if you look at the long-term survival, it’s [risk] worth taking.”

“This is the largest randomized trial ever done in cardiogenic shock patients,” says cardiologist Eric J. Topol of the Cleveland Clinic Foundation. “This group [of researchers] deserves a lot of credit.” While the findings aren’t as clear-cut as some researchers had hoped to see, he says, the data do indicate that “the more aggressive approach is providing some benefit.”

Most small hospitals can’t provide bypass surgery or even angioplasty. Nonetheless, Hochman believes the new data may lead more physicians to consider these measures, “even if it means that the transfer of an unstable patient is required to another facility.” 

The study also included 56 patients age 75 or older. In contrast to the younger group, these patients generally fared worse if they received angioplasty or surgery. “Older patients have [suffered] more wear and tear,” Bates says, adding that as with any stress, a younger person is better able to tolerate the invasive procedures. 
—N. Seppa

Acclimating to a Warmer World

With some climate change unavoidable, researchers focus on adaptation

By RICHARD MONASTERSKY

Next January, shortly after the Y2K bug comes out of hibernation for its New Year’s feast, a group of U.S. researchers will report to Congress and the President on an even less tractable problem: the issue of global climate change. The study will offer up now familiar charts of rising temperatures, swelling seas, and strengthening storms, but it will also present an expansive new strategy for dealing with the threat of greenhouse warming. 

For more than a decade, climate scientists have been following essentially one route by investigating the need to limit emissions of carbon dioxide and other heat-trapping gases. Their work on mitigation strategies helped forge the 1997 Kyoto Protocol, an international treaty that would force industrialized countries to cut emissions by 5.2 percent over the next 10 years or so (SN: 12/20&27/97, p. 388). The agreement, however, has garnered little support in Congress, which objects to a treaty that doesn’t include limits for developing nations as well.

Amid this political thicket, scientists in the United States and around the world are now taking a different course—recommending that society find ways to adapt to a warmer world. The approach doesn’t represent a reversal so much as a broadening of paths. While reducing emissions is a necessary step, researchers say, the Kyoto accord cannot succeed on its own or reap immediate results. In fact, adapting to warmth may even allow some industries to benefit from novel economic opportunities. 

“No matter what happens with these international agreements, we are experiencing climate change now, and we will be experiencing it for many decades,” says Michael C. MacCracken, who is helping coordinate the U.S. study, which goes by the unwieldy title of the U.S. National Assessment of the Potential Consequences of Climate Variability and Change for the Nation. 

“We really need to focus on adapting and coping with a changing situation,” says MacCracken. “Mitigation is aimed at trying to slow or stop climate change out several decades to centuries from now, and that’s a very important issue. But in the meantime, society is making a lot of choices that will determine how we are going to be affected by changing climate in the future.”

The fatalism now creeping into climate studies grows in part from a simple and disturbing realization.

“It’s only when you start to calculate through the numbers that have been proposed for emissions reduction in the Kyoto agreement that you realize it’s barely scratching the surface of the problem,” says Martin Parry of the University of East Anglia in England. “So, even if you get full implementation now of the Kyoto proposals, you can see from those numbers the relatively small amount by which climate change is drawn down,” says Parry, who studies how climate shifts will affect global food supplies.

Computer models, for example, project that with no emissions limits, global temperatures will climb 2.5°F by the year 2050. The Kyoto Protocol would shave only 0.1°F off that amount of warming, according to Parry and his colleagues, who discussed these results in the Oct. 22, 1998 Nature.

Moreover, the protocol wouldn’t seriously ameliorate the suffering due to climate change, they say. According to their calculations, the Kyoto agreement would leave unchanged the population threatened by water shortages in the middle of the next century and would reduce by only 4 percent the number of people facing an added risk of coastal flooding from rising seas.

Water shortages aren’t inevitable, however. Countries can significantly reduce their vulnerability by taking steps aimed at adaptation, contend Parry and his coworkers. If conservation efforts could squeeze a 5 percent reduction in global water consumption, 600 million people would drop from the list of those potentially at risk of water shortages. 

While adaptation can have dramatic benefits, scientists have been reluctant to explore this route in the past, says Parry. “If we start thinking about adaptation, there is a tacit admission that climate change cannot fully be mitigated out of the system. In other words, that’s sort of an admission of failure, if you like.”

