books

Entwined Lives: Twins and What They Tell Us About Human Behavior—Nancy L. Segal. Because twins share genetic predispositions and are generally exposed to many of the same experiences and nurturing techniques, they are providing enlightenment in the area of evolutionary psychology. At the Twin Studies Center of the California State University at Fullerton, where Segal is director, scientists study many types of twins: identical, fraternal, separated at birth, conjoined, best friends, and worst enemies. In sharing a number of her revelatory case studies, Segal—herself a twin—offers insights about behavior and belief, nature versus nurture, patterns in language, and subliminal communication. Segal amply considers the controversies affecting her field, including cloning, fertility treatments, and homosexuality. Dutton, 1999, 396 p., b&w photos, hardcover, $27.95

Get a Grip on Astronomy—Robin Kerrod. Get a Grip on Evolution—David Burnie. Facts interspersed with key words and definitions, as well as mini-biographies of key figures within the fields, fill these whimsical primers. The guides impart a general understanding of the history and key points of each field. For example, in the astronomy handbook, readers can learn all the constellations of the Southern Hemisphere as well as the principles of the steady state theory. In the evolution text, they can learn the fundamentals of Charles Darwin’s theories on the origins of species and their underpinnings in the work of botanist Gregor Mendel and mathematician Ronald Fisher. Both books, Times Bks, 1999, 192 p., paperback, $14.95 each. 

The Handy Garden Answer Book—Karen Troshynski-Thomas. Neophytes and accomplished horticultural enthusiasts alike can find answers to the more puzzling aspects of gardening among the 1,000 questions and answers in this volume. Organizing her work both by plant type and garden elements, Troshynski-Thomas offers involved responses to queries including: What is an LD50 rating? How do I site a garden to improve plant hardiness? What are the benefits of clover? Are there any black plants? Visible Ink, 1999, 442 p., b&w photos/color plates, paperback, $19.95.  

Living to 100: Lessons in Living to Your Maximum Potential at Any Age—Thomas T. Perls and Margery Hutter Silver, with John F. Lauerman. The founders of the New England Centenarian Study, who are both affiliated with the Harvard Medical School, report their findings. By concentrating on the mental, physical, and emotional health of more than 100 centenarians, Perls and Silver gleaned aspects of lifestyle that encourage vitality in old age. The results point to a hardy, active group of people whose condition defies most commonly held perceptions about the aged. Perls and Silver  explain methods for how to age well. Basic, 1999, 284 p., illus., hardcover, $25.00. 

Maya: Sixth Edition—Michael D. Coe. Expanding upon the increasing volume of data about the indigenous people of Central America and Mexico, this revised introduction to the Maya incorporates artistic discoveries from the city of Copán and new translations of ciphers about political power. Coe’s study spans the 9,000-year history of this tenacious group, from the seminomadic Indians of the Archaic period to the descendents who remain in modern Peru. Laden with photographs and illustrations of Mayan tools, crypts, statuary, and ornamentation, Coe’s tour is visually informative as well. Thames Hudson, 1999, 256 p., color photos/b&w photos/illus., paperback, $18.95.  

Smart Guide to Healing Foods—Katharine Colton. In a straightforward style, this guide explores the benefits of certain vitamins and minerals, identifies the foods that harbor them, and then suggests how they influence a host of ailments. Tips for cooking and selecting the best ingredients are included within entries that discuss potential medicinal benefits of menu items. A concluding section details ailments and the foods and nutrients that have been proposed for preventing or treating them. Wiley, 1999, 179 p., paperback, $10.95.

Time, Love, Memory: A Great Biologist and His Quest for the Origins of Behavior—Jonathan Weiner. The Pulitzer Prize­winning author of The Beak of the Finch follows up with this stellar biography of maverick biologist Seymour Benzer and his quest to define the foundations of behavior. A cohort of James Watson and Francis Crick, Benzer aided the two in breaking the genetic code and invented the genetic dissection of behavior. Since then, Benzer and his students at the California Institute of Technology have sought to explain the genetics of memory, emotion, and internal clocks. Throughout the past 40 or so years, Benzer’s studies focused on fruit flies, with which we share an amazing array of genetic similarities. Weiner’s compelling portrait tells how Benzer and his fruit flies bestow one of the most scientifically significant legacies of the century. Knopf, 1999, 300 p., b&w photos/illus., hardcover, $27.50

Letters

Other clues to thought and action

The research on how infants learn to coordinate movement (“Minds on the move,” SN: 3/20/99, p. 184) would seem to be most applicable in modern homes with floors and central heating. In some cultures, notably in cold climates, infants remain mostly wrapped and strapped to their mothers for up to a year. Has there been any comparative study with these infants?

Carol Burns

Olympia, Wash.

Not that I know of. Dynamic-systems theorists also acknowledge the need to investigate social and cultural processes, such as infants’ exposure to spoken language, that influence mental development along with their motor experience.
—B. Bower

Myth-taken identity

The first paragraph of “Fickle climate thwarts future forecasts” (SN: 2/27/99, p. 133) mistakenly refers to Sisyphus as the person who constantly reaches for elusive goals. Sisyphus was doomed to forever push a rock uphill, only to have it roll back down. Tantalus, however, was tempted from above by grapes that moved away when he reached for them, and from below by water that receded when he tried to drink it.

David Bartczak

Huntington Woods, Mich.

The story does not characterize Sisyphus as one who reaches for elusive goals, but one who strains. Indeed, he pushed the rock toward the top of the hill and seemed to make progress, only to have the rock slip back down each time. 

Similarly, climate researchers are continually making advances, but complications routinely crop up that send them several steps backward.
—R. Monastersky

Dioxin disgust

I feel that the title and subtitle of the article “Redefining dioxins: Once dreaded as industrial poisons, some of these compounds may prove to be natural—even beneficial” (SN:  3/6/99, p. 156) were very misleading. They suggest that the extremely dangerous dioxins like TCDD have now been found to be beneficial, when this is not the case, as the article goes on to explain. The content of the article was excellent, as usual

Lynn Markham

Chippewa Falls, Wis.

What a letdown to see an article such as “Redefining dioxins” in Science News. What a perfect out for the producers of these once-dreaded and, yes, still-dreaded industrial poisons. 

We are now instructed to label any and every entity that binds to the aryl hydrocarbon receptor (Ahr) as dioxin. Then, we encounter the sidebar telling us that dioxins are actually anticancer agents and  that breakdown products of broccoli, cabbage, and brussels sprouts activate the very same Ahr receptor that dioxins do.

To rename beneficial, naturally occurring molecules as dioxins—rather than informing, clarifying, educating, and enlightening—would disinform and defraud, as well as cloud, the issues.

Linda J. Tanner

Black, Mo

Bt-Corn Pollen Can Kill Monarchs

Eating pollen from corn plants genetically engineered to make their own pesticide can kill larvae of monarch butterflies, according to a Cornell University study.

The results raise doubts about a supposed smart bomb in the pesticide arsenal, the Bt toxin. Biotech companies sell corn carrying the toxin gene, designed to protect the crop from moth caterpillars with minimal collateral damage to bees and other beneficial insects. 

In a laboratory test, about half of the monarch caterpillars died after 4 days of munching on leaves dusted with Bt-corn pollen, report Cornell’s John E. Losey and his colleagues. All the caterpillars that ate regular corn pollen survived, the researchers note in the May 20 Nature.

“We don’t know how big the risk is,” Losey cautions. More tests need to answer such questions as how much pollen coats leaves in the real world and whether wild caterpillars avoid coated leaves, he says.

The Bt toxin, discovered in the bacterium Bacillus thuringiensis, kills its victims by perforating their guts. In 1996, Novartis Seeds of Golden Valley, Minn., introduced corn souped up with the Bt gene to fight corn borers. By 1998, up to 16 million of the 80 million acres of corn harvested in the United States carried some form of the gene, according to Monsanto Co., a St. Louis firm that licenses the technology behind Bt corn.

Earlier tests did not explore Bt effects on monarchs, says Cornell’s Linda S. Rayor, a coauthor of the new study. The caterpillars eat leaves only from milkweed, which thrives along roadsides and field edges. Rayor lives near a cornfield and can testify that corn, which is wind-pollinated, sheds pollen beyond field borders.

Other butterfly caterpillars feed near fields, too. “I think there’s a really good chance the pollen affects less charismatic species,” she says.

Losey points out that previous work had already raised questions about Bt’s safety. Lacewings are not fazed by direct exposure to Bt, but they languish from indirect effects, say Angelica Hilbeck of the Swiss Federal Research Station in Zurich and her colleagues. In the April 1998 Environmental Entomology, they reported that 1.5 times as many lacewings died when fed Bt-eating corn borers than when they dined on Bt-free caterpillars. 

That study did not kick up the fuss now arising from the Cornell research. Monsanto spokesman Randy Krotz acknowledges that he’s tied to the phone answering questions. “Remember where we’re coming from,” he urges. Earlier pesticides used to control corn borers killed a wider spectrum of creatures, he points out. Also, he emphasizes that the Losey team just estimated real-world pollen exposure by eye. “It’s not very likely you’re going to have mortality in the field,” Krotz predicts.

Monarch specialist Karen S. Oberhauser of the University of Minnesota in St. Paul remains concerned. “[The study] certainly demonstrates there’s a clear potential for harm,” she says.  

Biological control specialist John J. Obrycki of Iowa State University in Ames agrees. “John’s work is real drama-tic,” he says of Losey’s research. The results fit with preliminary data from Obrycki’s student Laura C. Hansen. About a quarter of monarch larvae died after 1 day of munching on pollen-dusted leaves collected near Bt-corn fields. 

Obrycki also questions the argument that Bt corn is a lesser evil than old pesticides. That may be true where farmers irrigate corn fields and create green paradises for pests. Iowans generally don’t do that, he says, and only about 2 percent of the state’s cornfields get sprayed for borers. If farmers plant Bt corn on more acres, he worries, “you’ve added a significant new risk to monarchs.” 
—S. Milius

A monarch caterpillar dines on a milkweed leaf dusted with corn pollen.

Elephants may have started out all wet

A study of tiny elephant fetuses, one no bigger than a pea, suggests that the wrinkly skinned giants originally evolved as seagoing mammals that used their trunks as snorkels.

“For the first time, we now have a rational explanation for the unusual anatomical features of the elephant,” says Ann P. Gaeth of the University of Melbourne in Parkville, Australia.

Some paleontologists, however, argue that this idea doesn’t hold water. 

The evidence comes from an investigation of seven fetal elephants found inside females that were shot to reduce overpopulation in a South African park. Gaeth and her colleagues studied the growth of kidneys and other organs in these specimens, the smallest of which had developed for only 58 days. Elephant gestation typically lasts 22 months.

The researchers were surprised to find dozens of small, funnel-shaped tubes, called nephrostomes, in the kidneys of the elephant fetuses. These features had not been seen in any mammal that gives birth to live young, the researchers report in the May 11 Proceedings of the 

National Academy of Sciences. Nephrostomes appear briefly in the embryos 

of egg-laying mammals, such as the 

platypus, and function in adult fish and amphibians.

The elephant’s fetal nephrostomes are a legacy that provides clues about the animal’s origins, say the researchers. Aquatic animals have nephrostomes, so elephants may have inherited this feature from an aquatic ancestor, says Gaeth. 

The same argument applies to the elephant’s nose. The trunk appears early in fetal growth, suggesting that it has a more ancient origin than features popping up later during gestation, the Australian scientists say. The trunk may have evolved originally as a snorkel for early aquatic elephants, they speculate.

Other researchers don’t discount the possibility that elephants arose from an aquatic mammal. Fossil bones, as well as genetic studies, suggest that elephants are closely related to manatees. Researchers have debated whether the ancestor of both groups lived on land or in the sea. 

Paleontologists, however, argue that the fetal evidence doesn’t provide much insight into elephant evolution. For instance, studies of the oldest elephant fossils indicate that these animals lacked trunks, an observation that contradicts the Australian researchers. 

“I don’t buy the argument about a trunk having first evolved in an aquatic environment,” says Daryl P. Domning of Howard University in Washington, D.C., who studies fossil manatees. 

“I’m not convinced by their arguments. I think they’ve overstated their case,” agrees mammal paleontologist Andre Wyss of the University of California, Santa Barbara.         —R. Monastersky 

Asteroids formed early on in solar history

Bits of dust and gas gathered into clumps, and boulder-size bodies careened into each other, forming asteroids and ultimately planets. A lot went on in the infant solar system, and new research suggests that some of it happened in a hurry.

A study published this week supports theoretical models in which some planetesimals—asteroids and other building blocks of planets—had already formed, heated up, and partially cooled a mere 

5 million years after the birth of the solar system. The analysis identifies the radioactive isotope aluminum-26 as the heat source that melted these primitive rocks.

A highly accurate method for radioactive dating of meteorites underlies the findings. Gopalan Srinivasan and his colleagues at the Physical Research Laboratory in Ahmedabad, India, describe their work in the May 21 Science.

The researchers focused on a meteorite called Piplia Kalan, named for the village in western India where it crashed 3 years ago. The rock belongs to a group of meteorites known as eucrites and considered to be fragments chipped from the giant asteroid 4 Vesta.

To study processes in the early solar system, Srinivasan and his colleagues needed to trace a radioactive isotope with a half-life shorter than 1 million years, so they chose aluminum-26. Theorists have long suspected that the heat emitted by this isotope could have melted some of the solar system’s first solid bodies. 

Srinivasan and his colleagues wanted to determine when in the solar system’s history a fragment of Piplia Kalan had cooled enough to solidify. To do so, they compared the rock’s aluminum-26 

abundance with that in the solar system’s oldest known solids, primitive grains found on some meteorites. Although the aluminum-26 present in the early solar system has by now disappeared, researchers can infer its presence by mea-suring its decay product, magnesium-26.

The team calculated that the fragment of Piplia Kalan they analyzed contained about one-hundredth the abundance of aluminum-26 in the ancient grains. This result, along with the half-life of aluminum-26, allowed them to determine that the meteorite’s parent asteroid—most likely Vesta—assembled, melted, and at least partially cooled within 5 million years of the solar system’s formation.

As the third-largest asteroid known, Vesta would have taken a long time to even begin cooling and so must have formed considerably earlier than the 5-million-year benchmark.

That conclusion supports models that theorists have recently developed. They propose that bits of dust within the disk of material that surrounded the infant sun assembled “into planetesimals many kilometers across over a time interval of order 1 million years or less,” says Jack J. Lissauer of NASA’s Ames Research Center in Mountain View, Calif.

Alan P. Boss of the Carnegie Institution of Washington (D.C.) notes that the findings corroborate the results of previous, less precise radioactive-dating studies, which relied on isotopes of manganese and chromium. The presence of aluminum-26 in a meteorite whose parent asteroid is known to have undergone early melting “helps buttress the case for aluminum-26 having been a major source of energy for planetesimal heating,” he adds. 

Other eucrites show no evidence of aluminum-26. Harry Y. McSween Jr. of the University of Tennessee in Knoxville says these may have originated from parts of Vesta that took many millions of years to cool, so they didn’t crystallize until long after the isotope had decayed. —R. Cowen

Fragment of the meteorite Piplia Kalan.

Common cold virus is foiled by a decoy

No one is claiming victory yet, but scientists have won a skirmish in the war against the common cold. By giving a drug that mimics a molecule that cold viruses use to invade cells, researchers have reduced cold symptoms in some people and prevented colds in others.

A cure for the common cold has been so elusive that it has become a 20th-century symbol of futility. As funding for cold research dropped sharply in the past decade, many researchers gave up on finding a successful treatment. Nonetheless, colds continue to be more than an annoyance. They can lead to ear infections in children, aggravate asthma attacks, and spawn sinus infections.