At the same time, he says, the complexity of studying adaptation daunted researchers initially. Mitigation, although hard to accomplish, actually poses a much simpler scientific problem than trying to assess how various regions and sectors of society might adapt to global warming. 

Climate researchers worldwide are now plunging into the more difficult task as part of an upcoming study by the Intergovernmental Panel on Climate Change (IPCC). The United Nations body that does scientific analyses for international negotiators, the IPCC is currently drafting its third assessment, a decade after the first one captured worldwide attention.

In 1995, the panel produced an 878-page volume subtitled “Impacts, Adaptations, and Mitigation of Climate Change.” At the time, however, the topic of mitigation dominated over adaptation. “Although the word adaptation appears in the title of the report, it was barely evident,” says James McCarthy of Harvard University, one of the editors of the upcoming assessment. “It will be a much more serious focus this time around,” he told an audience in June at a meeting of the American Geophysical Union in Boston. 

The IPCC will look at two kinds of adaptations, says geographer Barry Smit of the University of Guelph in Ontario, who is editing a chapter on this topic. It will be critical, he says, to assess how much natural ecosystems can adapt to climate change, as well as to estimate how society may cope. “Getting a handle on the sorts of adaptations that we can reasonably expect to occur is fundamental to any reasonable estimation of the implications—costs and opportunities—of climate change. The research community has gradually recognized this,” says Smit.

The weather that scorched much of the United States in July underscored this new research focus by showing just how ill-prepared the nation is to deal with current conditions, let alone those to come. 

Across the eastern half of the country, dozens of elderly and low-income people baked to death in shuttered homes. In New York City, overheated wires and an unprecedented demand for air conditioning strained the electric-power grid, blacking out parts of Manhattan. Several eastern states have suffered their worst drought on record as unrelenting sun withered crops and drained reservoirs. 

If climate scientists are correct, the weather served up this summer is just an appetizer. In the New York City region, for example, the average temperatures may climb 3°F to 4.5°F by the year 2050, according to computer climate simulations. At the same time, the number of days each year exceeding 90°F would grow from the current average of 13 to somewhere between 31 and 37. These data come from the New York component of the national assessment. 

Such numbers are not meant to be exact predictions but rather scenarios to help people think about climate change, says the leader of the New York study, Cynthia Rosenzweig of Columbia University and NASA’s Goddard Institute for Space Studies in New York City. 

The New York study, which will come out as a separate report next year, seeks to analyze just how these changes will affect the 19.6 million people living in the city’s greater metropolitan region. To make such a broad assessment, Rosenzweig and her colleagues have brought in local experts who must deal with whatever changes occur. The list includes representatives of utility companies, municipal governments, federal agencies, business people, and community organizations.

As part of the national assessment, similar campaigns involving thousands of people are going on in 14 other regions around the country. In all these studies, the researchers must first map out the range of problems currently plaguing each area. Then, they can ask how climate change will alter the picture. 

Global warming will in many cases pile more stress onto already overloaded sectors of society. The transit and sewer systems in New York City, for example, occasionally flood even in current weather conditions, says Rae Zimmerman, professor of planning and public administration at New York University. 

“There is a problem with flooding right now,” she says. “As climate change becomes more severe, these frequencies are going to be greater.” 

The sewer system in New York City channels storm runoff into surrounding waterways, but these outlets close automatically during high tides to prevent salt water from backing up into the system. Sea levels are currently inching upward, however, because increasing global warmth is causing ocean water to expand and is melting many glaciers. 

In the next century, the rising water will eventually submerge and close the drainage system even at low tide, causing flooding in the streets during storms. Raising the system, says Zimmerman, “would involve massive construction and huge costs.”

During December 1992, a strong nor’easter storm caused extensive flooding in the subway, an underground commuter-train system, airports, and highways around the city, says Janine Bloomfield, an ecologist with the Environmental Defense Fund in New York City. Throughout its history, the city has suffered this degree of inundation about once every 40 to 50 years.

With higher sea levels, however, smaller storms should spur similar amounts of flooding. Projections suggest that the type of inundation seen in 1992 could happen every 13 years by 2100. In the most worrisome projections from a set of four climate simulations, such events would recur every year, according to a report issued by Bloomfield and her colleagues in June. In that study, the Environmental Defense Fund borrowed climate scenarios from Rosenzweig and the ongoing New York assessment.