For 15 years, scientists have known that the rhinovirus, which causes roughly half of all colds, latches onto cells at a surface molecule called ICAM-1. This molecule provides the virus with a means to enter the cell. Once inside, rhinovirus commandeers the cell’s machinery and replicates itself.

To turn this exploitation to peoples’ advantage, scientists at Boehringer Ingelheim Pharmaceuticals in Ridgefield, Conn., devised a truncated version of ICAM-1. The virus latches onto this decoy, called tremacamra, reducing the likelihood of infecting a cell.

After the approach succeeded in chimpanzees scientists tried it on 177 volunteers aged 18 to 60. Each received nose drops containing rhinovirus and remained isolated in a hotel room for 8 days to limit contact with other viruses.

Among the 81 people who also received tremacamra—in capsules or a nose spray—six times a day for 7 days, less than half developed a cold, the researchers report in the May 19 Journal of the American Medical Association (JAMA). 

Of 96 people getting an inert substance while exposed to the same virus, two-thirds came down with a cold within a week, says coauthor Frederick G. Hayden of the University of Virginia School of Medicine in Charlottesville. During the test, volunteers and researchers didn’t know which treatments were placebos.

Some participants were exposed to the virus shortly before getting the drug; some, 12 hours afterward. It didn’t matter greatly. During the first week after exposure, people getting a placebo recorded roughly double the severity of cold symptoms—such as chills, cough, headache, and sore throat—as the people in the treated group did. Participants also collected their mucus-laden tissues in sealed containers, which revealed that untreated participants produced about twice as much mucus as  those getting tremacamra did. 

Side effects of the medication were limited to nasal irritation in some participants.

Tests on the participants’ mucus discharge revealed less interleukin-8, an immune-system protein, in the treated group. Interleukin-8 rushes to the site of rhinovirus infections as a helper, but it actually can lead to some cold symptoms, such as the inflammation associated with sore throats. Reduction in interleukin-8 lessened such inflammation and indicated that the virus was replicating less extensively, Hayden says.

Of course, the study doesn’t precisely mirror reality. These people took medication within a day of being exposed to the virus. Normally, a person doesn’t know a cold virus has struck until symptoms arise, which can take several days. 

While the study offers hope, “it remains to be seen whether tremacamra will have effects when given after symptoms have started, particularly in naturally occurring colds,” says Kenneth McIntosh of Children’s Hospital in Boston, also writing in JAMA. “Despite the encouraging findings,” he concludes, “it is clear that the cure for the common cold is not yet in hand.”
—N. Seppa

Closing the loop on the end of a chromosome

Photographs that reveal unsuspected genetic lariats at the ends of chromosomes have added a scientific spin to an old cliché. A picture can be worth a thousand experiments.

One of the hottest topics in biology, telomeres are stretches of repetitive DNA at the ends of chromosomes (SN: 11/25/95, p. 362). Telomeres prevent chromosome ends from sticking to each other and may play crucial roles in aging and cancer. They also somehow help cells avoid treating a normal chromosome tip as evidence of a broken chromosome. Such breaks normally prompt a cell to launch DNA-repair efforts or commit suicide.

Scientists had thought that telomeres consist of a linear DNA molecule, with one of the DNA’s usually paired strands slightly longer than the other. This telomeric overhang posed a dilemma. Cells don’t tolerate single-stranded DNA. 

Some microscopic creatures called ciliates have proteins that bind to their telo-meric overhangs and mask them. Yet attempts to find similar proteins in mammals, which have much longer overhangs, have so far proved fruitless.

During such searches, Titia de Lange of the Rockefeller University in New York and her colleagues did identify two proteins, TRF1 and TRF2, that bind to the double-stranded portion of mammalian telomeres. The scientists then joined forces with Jack D. Griffith of the University of North Carolina at Chapel Hill, who heads a research group that studies DNA-protein interactions.

The investigators synthesized telo-meric DNA and mixed it with TRF1 or TRF2. Viewed under an electron microscope, telomeres exposed to TRF2 often displayed large circles, which the researchers named t loops, but no single-stranded ends. The overhang somehow had integrated itself into the double-stranded part of the telomere, they concluded. Telomeres isolated from mouse and human cells had the same loops, the scientists report in the May 14 Cell.

Cells lacking TRF2 activate DNA-repair machinery and sometimes even commit suicide, suggesting that telomeres require TRF2 to form loops, says de Lange. Such cells, as expected, seem to interpret unlooped telomeres as damaged DNA.

Why haven’t biologists observed t loops before? Telomeres are only a small portion of a chromosome’s DNA. “Unless someone had been looking for [a loop], it would be easy to miss,” says Griffith.

Future studies will explore how t loops form and what tricks other organisms employ to mask telomeric overhangs. 

“It may be that each creature has come up with its own solution,” speculates Griffith.

Some researchers suspect that the wear and tear of aging results, in part, from telomeres dwindling. “Perhaps as a part of aging, a few telomeres get so short that they can no longer form 

t loops,” says Jerry W. Shay of the University of Texas Southwestern Medical Center at Dallas.

Since t loops seem to hide the tips of telomeres, scientists now wonder how the enzyme called telomerase acts on telomeres’ ends to maintain or extend their length. “The discovery of t loops solves some long-standing problems, makes others moot, and raises some new ones,” notes Carol W. Greider of Johns Hopkins Medical Institutions in Baltimore in a commentary in Cell. 
—J. Travis

This telomere forms a large loop (left of arrow) that crisscrosses itself.

Peptide packs in holographic data

Holography can do more than make pretty pictures. It can cram thousands of pages of information into a tiny volume of light-sensitive material, a storage density that far surpasses the capacity of traditional computer drives and CD-ROMs.

Now, researchers have improved one such material so that it records holographic data encoded in light-interference patterns in less than 1 second. This is 350 times the recording speed of earlier versions of the material. 

Rolf H. Berg, Søren Hvilsted, and P.S. Ramanujam of the Risø National Laboratory in Roskilde, Denmark, first designed such compounds 3 years ago. They consist of short protein molecules, or peptides, with azobenzene dye molecules attached.

The original azobenzene peptides appeared promising, but “one of the major drawbacks was the response time,” says Bernard Kippelen of the University of Arizona’s Optical Sciences Center in Tucson. It took several minutes for films of the peptides to record a hologram—too slow for practical applications.

A new version of the peptide synthesized by Palle H. Rasmussen of Risø and the original group has azobenzene attached to the amino acid proline. That amino acid gives the peptide a more rigid polymer backbone, which allows the dye molecules to react to light in a more coordinated way, says Berg. This improves the speed at which the material records and reads out information. 

The team reported its findings May 11 in the online version of the Journal of the American Chemical Society.

Conventional magnetic disks store data in bits on the surface. In holograms, however, blocks of information are distributed throughout the material’s volume (SN: 8/20/94, p. 127). 

Because a page of data is recorded like a single snapshot, it can be read all at once. “This gives an extremely fast data rate—as much as 1 gigabit per second,” says Glenn T. Sincerbox, director of Arizona’s Optical Data Storage Center. In contrast, information on a magnetic disk is retrieved bit by bit by spinning the disk. “The only ways to get higher data rates are to spin it faster or put the bits closer together,” he explains.

Although azobenzene peptides are among several promising potential holographic materials, many issues must be resolved before they can become practical for data storage. The film would have to be at least 1 millimeter thick to store the desired amount of data. So far, the researchers have tested only 13-micrometer-thick films. The Risø group’s peptide can store 25 megabits of data in 1 square millimeter.

Also, the team used a green laser to record data and a red beam to retrieve them because the color difference protects information from corruption during readout. A practical, compact device would have to operate with a single wavelength of light. Kippelen says that his group is studying other types of light-sensitive polymers to find ways to accomplish this. “Some of these concepts could be extended to peptidelike materials,” he notes.

Holographic storage will have to progress quickly to compete with existing technologies. “Traditional magnetic storage is advancing so fast that the window for holography is shrinking,” says Kippelen. However, Sincerbox says that holographic storage applications might make their debut within a year.    —C. Wu

Films of a two-unit peptide made up of copies of the dye azobenzene (orange) attached to proline amino acids (blue) can be used as a medium for storing data holographically.

Hip bones imply early humans lived large

As indelicate as it sounds, a rare pair of nearly complete pelvic bones has thrust anthropologists up against the impressively large bodies of human ancestors. More than 200,000 years old, those pelvic fossils—one newly unearthed in Spain and the other extensively analyzed for the first time although it was discovered in China in 1984—belonged to individuals whose reconstructed physical build makes most people living today look puny.

No other substantial pelvic remains from members of the human evolutionary family come from the same period as the new find. An African Homo ergaster pelvis dates to around 1.5 million years ago, and an Israeli Neandertal pelvis dates to about 60,000 years ago.

Separate investigations of the Spanish and Chinese fossils now suggest that modern humans have shrunk from the ample anatomical norm of their fossil ancestors, which included a long, broad, and thick pelvis for both sexes.

“A narrow pelvis could be a unique modern human condition,” contends the Spanish team, led by Juan-Luis 

Arsuaga of Complutense University of Madrid. That argument receives support from the recent examination of the Chinese fossil pelvis, according to Karen R. Rosenberg of the University of Delaware in Newark. 

The Spanish fossil, attributed to a male, makes its debut in the May 20 Nature. Rosenberg presented her team’s analysis of the Chinese specimen, which the researchers suspect was a female, last month at the annual meeting of the American Association of Physical Anthropologists in Columbus, Ohio.

A cave in northern Spain’s Atapuerca Mountains yielded the fossil pelvis described by Arsuaga and his coworkers. They found it in sediment from which they had already extracted fossil individuals classified as Neandertal ancestors from more than 200,000 years ago (SN: 4/10/93, p. 228).

The thick bones of the ancient male pelvis, which flare out at the top, form a triangular opening through which a modern human newborn could easily pass, the scientists say. Females in this ancient population would have had even wider pelvic canals, the team argues, to allow for the delivery of babies larger than those of modern humans. 

The individual represented by the fossil stood about 5 feet, 8 inches tall and weighed at least 210 pounds, according to Arsuaga’s group. Other evidence indicates that the average body mass of ancient 

Homo species markedly exceeded that of modern humans (SN: 5/24/97, p. 322).

Rosenberg and her colleagues also found evidence of heft. No other fossil female in the human evolutionary family approaches their Chinese specimen’s size. She stood an estimated 5 feet, 6 inches and weighed about 172 pounds.

 The group, led by Rosenberg examined a partial skeleton known as the Jinniushan specimen. Chinese investigators had excavated it from a collapsed limestone cave in northeastern China. According to analyses of radioactive elements in animal teeth found in the same cave, the skeleton dates to about 280,000 years ago.

Rosenberg classifies the Jinniushan specimen as an archaic, or early, Homo sapiens. Although originally thought to be a male, the specimen has a cranium that looks more like those of females from that period, she says.

The ancient woman’s large braincase is proportional to her substantial body size, Rosenberg contends. Overall, in her view, the Chinese specimen fits into the known progression of increasing brain size relative to body size that occurred in Homo between 600,000 and 150,000 years ago. 

From even more ancient fossil ancestors up to archaic H. sapiens, human ancestors share a relatively thick, elongated frontal pelvis, Rosenberg says. The Spanish researchers suspect that that trait plus others exhibited by their specimen commonly occurred before the emergence of modern humans. Arsuaga and his team point out that a 3.2-million-year-old Australopithecus afarensis pelvis—part of the partial skeleton dubbed Lucy—looks much like their new fossil and is comparably broad relative to overall body size.

“The wide body of the Jinniushan specimen relative to its stature also appears to be adapted to living in a cold environment,” Rosenberg says. She adds that the large size of both the Chinese pelvis and other bones relative to the ancient individual’s height also suggests that biological adaptation to a cold climate occurred.

Arsuaga’s group doubts that evolutionary responses to frigid conditions contributed to the anatomical features of the pelvis they uncovered. 
     —B. Bower 

Fusion fuel zips to core through back door

A few years ago, a new obstacle appeared in the path to the long-sought goal of generating more energy from magnetic fusion than is consumed. Scientists could no longer get enough hydrogen fuel into the reactor core. For the previous two decades, they were able to fire frozen fuel pellets through ports in the outside walls of the doughnut-shaped machines. However, as researchers pushed core temperatures of reactors to about 100 million°C, the plasma of ionized hydrogen in the machines became impenetrable to the BB-size pellets.

Now, scientists find that a fraction of the hydrogen in pellets that pass through the walls can once again reach the core, but they must be injected through the inside or top walls of the reactors’ ring. By upping plasma density in the hottest zones of the reactor, the new method of launching fuel pellets should boost fusion energy output, says Mike Gouge of Oak Ridge (Tenn.) National Laboratory (ORNL). “Inside launch is . . . an elegant way to 

get the material where it needs to go,” he says.

Peter T. Lang and his colleagues at the Max Planck Institute for Plasma Physics in Garching, Germany, pioneered the method. This spring, ORNL scientists observed dramatically improved penetration with pellets launched from inside and atop the doughnut of the DIII-D National Fusion Facility in San Diego.

These pellets penetrated twice as far into the ring despite traveling at only a fifth the speed of pellets launched at the outside locations. Engineers must slow pellets heading for inside or top penetration because of the danger of shattering them in the twisted pipes required to reach those spots. Experiments continue this week at ORNL.

The Garching results have already won many converts. “Now, every big fusion machine is changing to this new scenario,” Lang says.

Wayne A. Houlberg of ORNL explains that the magnetic field strength around the ring drops off from the inside walls toward the outside ones. He and other theorists suspect that pellets vaporize in microseconds to form mixed clouds of protons and electrons with weak electrical fields. Magnetic forces then push the clouds outward toward fainter magnetic fields, he says. 
—P. Weiss 

Magnetic forces in this doughnut of ionized gas, or plasma, push fuel into the hot core (orange) from inside the doughnut hole but repel it from outside.

Out of the Swamps

How early vertebrates established a foothold—with all 10 toes—on land

By RICHARD MONASTERSKY

Roughly 340 million years ago, a small beast built somewhat like a lizard was scampering along the edge of a tropical lagoon when it met its fate. No one knows what killed the wiener-size creature. A tropical storm might have drowned it, or perhaps a sudden wave washed it from shore. In any event, the animal fell into the lagoon and sank into the annals of paleontology. 

In 1992, an amateur fossil collector spotted the remnants of this four-legged creature on the shore of Cheese Bay, Scotland. For the next 5 years, the fossil sat in a drawer at the National Museums of Scotland in Edinburgh, where researchers were engrossed in ongoing projects. Finally, paleontologists retrieved the headless specimen and started the painstaking process of chipping away the rock.

“We knew it was there in the drawer, but I don’t think any of us recognized how interesting it was,” says Tim R. Smithson of Cambridge Regional College in England.

Their indifference quickly faded. As Smithson and his colleagues watched the fossil emerge from the rock, they discovered signs that this creature had lived on land, making it the earliest known animal with a backbone to conquer the continents. They dubbed it Casineria, taking the name from the Latin words for cheese and bay. 

With its four strong limbs and dexterous fingers, Casineria opened a new, drier chapter in humanity’s deep prehistory, Smithson and his colleagues argue in the April 8 Nature. Before this animal’s time, the early Carboniferous period, vertebrates had spent more than 160 million years underwater, with only the most fleeting forays onto the land. Casineria and its kin, for the first time, sported a set of traits that freed them from the confines of the oceans and allowed them to make a living in some of the earliest forests on the planet, say the researchers. 

The Cheese Bay find caps a decade of discovery during which paleontologists have uncovered several of the principal characters in the chronicle of early vertebrate evolution. Taken together, the fossils are starting to illuminate the biological steps—both small and profound—that led our ancestors from the security of the watery world to the expansive opportunities available on the harsh, desiccated continents. 