Rosenzweig says the New York study will help in planning for the future. The city’s water supply, for instance, comes mostly from upstate river systems, but it draws from the Hudson in cases of drought. As salt water from rising seas moves farther up the Hudson, it will reach the site of the current pumping station, forcing managers to move the intake, she says.

Part of the success of the study, she says, will come from bringing together climate experts and a diverse set of so-called stakeholders, people who will be affected by coming changes. “The institutional constraints to adaptation are so complicated. By working this through, we’ll be improving the potential for adaptation,” she says.

In some cases, the researchers envision windfalls from future weather. “It’s very easy to fall into the assumption that it’s all going to be negative,” says William Solecki, a coleader of the New York study and a researcher at Montclair State University in New Jersey. “We’re trying to also look at what might be opportunities. With more moderate winter temperatures, maybe retirement communities might be more willing to locate to the region rather than going further south.”

A  world away from Manhattan, residents of the Great Plains are also straining to see what lies decades ahead. To do that, researchers have looked back to see what kinds of climate shifts have happened before. 

“One of the things that seems to be emerging in our analysis is that various management systems have evolved in the last 30 years, when temperature and precipitation have been more stable,” says Dennis Ojima, an ecosystem scientist at Colorado State University in Fort Collins who heads the central Great Plains assessment. This region typically experiences much larger climate shifts than occurred over the past 3 decades, he says, and projections suggest that the swings will intensify with climate warming. 

“We have to be more agile and flexible in dealing with that year-to-year variability in climate,” says Ojima.

The agricultural industry, he says, can respond by maintaining a diverse selection of crop varieties and breeds of livestock. Water managers have suggested storing water in underground aquifers, instead of in open reservoirs that lose much of their moisture to evaporation.

While the assessment process has helped identify opportunities for adaptation, says Ojima, it has also served as a way to bridge the gap between climate researchers and the public. “As a researcher, I’ve learned a lot in discussions with people in terms of understanding what information is most useful to them.” Equally important, he has dispelled many myths about climate change and has started getting more people to consider the potential impacts of global warming on their lives.

Indeed, many scientists involved in making the national assessment view the process as just as important as the reports they will eventually produce. “One of my personal hopes for the legacies of the assessment activity is that we’ll have built some networks of people who can think about these issues,” says one of the study’s coleaders, Jerry Melillo of the Marine Biological Laboratory in Woods Hole, Mass.

This arrangement leads to a more comprehensive approach that links climate threats together with all the other civic and resource problems affecting each region. Only by considering these together, say the scientists, can society hope to cope with some of the inevitable challenges just over the horizon. 
n

In November 1950, a storm sent sea water flooding over dikes at La Guardia Airport in New York City.

Reaping the benefits of adaptation: Despite this year’s drought, some corn in this Maryland field remains healthy. Tall stalks in the background are protected by an organic mulch that retains soil moisture. Stunted corn in the foreground was planted in bare soil. 

Future floods will strike areas marked in blue, which is land within 10 feet of sea-level in the metropolitan New York City area. Historically, these spots have flooded about once a century. By 2100, water could inundate them every year, according to the worst-case climate models.

What degree of warming? Scientists used two computer models to estimate the temperature rise in New York City by 2050. Red and aqua bars indicate numbers from a Canadian model, blue and green come from a British model. The aqua and green bars depict less warming because they include the cooling effect of sulfur pollution. Tan bars represent what would happen if historical temperature trends continued.

Archaeology

Hey, Pharaoh, make way for the mayor

Pharaohs reigned supreme in ancient Egypt, but the job lacked staying power. Today, how many gold-bedecked pharaohs rule mighty kingdoms and commune with the gods from cloistered palaces? Besides Bill Gates, that is. 

On the other hand, some government bureaucrats—who today seem to outnumber grains of sand in the Sahara Desert—achieved surprising prominence alongside Egypt’s pharaohs. Witness the remains of a mayoral mansion in an ongoing excavation of a 3,700-year-old Egyptian town near the city of Abydos. The imposing structure included a living area for the mayor and his family, a grain-storage facility, and office space for sundry papyrus-pushers and policy makers.

Previously, archaeologists working at Egyptian sites unearthed several large houses that belonged to people with no claims to royalty. Until now, however, no such structure has been definitively identified as belonging to the mayor of a town or city, says archaeologist Josef Wegner of the University of Pennsylvania in Philadelphia, director of the Abydos dig.