Before Casineria entered the story, the main events in vertebrate evolution had played out underwater. Fish, the first animals with backbones, had appeared by the early Ordovician period, some 500 million years ago, and they remained the only vertebrates until around 360 million years ago. 

At that time, the end of the Devonian period, some new styles of creatures appeared on the scene. First came fish with two pairs of stout, fleshy fins—evolutionary forerunners of arms and legs. From these lobe-finned fish then arose the earliest members of the tetrapods, or vertebrates with four true limbs. 

For most of this century, the best picture of Devonian tetrapods came from a fossil species discovered by Swedish scientists in Greenland in the 1930s. The animal, called Ichthyostega, seemed like a vertebrate version of a sport utility vehicle—built for traversing all sorts of terrain. The size of a desk, it had arms, legs, hands, and feet, apparently for walking on land, but it also had a fishlike tail that could have served the animal only in the water. 

In the eyes of the Swedish paleontologists, Ichthyostega lived its life between two realms, half in and half out of water. Their studies of this creature suggested that the development of limbs coincided with the time that vertebrates first started crawling out on land, which made a certain amount of sense. After all, what good would hands and feet be on a fish?

In the late 1980s, a pair of scientists from the University of Cambridge in England came up against just that question. In an expedition to Greenland, Jennifer Clack discovered complete specimens of another Devonian tetrapod, called Acanthostega. Scientists had previously collected only scraps of it. When Clack and Michael I. Coates studied the full skeleton of Acanthostega in 1989, they found hands and feet attached to an essentially aquatic animal. 

What’s more, Acanthostega’s hands were some of the oddest known. Instead of having five digits—which was assumed to be the ancestral pattern among tetrapods—Acanthostega had an overabundance of fingers, eight on each hand. Flummoxed by this, Clack and Coates set upon a recently discovered leg of Ichthyostega to see what it was hiding at the end of its limbs. They found that Ichthyostega had seven toes on each foot rather than the five that the Swedish researchers had assumed.

Clack and Coates realized that Acanthostega and Ichthyostega could not have managed to do much more than flop around on land. Their upper arm bones, instead of being long and slender, had a broad, blobby shape ill-suited for walking. Their hind limbs splayed out to the side and could not have held up the body easily.

“If you look at their skeletal anatomy, they look very aquatic. The limbs are pretty much paddles. They’ve got fishlike tails. And we know from the skull that they have all sorts of adaptations for existing in an aquatic environment,” says Coates, now at University College London. 

So fingers, toes, and other elements of a vertebrate limb evolved before tetrapods spent any quality time on land. These skeletal novelties must have served some purpose in the shallow lagoons where 

Ichthyostega and Acanthostega lived, concluded Clack and Coates. 

Fast forward 20 million years to the era of Casineria, which is the next time paleontologists get a good look at tetrapods.  

“We’ve got the Devonian beasties and then there was a huge gap in the fossil record before we get any evidence of terrestriality or diversity of tetrapods. Casineria is beginning to fill that gap,” says Clack, who collaborated with Smithson in studying the fossil.

Compared with the meter-long Devonian tetrapods, Casineria is a wee thing. The fossil is missing its head and tail, so paleontologists cannot definitively mea-sure its length. Smithson estimates that the animal stretched only 15 centimeters from head to tail. 

Looking in detail at the skeleton, the British researchers found a variety of adaptations to terrestrial life. Casineria’s vertebrae, for example, connected to each other to form a relatively stiff backbone, which would have served as a suspension bridge to hold up the animal’s body. The Devonian tetrapods, by contrast, had much looser backbones that are similar to those of fish, which offer less support, says Smithson.

The upper arm bone, or humerus, of Casineria had a shaft in the middle and flared out on each end—the kind of shape that a dog could get its mouth around. The squat humerus of Acanthostega, however, would have baffled a poor dog because it didn’t narrow at its middle. 

Casineria’s proportionately longer, more slender design would have held the animal up better and helped while it walked. “The humerus is much more like that of primitive reptiles than it is like that of primitive tetrapods,” says Smithson.

The advances continue all the way down to the end of the limbs, where Casineria has a neat set of five digits on each hand and foot—establishing the fundamental pattern that runs through the rest of vertebrate evolution, even to the tips of our fingers. Some animals, such as horses, have lost several digits through time, but no land vertebrate has evolved a hand with more than five true digits. 

When Smithson and his colleagues examined the palm-side of Casineria’s finger bones, they found furrows that would have held ligaments for bending each digit. This dexterity represents an advance over the Devonian limb design; Acanthostega and Ichthyostega could only have bent their hands slightly, moving all digits together in an anemic wave. 

The capacity to curl each finger separately would have made it easier to negotiate the potential pitfalls of the newly claimed environment, suspects Smithson. “If you’re walking over terrain that is rocky or pebbly or has vegetation, then the ability to manipulate your hand in a much more varied way would probably help you get around more easily.” 

Putting all these features together, Casineria seems extremely advanced for its time. “This is quite a sophisticated little critter,” comments Coates, who has seen the specimen. “It’s a bit like if you are a historian of motor car design and you go back to a 1920s garage and you find, much to your surprise, something that you think would be more at home in a 1950s motor car.” 

To find out how Casineria relates to other creatures, Smithson and his colleagues plugged its anatomical characteristics into a computer program that designs potential evolutionary trees. Their results suggest that Casineria did not fit among amphibians but rather sat on the same branch as amniotes—animals with complex eggs. Today, this group includes reptiles, birds, and mammals. 

“Casineria pulls back the origin of amniote lineages much farther than was previously realized. This creature is the first real evidence of a terrestrial animal that we have, and yet it looks like a close relative of amniotes, if not an amniote itself, which is a bit of a stunner really,” says Clack. 

Along with its surprises, the tetrapod from Cheese Bay also offers some confirmation for a 30-year-old theory about how amniotes arose.

“As soon as I saw the specimen of Casineria, I was terribly excited because here was a small form,” says paleontologist Robert L. Carroll of McGill University in Montreal. In 1970, Carroll proposed that amniotes evolved from a line of miniature amphibians, much smaller than brutes like Acanthostega. 

At the heart of Carroll’s theory lies the amniote egg, which has a series of membranes not present in the simpler eggs of frogs and salamanders. These extra membranes help transport gases and nutrients around the egg and prevent water from leaking out. The eggs of amphibians make do without such specializations. Because they are all so small, less than half the diameter of a nickel, compounds can easily diffuse throughout the egg. 

To solve the puzzle of amniote evolution, Carroll took some clues from the family of small, lungless salamanders known as plethodontids. Unlike many amphibians, most plethodontid salamanders lay their eggs on land and do not pass through a larval stage. Instead, the embryonic salamanders develop directly into an adult body form. The small size of the egg limits how large the adults can eventually grow, he says. 

“These modern amphibians that can lay eggs on land and have direct development suggested a model for a transitional animal between the aquatically reproducing amphibians and the terrestrially reproducing early amniotes,” says Carroll. 

At some point in the Carboniferous period, he hypothesized, a species would have evolved that laid eggs on land, skipped the larval stage of development, and grew straight into small adults. These midgets, he suggests, were the ancestors of amniotes, and Casineria looks like the best candidate so far. 

“This Cheese Bay animal is very exceptional for fossils of its time in the lower part of the Carboniferous in being small,” he says. It’s almost small enough to represent a transition between amphibians and amniotes, he suggests.

Over time, these creatures would have evolved eggs with extra membranes, a specialization for life on land that would also have permitted eggs to increase in size. “Once these membranes evolved, then reptiles could get as large as possible,” says Carroll. 

Initially, though, staying small would have offered some advantages in the world out of water. During the early Carboniferous, there wasn’t anything large to eat on land. Vertebrates had not yet evolved the capacity to consume plants, so the only food around consisted of invertebrates—millipedes, centipedes, and the forerunners of insects, says Carroll. Such arthropods would have provided a good diet for a small animal but not a creature the size of Acanthostega.

The land shaped its new inhabitants in many other ways. As paleontologists dig deeper into the history of tetrapods, they are growing increasingly convinced that many of the evolutionary changes among these vertebrates have their roots in the new type of ecosystem sprouting on the continents. 

During the Devonian period, the first trees evolved and established the earliest forests. This carpet of vegetation held onto soils and kept them from rapidly eroding away, as they had earlier in Earth’s history. Shallow swamps appeared, offering a totally new environment for evolution to exploit.

“What we’re looking at is the origin of new types of ecosystems throughout the Devonian. And the origin of tetrapods and of lobe-finned fishes is in part related to that large-scale set of changes, without a doubt,” says Neil Shubin 

of the University of Pennsylvania in Philadelphia.

Limbs with digits would have helped the first aquatic tetrapods negotiate their way through the plant-choked swamps. Only later did these adaptations take on a new role when the early amphibians began crawling out on land, says Shubin.

The types of evolution going on in these swamps led to all sorts of novel arrangements. Last year, Shubin and Edward B. Daeschler of the Academy of Natural Sciences of Philadelphia reported finding a Devonian fish with an array of bones that resemble fingers—a combination not seen in any modern fish. This fish may have used its limbs to creep along the bottom of the swamp as it stalked prey, says Daeschler. 

Casineria and its amphibian ancestors would have had good reason to escape these swamps. “It’s very clear to me why Devonian tetrapods began to leave. If you look at whom they were living with, most everything is giant. There were 9-feet-long fish, with jaws as big as my arm and pointy teeth as big as my thumb,” says Shubin. 

With the find of Casineria, paleontologists have started to fill in some of the missing evolutionary story between the Devonian swamps and the amniotes of the Carboniferous period. “We’ve got this gap where we don’t have much data. We’re beginning to move into that gap—this big blank in the early evolution of tetrapods,” says Coates.

Now, researchers must push back their search to the time preceding Casineria, when animals were first coming to grips with their new, dry environment. In rocks older than the Cheese Bay specimen, paleontologists will chisel away at the ancient sediments, hammers held tight in a five-fingered grasp that reaches straight through the ages back to the Carboniferous world. 
n

Acanthostega lurked in shallow waters of coastal swamps.

Hand of Casineria with its five digits (only one finger is complete in photo).

Biomedicine

Hot spots may signal heart attacks

In people with atherosclerosis, fatty deposits narrow blood vessels and slow blood flow to the heart. Most heart attacks occur after fibrous caps covering these fatty deposits rupture. Blood clots can then form around the rupture and block off blood flow to the heart: a heart attack. 

According to researchers in Greece, tiny changes in temperature along artery walls—measured through a small device inserted into the arteries—might indicate both the presence of atherosclerotic plaques and which plaques are most likely to rupture. Among 45 people without atherosclerosis, the researchers found that temperatures were essentially the same all along the artery wall. In 45 people with atherosclerosis, however, blood vessel temperatures taken in areas of plaques ranged from 0.1°C to 1.5°C higher than temperatures taken along healthy artery walls.

The more severe the person’s underlying disease, the higher the temperatures measured at the plaques, the researchers report in the April 20 Circulation. Temperature variations among the plaques at a single site were largest in the 15 patients who had recently suffered a heart attack.

“It’s not clear whether the inflammatory response and increased temperature causes the plaque to rupture or whether the increased temperature is a response to such rupture,” says David A. Meyerson, a cardiologist at Johns Hopkins University in Baltimore. “Either way, the technique may be valuable in monitoring which plaques are unstable and might trigger a heart attack.”

Since the technique entails inserting a tiny thermometer inside the heart, it will probably be most useful when a patient with chest pain or other heart problems is already undergoing a procedure to look inside the arteries, he says. Temperature differences might then lead cardiologists to treat the more unstable plaques first. 


   —D.C.

Bone marrow boosts transplant success

The idea behind organ transplants is simple: If you can’t fix the part, replace it. This solution, however, is less than acceptable to the human immune system, which will attack transplanted organs as readily as it does invading bacteria. Although drugs that suppress the immune system help, many donated organs are rejected or fail over time.

However, if recipients are given infusions of donor bone marrow cells along with the donated organ, rejection occurs less often and is less severe, reports Abdul S. Rao of the University of Pittsburgh. The procedure seems to benefit patients receiving hearts, lungs, livers, and combined transplants of the kidney and pancreas, he reported at the Experimental Biology ‘99 meeting in Washington, D.C., last month.

Among 270 patients given bone marrow and organ transplants, 52 percent experienced rejection, compared with 67 percent of the patients given donated organs but not bone marrow, Rao says. More importantly, the rejection episodes were generally milder in the bone-marrow group.

Bone-marrow transplants promote the production of white blood cells of the donor’s type, Rao says. These immune-system cells apparently encourage the body to regard the donated organ as part of itself. 


   —D.C.

The straight dope

Long-term marijuana use does not seem to adversely affect mental function, according to a study of 1,318 Baltimore residents. Twelve years after they were first given a standard test of mental ability, volunteers’ average scores had declined only slightly. Those who admitted to having smoked marijuana, even heavily, were no more likely to show signs of impaired mental function than people who had never tried the drug, researchers report in the May 1 American Journal of Epidemiology. 
    —D.C.

Physics

A quantum bit comes to life on a chip

Scientists jest about making so-called quantum computers from cups of coffee (SN: 1/18/97, p. 37). Their jokes allude to extraordinary experiments that use liquids to perform simple quantum calculations (SN: 9/12/98, p. 165). Experimenters have also had some success with photons, trapped ions, and other exotic components—but not with the materials and methods used to make conventional computing devices.

Japanese researchers now report that they have built a key quantum component on silicon with a method that manufacturers already use to make some specialized microcircuits. “The reason why people are so excited is that we can make it with a very standard lithographic technique,” says Yasunobu Naka-

mura of NEC Fundamental Research Laboratories in Tsukuba.

Quantum computers don’t exist yet, but, in theory, they would perform certain calculations billions of times faster than conventional computers do. They would use quantum bits, or qubits, made from tiny particles obedient to the odd rules of quantum mechanics (SN: 4/3/99, p. 220). Whereas an ordinary bit represents either 0 or 1, a qubit represents both at once.

In the April 29 Nature, Nakamura and his colleagues describe creating a qubit in patches of aluminum on the surface of a coated piece of silicon. At 30 millikelvins, the metal allows electrons to flow without resistance. Juxtaposing two such superconducting patches allows a pair of vibrating electrons to simultaneously occupy both patches—that is, to represent states 0 and 1 at the same time. In the prototype, however, this mixed state sparked by a voltage pulse dies out too quickly for practical computing, Nakamura says. 

   
   —P.W.

Laser may twirl molecules to pieces

Physicists often picture the bonds between atoms as springs. Researchers in Canada are developing a new way to exploit that springiness to stretch selected bonds inside molecules until they break.

The method, proposed in the April 26 Physical Review Letters, would use a whirling electric field created by a laser to spin molecules at up to 10 trillion revolutions per second. At that rate, centrifugal forces should tear pairs of atoms apart.

Because the force on heftier atoms would exceed that on lighter neighbors, the bonds connecting more-massive atoms would break sooner, the developers argue. If the method works, chemists may gain a long-sought ability to tailor molecules and reactions with unprecedented precision. 

“We hope to have excellent control over how these molecules are spinning and so to have excellent control over this chemistry,” says Misha Ivanov of the National Research Council of Canada in Ottawa.

Computer simulations indicate that such an optical twister should work. By inducing a slight electric polarity in the molecule, the laser’s oscillating electric field aligns the molecule. As the field then rotates, slowly at first and then rapidly, its electric force makes the molecule spin along with it.

An equipment glitch has so far foiled laboratory tests, Ivanov says. When polarities are aligned, the laser field should hold a spinning molecule in place, as one’s palm cups a marble. However, the field intensity jiggles around. For now, says Ivanov, “the twister is like the hand of a person with a hangover. It shakes like hell” and drops the marble.        —P.W.