“From the evidence thus far, it appears that the mayor [of this ancient town] enjoyed both significant affluence and privileged political power,” Wegner says. 

His team found the ancient site in 1994. It was occupied during Dynastic Egypt’s Middle Kingdom, from about 1850 B.C. to 1700 B.C. Archaeologists have excavated only a few towns like it.

A mortuary temple for King Senwosret III, who died in 1841 B.C., was the centerpiece of the settlement at Abydos. The town also served as a cult center of Osiris, god of the netherworld.

Over the past three field seasons, the team has unearthed about half of the mayor’s house, which lies next to Senwosret’s temple. Seal impressions on clay fragments from behind the mansion name at least four mayors who held office over a period of around 150 years.

The huge brick and plaster house matches the size of pharaohs’ palaces at that time. It opens into a columned hall that spans the structure’s width. A central block of rooms and courtyards includes the mayor’s residential area. Household artifacts, such as jewelry and cosmetics, point to an affluent lifestyle. Toys, games, and other relics of family life have also turned up.

A granary takes up the structure’s back section. This facility may have put the mayor in control of a vital food source for the town of about 1,000 people, Wegner estimates.

Thousands of seal impressions on clay fragments found in working areas of the building reflect intense official activity, Wegner says. Many of these impressions identify a Middle Kingdom princess who may have been married to a mayor, he suggests.

Either the reigning pharaoh appointed him or the mayor inherited the job from his father. Mayors supervised both religious and economic activities. The Middle Kingdom bureaucracy in which these officials operated may have wielded more power than the pharaohs did, although this possibility remains controversial, Wegner says.                               —B.B.

Mayoral mansion emerges at ancient Egyptian site.

Inscribed limestone fragment, found by researchers last summer, identifies the town’s first mayor.

Biology

Feeding hormone finds its partner

Investigators have identified the protein on brain cells that reacts to a hormone known to stimulate eating. Preventing this protein’s action may offer new ways to counter obesity, and artificially stimulating it may provide treatments for eating disorders.

Brain cells sport a wide variety of receptors, surface proteins that respond to chemicals in the broth outside cells. Other surface proteins, dubbed orphan receptors, resemble receptors in shape, but scientists haven’t identified chemicals that influence them.

In the July 15 Nature, two research groups report that melanin-concentrating hormone (MCH), a brain chemical that regulates feeding, activates one such orphan receptor. Both groups, one from the University of California, Irvine and one from SmithKline Beecham Pharmaceuticals in Harlow, England, used the orphan receptor as a fishing lure, screening  a mix of brain chemicals to see whether any would be snagged by the protein. 

MCH was the catch of the day. “This hormone, which has been shown to regulate how much and how often an animal eats, can work only by binding to this receptor,” says Olivier Civelli, who led the Irvine group. 
—J.T.

Estrogen may ward off cataracts

Forget about carrots. Estrogen replacement therapy may help preserve a woman’s eyesight as she ages, say scientists who have found that the hormone prevents cataracts in rats.

In more than three-quarters of people 75 years or older, the lens of each eye slowly becomes opaque, often leading to full-blown cataracts and blindness. Beginning at menopause, women face a higher risk of the eye disorder than similarly aged men do, suggesting a role for estrogen. Several studies of people have, indeed, hinted that estrogen replacement therapy reduces a woman’s risk of cataracts. Yet scientists have obtained inconsistent results when trying to determine whether estrogen protects against cataracts in animals.

In the Aug. 3 Proceedings of the National Academy of Sciences, Robert M. Bigsby of the Indiana University School of Medicine in Indianapolis and his colleagues describe a protective effect of estrogen replacement in female rats that have had their ovaries removed. Without the hormonal treatment, 14 out of 19 rats given a cataract-inducing chemical developed the eye disorder. In contrast, among 27 rats receiving either of two versions of estrogen, only 7 developed cataracts. Bigsby and his colleagues aren’t yet sure how the hormone exerts its effect, but they note that cells in rat lenses have receptors that bind estrogen. 
—J.T.

Add three genes, get one cancer cell

What makes a human cell become cancerous? The interplay of three genes can do the trick, report researchers who investigated how many genetic changes it takes to create a human tumor.