An electron pair simultaneously occupies the metal box and reservoir on this chip, encoding the values 

0 and 1.

The Hard Truth about Hearts

A test that measures calcium deposits may screen for heart disease 

By DAMARIS CHRISTENSEN

Quick. Do you smoke? Exercise? Know your blood pressure? Your cholesterol level? Your coronary calcium score?

Most people have never heard of it, but a coronary calcium score could tell them more about their risk of developing heart disease than the answers to any of the other questions. A coronary calcium score is not only a mea-sure of risk but also a gauge of early disease, say researchers. It directly counts the fatty plaques, which contain calcium deposits, in the heart vessels. These plaques are a major cause of heart attacks and other cardiovascular diseases.

Currently, coronary calcium measurements serve primarily as a tool in research on heart disease rather than a screening tool to ward off the illness. That, however, may soon change. 

Every 33 seconds someone in the United States dies of heart disease—more than 959,000 people each year. Cardiovascular disease ranks as the leading cause of death in this country.

People who smoke, don’t exercise, and weigh too much are all at increased risk for heart disease, as are those who have high blood pressure, high blood cholesterol concentrations, or diabetes. Men are more likely than women to develop heart disease, and older people are at higher risk than younger people.

Improvements in treatments and preventive efforts, such as campaigns to lower high blood pressure and high cholesterol, have helped reduce the toll of cardiovascular disease. Yet public health advocates warn that the growing girth of many Americans and the rising number of people with sedentary lifestyles may reverse this positive trend.

Actually seeing plaques, or counting them, can help people understand how their lifestyles affect their heart (SN: 5/8/99, p. 302). When these fatty deposits accumulate, they narrow the blood vessels, a condition called atherosclerosis. Constricting the vessels that bring blood to the heart foreshadows more severe heart disease.

Information about the state of their blood vessels might give people a kick in the pants to get exercising and lose weight, says Steven N. Blair of the Cooper Institute for Aerobics Research in Dallas. A technology that measures blood vessel plaques might also refine the process of singling out people most at risk, since not everyone who smokes, overeats, or avoids exercise develops heart disease.

In this method, researchers measure calcium in atherosclerotic plaques by taking X-ray snapshots of the heart. The images show coronary calcium as white spots. The density and size of the spots and, by inference, the amount of plaque are reflected in the coronary calcium score. 

The beating heart evaded clear X-ray imaging until scientists at the University of California, San Francisco developed electron-beam computed tomography, or EBCT, in the 1980s. In traditional CT, an arm emitting X rays moves around a person. Because the mechanical device travels relatively slowly, pictures of the beating heart come out too blurred to depict small features like the calcium deposits.

An EBCT machine is faster because its X-ray source is a moving electron beam. This device can snap a scan of a heart between beats, in one-tenth of a second, far quicker than other imaging devices. 

In the early studies, researchers showed that the number of plaques detected by EBCT after death correlated well with the extent of atherosclerosis measured during the autopsy. Further studies concluded that people with extensive calcium deposits were more likely to suffer chest pains and other forms of heart disease than people without this indication of atherosclerosis. 

Research scientists developed a system of quantifying the density and extent of the calcium deposits. They assign a value called the calcium score. The higher this score, the more likely the person is to develop heart disease. Scores of more than 400 would trigger serious concern; scores of 0 to 100 are generally considered signs of extremely healthy arteries.

Over the past decade, many medical scientists have embraced EBCT technology in their research. In one study, people with high coronary calcium scores were five to six times as likely to develop heart disease as people with low calcium scores, says Yadon Arad of St. Francis Hospital in Roslyn, New York. In contrast, people with a traditional risk factor, such as smoking, were three to four times as likely to develop heart disease as people without those risk factors were, he says.

“Importantly, even when traditional risk factors are taken into account, differences in coronary calcium scores can still help predict future heart disease,” Arad says.

Some scientists use the technique to track the progression of heart disease as they look for new risk factors for the illness. Currently, about a third of patients who develop the disease report no known risk factors.

Carlos Iribarren, for example, asked whether hostility can trigger heart disease. It would have taken decades to link that behavior in young adults with later car-

diovascular problems. In his research at Kaiser Permanente in Oakland, Calif., he found that the most hostile participants had significantly higher calcium scores than those who showed less hostility (SN: 4/17/99, p. 255). 

A recent study also indicates that changes in coronary calcium scores over time reflect the success of disease prevention strategies. In a year-long study, researchers of the Electron Beam Tomography Research Foundation and Vanderbilt University, both in Nashville, examined almost 150 people, ages 32 to 75, who had high blood cholesterol concentrations. Among those who took drugs that successfully lowered their blood cholesterol concentration, the coronary calcium scores dropped by about 7 percent. Coronary calcium scores increased by about 50 percent in the people not taking cholesterol-lowering drugs. 

The scores also reflected less-than-

optimal treatment. They increased by about 25 percent in people taking the drugs whose cholesterol concentrations did not drop to normal, the scientists reported in the Dec. 31, 1998 New England Journal of Medicine.

Researchers have not yet examined whether other drugs, diet, and exercise are also effective at lowering coronary calcium scores.

“The technology seems to be good—accurate, minimally invasive, and a good predictor of cardiovascular events. But the question still remains, What do we do with the results?” says Diane Bild of the National Heart, Lung, and Blood Institute (NHLBI) in Bethesda, Md. 

Widespread screening would require a better understanding of the health relevance of the scores, she says. Because coronary calcium measurements are relatively new, researchers have not yet determined the medical implications of specific scores or established thresholds for amounts of coronary calcium that should be considered dangerous. These values would need to be adjusted for a person’s age and sex. A value that might be normal in a 50-year-old woman would be worrisome in her 40-year-old neighbor. Men generally have higher calcium scores than women. 

Until scientists know more about the scores, “I would have some misgivings about [coronary calcium] as a screening device,” Bild says.

Many researchers share Bild’s opinion that coronary calcium screening is  not quite ready for widespread use. However, about half a dozen of the 50 or so U.S. research institutions that have EBCT machines in place are already offering coronary calcium screening to the public for a fee. 

“In my view, EBCT is absolutely ready for prime time,” argues David G. King of Imatron in San Francisco, the company that manufacturers the EBCT machine. “Every year in this country, 150,000 people have a first symptom of cardiovascular disease—sudden death. We may be able to prevent this by screening.”

King doesn’t claim that screening is for everyone. “Some teens and twenty-somethings will have coronary calcifications, but generally, screening is likely to be most appropriate for males over 40 with one risk factor for heart disease or for females over 50 with one risk factor. Ideally, they will have been referred by their physician,” he says.

While there is disagreement about the value of screening, many researchers say that coronary calcium scores can direct treatment decisions. Doctors often find it difficult to decide whether to give expensive cholesterol-lowering drugs to patients with blood cholesterol concentrations that are near the borderline between normal and high. The presence or absence of coronary calcium might guide treatment, says King.

A tallying of risk factors is not proof of incipient heart disease.  Some people have high cholesterol scores, for example, yet never develop atherosclerosis. “Tests that can identify atherosclerosis early will tell us what people are reacting to particular risk factors,” says Kim Sutton-Tyrrell of the University of Pittsburgh School of Public Health. She sees coronary calcium scans as such a test.

If a person has high blood cholesterol concentrations but a low coronary calcium score, aggressive cholesterol-lowering treatment might not be warranted. On the other hand, someone with moderate cholesterol concentrations and a high calcium score would be a good candidate for drug therapy. 

The coronary calcium measurements are currently of limited use because in many cases, “we could identify disease and still not know whether to treat it,” Sutton-Tyrrell says. For instance, it isn’t clear what to recommend to people with a high calcium score but who have none of the traditional risk factors. 