Scientists can transform mouse cells into tumor cells by adding just two oncogenes, which are genes that promote cancer by spurring cell proliferation. Yet human cells have proven resistant to such a simple transformation. Radiation, chemical mutagens, and viruses can induce human cells to create tumors, but all three cause so many changes in the cells that it’s difficult to discern which are essential. 

In the July 29 Nature, Robert A. Weinberg of the Whitehead Institute for Biomedical Research in Cambridge, Mass., and his team report that two oncogenes combined with an active copy of another gene trigger cancer in several kinds of human cells. 

The third gene encodes a key part of an enzyme called telomerase. The enzyme is usually available in mouse cells but not in most human cells, which may explain the need for the extra gene in the latter. By extending the ends of chromosomes, which would otherwise shrink every time a cell divides, telomerase seems to help cells proliferate indefinitely. 
—J.T.

Paleobiology

Earliest evidence of complex life

Most rocks from the first half of Earth’s history—the Archean eon—are so aged that they have grown geologically senile. That is, they have lost their molecular memories storing information about what was alive on the ancient planet. Researchers in Australia, however, have now found stones with uncanny recall that fill in critical details about early evolution. 

The buried shale deposit from northwest Australia reveals that complex cells called eukaryotes existed at least 2.7 billion years ago, pushing back the earliest record of these organisms by about a billion years, report Jochen J. Brocks of the University of Sydney and his colleagues. They describe their find in the Aug. 13 Science.

The earliest life on the planet, which appeared at least 3.5 billion years ago, consisted of prokaryotes, such as bacteria. These one-celled organisms lack a nucleus, a cellular skeleton, and many evolved features. Such adaptations all appeared later within eukaryotes—the group including animals, plants, fungi, algae, and such unicellular creatures as amoebas.

The Archean shales that Brocks and his colleagues examined had endured too much heat and pressure to preserve any fossilized cells, but they did contain biochemical remnants of eukaryotes. Researchers call these molecular fossils. 

“It was known that these shales were well preserved, but it was completely unexpected to find molecular fossils,” says Brocks.

The researchers detected compounds called steranes, derivatives of molecules similar to cholesterol that provide telltale evidence of eukaryotic cells. In the past, searches for such molecules have been hampered by contamination from much younger cells.

In the same issue of Science, Andrew H. Knoll of Harvard University says, “Brocks and colleagues painstakingly executed laboratory procedures designed to eliminate the possibility that younger biomarkers migrated into their Archean rocks.” 

The new evidence suggests that eukaryotes appeared by the late Archean, but it doesn’t tell what those organisms were or whether they had nuclei, says Brocks. Last week, he started testing 3.2-billion-year-old rocks for signs of steranes.

If eukaryotes appeared so early, they spent more than a billion years biding their time. They didn’t start to diversify until between 1.2 billion and 1.0 billion years ago. Some researchers explain the delay by contending that eukaryotic evolution took off only after the advent of sexual reproduction. Others argue that these organisms required a surge in the oxygen content of the oceans. 

A wrinkle in the oxygen story comes from other hydrocarbon molecules discovered by Brocks’ group in the Archean shales. These biomarkers provide evidence of cyanobacteria, the group of photosynthetic bacteria that produce oxygen. Though these organisms were churning out oxygen during the Archean, the marine abundance of this gas didn’t start to rise until 2.2 billion years ago and may have increased in stages over the next 1.5 billion years, says D.E. Canfield of Odense University in Denmark, commenting on a related study in the Aug. 5 Nature. 
—R.M.

Cancer in the Jurassic ward 

A beautiful dinosaur bone found in western Colorado shows evidence of malignant cancer, the oldest record of this disease, report researchers in the July 31 Lancet.

The bone fragment, filled with colorful agate, has a hole in its internal scaffolding, and in places its outer layer has been eroded almost all the way through. The pathology closely resembles that of metastatic bone tumors in humans, says Bruce M. Rothschild of the Arthritis Center of Northeast Ohio in Youngstown. He previously found benign tumors in dinosaurs and contemporary animals.

“Cancer is an old disease, and knowing how old is useful for looking at when in evolution the propensity toward cancer developed,” he says. 
—R.M.

Technology 

New battery feeds electron-hungry iron 

Some salts contain iron atoms that are starved for electrons. In so-called iron (VI) compounds, the iron atoms are missing six electrons rather than the usual two or three. Now, chemists at the Technion-Israel Institute of Technology in Haifa have developed a type of battery whose electron-absorbing positive terminal, or cathode, is made from such salts. These “super-iron” batteries can store in excess of 50 percent more energy than conventional alkaline batteries of the same size, report Stuart Licht and his colleagues in the Aug. 13 Science.

Moreover, “there is a lot of promise to making the unusual super-iron materials used in the new battery very cost effectively,” Licht says. The researchers have patented the technology.

Manganese dioxide molecules in conventional battery cathodes can only accept one electron apiece, whereas each iron (VI) atom in the salts can absorb three electrons.

Although scientists knew for more than a century that iron (VI) compounds have the potential to make good electron sponges, they considered the compounds too unstable to be of practical use. The Israeli researchers say they have solved that problem by eliminating nickel and cobalt impurities that were causing the salts’ rapid breakdown. 
—P.W.

Targeting yammering jackhammering

A muted, concrete-busting gas gun on wheels might one day banish chattering jackhammers from streets and highways. Projectiles fired straight down by the silencer-equipped gun can fracture concrete roadways efficiently and relatively quietly, says Robert E. Hall of Brookhaven National Laboratory in Upton, N.Y.

Hall leads a group that has built a 4.5-meter-long experimental model that can break up 8-inch-thick reinforced concrete. In late September, the group expects to start building a smaller but equally effective version intended for commercialization. 

The inventors envision that construction crews would use remote control to roll the pavement-busting machine, which they call RAPTOR, down a street. As it wheels along, the machine would fire at intervals of 30 seconds to a minute. It would shoot steel nails deep into the road, creating cracks running the 8 to 10 inches from nail hole to nail hole.

In about half the time that is required by a jackhammer, “you can cut a line or a circle or a square. It depends what you want,” Hall says.

Baffles will keep gun noise below 80 decibels, Hall says. That’s about the loudness of a doorbell. Jackhammer blasts are up to 10,000 times as loud and are augmented by air compressor noise. Quiet, bottled gases provide the pressure for the nail shooter.

Hall says that utility companies backing the research hope that eliminating jack hammers will cut the rate of worker injuries and reduce construction noise enough to lift some municipal restrictions on the hours when work can take place.   —P.W.

An unusual iron compound gives this super-iron battery greater energy capacity than an alkaline battery.

Illustration shows commercial version of quiet pavement breaker standing about 1.5 meters tall. 

Mind over Matter

Brain-driven prostheses move from science fiction to science

By DAMARIS CHRISTENSEN

Blinking is neither the fastest nor the most accurate way to communicate. It was, however, the only way left for Jean-Dominique Bauby, editor-in-chief of France’s Elle magazine. He suffered a stroke in 1995 that left him almost totally paralyzed, yet he was determined to write a book. Bauby dictated his story by having a colleague recite the alphabet to him and then blinking his left eyelid to select each letter of each sentence.

“Something like a giant invisible diving bell holds my whole body prisoner,” he wrote in The Diving Bell and the Butterfly (Knopf), published just before he died in 1997. In the book, he recorded the difficulties of communicating with his friends, family, and doctors. 

As many as a million people in the United States are locked inside their bodies the way Bauby was. They retain full control of their minds but can’t breathe, eat, or move on their own because of injury or disease. Several researchers are looking for ways for these so-called locked-in patients to communicate.

The use of technology to overcome disabilities spans human history, ranging from simple crutches to modern prosthetic arms and hands that can move and grip with remarkable precision. However, these external devices only go so far. For years, science fiction writers and some scientists have dreamed of compensating for damage by connecting a person’s brain directly to a prosthetic device or a computer running one. Bauby’s task would have been easier if such a brain-to-computer link had been available to him.

Despite the appeal of such connections, hooking into the brain is no easy task. Even the simplest of everyday movements requires complex computations. The brain is constantly making calculations and sending out signals to hundreds of muscles in healthy arms, hands, legs, and feet.

Researchers have long thought that it should be possible to tap into the electric signals produced by nerve cells, or neurons, and use them to control the shifting path of a cursor on a computer screen, the movement of a wheelchair, or the grasp of a robotic arm. The problem is that no one yet fully understands the complex electrical signals the brain sends, says Eberhard E. Fetz of the University of Washington School of Medicine in Seattle. In addition, neural signals have turned out to be far from easy to intercept.

The advances in miniaturization that have made laptop computers commonplace, however, have also allowed scientists to eavesdrop more accurately on the brain. While complex brain-to-computer interfaces still lie many years in the future, a few recent studies have made direct neural control of computers or prosthetic devices appear more promising. 

Two groups have worked with locked-in patients, helping a few to communicate with the world by moving a cursor on a computer screen. Another group has trained rats to move a lever not by using their muscles but by producing certain kinds of nerve signals in their brains.

“Extracting signals directly from the brain to directly control robotic devices has been a science fiction theme that seems destined to become fact,” Fetz says.

One approach to robotic control is to tap into electrical noise generated by the brain’s normal activity. Electrodes on the scalp can measure the tiny amounts of current generated by nerve cells in the brain as they fire. People can use biofeedback techniques to learn to control the patterns of these electroencephalograms, or EEGs. Because it does not require surgery, this approach is considered safe. Learning to control the patterns is time-consuming, however. Moreover, some researchers say that EEGs may not contain enough information to  enable patients to quickly and gracefully manipulate an object in several dimensions. 

A German team reported in the March 25 Nature that two locked-in patients have learned to operate a spelling device by controlling their EEG brain responses. Both patients suffer from advanced amyotrophic lateral sclerosis, or ALS, and can’t breathe or eat on their own. 

The German device flashes half of the alphabet up on each side of a computer screen. The ALS sufferer selects one half or the other by controlling his or her EEG signals. The patient thus repeatedly divides the alphabet until a single letter is chosen. 

Writing in this way is not much faster than Bauby’s painstaking technique—a person can select about two letters each minute—but the system is accurate and allows these people to communicate on their own, says research leader Niels Birbaumer of the University of TŸebingen in Germany. “Even a slow spelling device is helpful,” he says.

In similar work, Jonathan R. Wolpaw at the State University of New York at Albany has shown that normal and paralyzed volunteers can use other types of EEGs to control a cursor on a computer. 

In another approach, scientists implant electrodes directly into a person’s brain to detect signals from neurons in the area that once controlled an arm. A research team based at Emory University in Atlanta has inserted tiny electrodes, each surrounded by a glass cone, into the brains of three locked-in patients. The cones contain proteins that encourage nerve cells to grow near the electrode. Bursts of activity detected by the electrodes can drive a cursor across a computer screen. Each electrode may measure the activity of a few nerve cells. So far, the researchers have implanted just one or two electrodes into each patient. 

One patient learned to control a cursor but died of ALS just 2 months after Bakay implanted the electrodes. 

Another patient, named J.R., uses the cursor to select different icons on a screen. Each conveys a different message—for example, that he’s thirsty. The researchers have also copied a computer keyboard onto the screen so can slowly type out messages. 

The technology has its limits. Currently, J.R. can control the cursor for just under an hour each day. It’s hard for him to maintain the focus required to move the cursor, and he is very sick and tires easily, says Roy A.E. Bakay of Emory.

“This is a lot of work for him, but this is one of the few ways he can get messages out,” he says. 

A small but promising study in rats uses tiny electrode arrays—each electrode in contact with a different neuron. The results suggest that animals can directly control a robotic device with their brain activity. Researchers in Philadelphia and Durham, N.C., implanted the arrays in the motor cortexes of half a dozen rats. This is the area of the brain involved in movement. 

The researchers measured the brain activity of the normal, healthy rats as they learned to push a lever attached to a robotic arm. If the animals pushed the lever hard enough, the robotic arm carried water to a place where the animal could drink. 

The researchers then fed the rats’ brain signals to a computer, which identified a burst of electrical activity released just before an animal pushed the lever. Each rat produced similar but not identical signals. The researchers then devised a program to move the robotic arm as soon as a rat’s brain made these electrical signals. Some rats learned over time that they didn’t actually have to push the lever to get the robotic arm to move, says research leader John K. Chapin of the MCP Hahnemann School of Medicine in Philadelphia.

“Previously, researchers have focused on single neurons in the motor systems. We took a broader look,” he says. They found that a larger sample of the many neurons involved in movement eased the task of finding reliable, detectable signals to trigger a prosthetic device. 

Although many technical hurdles remain, Chapin says, “we believe we have all the key elements to be able to make this technology one that could, in the not-so-distant future, make a substantial difference in the lives of people who are limited in their physical abilities but not their neurologic capabilities.”

This is the first study showing that simultaneous recordings from a number of neurons can immediately trigger movement of an external device, Fetz says. “It’s surprising that [in rats] neural activity could be dissociated from movement,” he says.

Because of their safety, devices that externally measure EEGs may initially be more widely used than electrodes implanted in the brain, says William J. Heetderks of the National Institute of Neurological Disorders and Stroke in Bethesda, Md. Despite Bakay’s success, widespread use of implanted electrodes in humans is probably at least a decade away, Heetderks says.

There is a large leap from showing that rats can move a robotic arm back and forth to demonstrating that humans can continuously operate a prosthetic device to mimic a human arm, or even can move a wheelchair, Fetz says. 

The tiny electrodes used by Bakay and Chapin stem from a quiet revolution in miniaturization of bioelectronic components. “We don’t yet know what the limitations of this new, emergent technology are” says Richard A. Normann of the University of Utah in Salt Lake City. 

“Chapin’s work is not enough to prove that arrays of electrodes implanted in the brain can control a robotic arm in a graded, proportional fashion,” he says. “One of the remarkable things about humans and animals is that they can move so gracefully, and we should strive for that.”

Bakay and his colleagues say that their lab’s electrodes are sensitive enough to measure subtle differences in the rate at which nerve cells fire. If so, the devices might work as dimmers rather than simple on-off switches. Such proportioned control is critical if paralyzed patients are to accurately tilt a hospital bed, run a wheelchair, or move a prosthetic arm, he says. 

“Right now, you can walk your way through the world without thinking consciously about what you are doing,” says Normann. “It would be nice for a completely paralyzed person to likewise have multiple degrees of control over their movement—for example, to be able to make a wheelchair go faster and turn left all at the same time.”

Many challenges lie ahead. For humans to be able to produce complex external movements, researchers will have to establish links with many more neurons than they have in the experiments so far. That task will require smaller, longer-lasting electrodes, and surgeons will have to place the devices more precisely. To register brain signals over a long period, electrodes must not move, cause scarring, or repel growing nerve cells, says Heetderks.

Researchers may have to look beyond the primary motor cortex to measure enough neurons to control complex movement, notes Chapin.

One possible problem with using signals from the primary motor cortex emerges from some studies showing that the brain reconfigures itself once sensory input has changed, says Miguel A.L. Nicolelis of Duke University Medical Center in Durham, who worked with Chapin. After an injury, areas of the brain that used to control the limb that became paralyzed may degenerate or rewire themselves to control other parts of the body. Such rewiring might mean that the implanted electrodes are not measuring electrical activity from neurons that would be involved with movement of the limb. The changes may make it less likely that patients can operate a prosthetic device by simply thinking about moving a missing or paralyzed limb.

Nicolelis hopes to address the possible rewiring of the brain as part of his current study of owl monkeys. Because monkeys have bigger brains than rats, however, it may be harder to identify neurons involved in a particular kind of movement, he says.

Richard A. Andersen of the California Institute of Technology in Pasadena has a possible solution to the motor cortex’s degeneration or rewiring. In new experiments, he plans to target a different area of the brain called the posterior parietal cortex. This part of the brain seems to be responsible for taking in sensory information and for planning movements, he says. 

Andersen and his colleagues have implanted in monkeys electrodes similar to those used by Chapin’s group. They hope to train the monkeys to move images of prosthetic arms on a computer screen. From there, it’s just a small step to actual movement of a robotic prosthetic device, says Andersen.

“The eventual hope is to use these technologies to assist patients who are paralyzed, but the long-term safety and reliability of the devices must be proven first,” Heetderks says. “When you get up in the morning, you expect your arm to work the same way it did yesterday.”

Another issue for researchers is portability of any EEG or neuron-monitoring devices. All strategies for monitoring brain activity, so far, require tethering patients to equipment. 

Despite the challenges that remain, researchers hope that the phrase mind over matter will eventually become more than a clichŽ. “Right now, we’re just taking a few baby steps,” says Bakay. “I don’t think anybody yet knows the best way to do this, and maybe we will eventually use aspects of all this work.” 

Even imperfect steps offer great benefit to severely paralyzed patients, the researchers point out. Birbaumer’s first patient spent 16 hours writing a thank-you note to him, one letter at a time.   
n

J.R., a paralyzed patient, types out messages on a computer screen by activating nerve cells near electrodes implanted in his brain. Inset shows the electrodes in J.R.’s head. 