Expense is a crucial barrier to overcome if coronary calcium screening is ever to be widespread. EBCT machines cost up to $2 million. “Right now, these tests are in the $200 to $400 range. Until they are cheaper, they will not reach prime time,” says Peter W.F. Wilson of the NHLBI’s Framingham (Mass.) Heart Study.

Sutton-Tyrrell adds that insurance companies will probably not pay for the tests until it is clearer what treatments or lifestyle changes are appropriate for people with high or moderate coronary calcium scores.

A variation in the technology may make coronary calcium measurements more affordable in the near future. By hooking up an ordinary hospital CT scanner to an electrocardiogram machine, researchers have taken X rays of a beating heart that show calcium almost as well as an EBCT machine does. 

The 10,000 or so CT scanners installed in hospitals across the country normally can’t get a clear picture of the beating heart. An electrocardiogram machine, which traces the heart’s rhythm, allows a computer to select CT images taken of the heart during the six-tenths of a second that it pauses between beats. Adding an electrocardiogram to an existing CT scanner costs about $100,000—a trivial amount compared with the price of an EBCT machine.

The combination device is currently not quite as fast as an EBCT machine. The combo takes about half a second for a full scan, whereas an EBCT scan requires only one-tenth of a second. 

In a study of 36 people, the two technologies yielded similar coronary calcium scores, says J. Jeffery Carr of Wake Forest University Baptist Medical Center in Winston-Salem, N.C. The results from the two methods matched most closely in patients with large amounts of coronary calcium, he reported in March at a meeting of the American Heart Association in Orlando.

Because CTs are already widely available and connecting one to electrocardiogram equipment is not difficult, coronary calcium tests from this combination might be significantly cheaper than tests with EBCT, Carr says. In addition, the tests could be available to more people sooner. This raises the possibility of widespread screening, once the scientific underpinnings are in place, “similar to the way mammography is used to screen women for breast cancer,” he says.

Although there are other nonsurgical ways of screening for atherosclerosis that are significantly less expensive than coronary calcium screening, none is as sensitive. Researchers found in the early 1960s that the difference between the blood pressure taken from a person’s arm and lower leg could predict future cardiovascular disease. If blood pressure is higher in the leg, it indicates that there is some obstruction of blood flow in the arteries in the leg. This, in turn, implies there is also obstruction of blood flow closer to the heart. 

Another test, known as a carotid artery ultrasound, measures the thickness of the lining of the main artery in the neck and thus any buildup of atherosclerotic plaques there.

Pittsburgh researchers recently examined 133 people, ages 70 to 93, none of whom had any signs of cardiovascular disease as measured by differing leg and arm blood pressures or carotid artery ultrasound. The team found a wide range of coronary calcium scores, Sutton-Tyrrell reported at the American Heart Association meeting. 

Twenty-five percent of these patients showed coronary calcium scores that the researchers considered elevated. “The only way [early] heart disease was detectable in this population was with EBCT,” she says.

Because of results like these, Wilson says, “many of us are leaning in the direction of saying that people will eventually know their calcium scores the way you know blood pressure or cholesterol levels.” 
n

A scan through the heart from electron beam computed tomography (left) and an electrocardiogram­traditional CT combo (right). In both images, calcium deposits show up as small white spots.

A Shelter in the Storm

Oklahoma tornadoes give ‘strong rooms’ their first test

By RICHARD MONASTERSKY

When Beth Bartlett renovated her home in Del City, Okla., last year, she asked the contractor to build a walk-in closet in her bedroom. Unlike a typical wardrobe, though, Bartlett’s could withstand a bomb blast. The contractor fashioned a room with 12-inch concrete walls, a steel door, and a concrete roof.

That room may well have saved the lives of Bartlett, her mother, and their pets on May 3 when a killer tornado ripped through their neighborhood south of Oklahoma City. “The pressure was incredible. It felt like my head was going to pop. We basically just sat there listening to our whole house get torn apart,” says Bartlett.

The storm stripped much of the roof off her house and flattened some walls, yet the closet weathered the storm without damage, say investigators who have examined the structure.

Storm shelters in tornado-prone areas are traditionally located below ground, either away from the main house or inside a basement. In the past 25 years, though, a few builders have begun to construct hardened rooms above ground in bedrooms or bathrooms. While engineers have tested such designs in laboratories, no aboveground shelter had ever passed a trial by tornado until this month, says Clifford Oliver of the Federal Emergency Management Agency (FEMA), who surveyed the tornado damage last week.  

“As far as we know, it’s the closest that a shelter has been to being near an F-5,” says Oliver, referring to the strongest type of tornado. “It’s as good as we’ve ever gotten, and it may be the best we get for many years.”

The rarest of tornadoes, F-5 storms have wind speeds in excess of 260 miles per hour and can send a car flying the length of a football field or more. One of these tornadoes ravaged Bartlett’s neighborhood, splintering houses and killing two neighbors. The twister came within 50 to 100 feet of Bartlett’s house, says Oliver.

Chuck Doswell of the National Severe Storms Laboratory in Norman, Okla., estimates that winds in the upper-F-2 or F-3 range, roughly 150 to 160 mph, hit Bartlett’s house. 

The FEMA crew also surveyed another site near Oklahoma City where a specially designed shelter inside a house withstood winds of more than 100 mph. The owner of this new home had the builder add the hardened room for $5,000 during construction of the house, which has concrete outer walls and includes other safety features such as extra-strong roof ties. 

When Oliver asked the homeowner why he took such unusual precautions, “he just looked at me kind of strange and said, ‘Because we’re in tornado alley,’ “ Oliver reports. “In other words, he perceived his risk differently than everyone else.”

FEMA officials want others also to consider the tornado hazard. “We want people to understand the risks and make a decision on their own whether they want a shelter or not,” he says.

The tornadoes earlier this month have given these shelters their best advertising yet. In a postdisaster speech in Del City, President Bill Clinton urged people rebuilding from the disaster to put in shelters. “We know that lives can be saved under almost all conditions if there is at least one room properly encased and protected with concrete in a house,” he said.

In October 1998, FEMA issued a booklet giving detailed construction plans for these shelters, which cost from $2,000 to $5,000, depending on the construction method and the house. The booklet presents designs developed at Texas Tech University in Lubbock, where engineers have been testing such structures since 1975.

“The whole concept is gaining widespread recognition,” says Ernst W. Kiesling, professor of civil engineering at Texas Tech. “We’re seeing a number of manufacturers getting into the shelter business. We’ll see a plethora of choices out there pretty soon.”

The shelters in the FEMA booklet use either concrete blocks and reinforcing steel bar or plywood and steel sheeting. Texas Tech engineers have checked the safety of these rooms by bombarding them with 15-pound sections of 2-by-4-inch timber, fired out of a cannon at 

100 mph. This simulates the force of debris carried by a 250-mph wind. 

“We knew all along from our research that they would hold up. But until you actually get one tested in nature’s laboratory, there are always some skeptics out there,” says Larry J. Tanner, a Texas Tech engineer who assessed the damage in Oklahoma. “Some people just say you’re only going to be safe under the ground, and we’ve been saying for nearly 30 years that’s just not the case.”

Underground shelters would provide the most protection during tornadoes, says Oliver, but because most houses in tornado alley lack basements, these havens are often located outside. A family hearing the roar of an approaching tornado would have to run through flying debris to reach such a shelter. “We think you ought to be able to get to your shelter without going outside,” he says.

The housing industry has mixed feelings about aboveground shelters, says Jay Crandell, an engineer at the National Association of Home Builders Research Center in Upper Marlboro, Md. Crandell, who contributed to the FEMA document, has concerns that reinforced rooms will drive up the cost of housing. Some jurisdictions, for instance, have considered making such shelters mandatory.

Increased house prices could actually have a negative effect by forcing people to buy older homes, which are less safe overall, Crandell says. 

Strong tornadoes are so rare that an 

average homeowner even in Oklahoma would have to wait several hundred thousand years for an F-4 or F-5 tornado to strike his house. “We’re talking about a small risk compared with other types of risks that we are exposed to. As a matter of fact, there are more people killed by lightning every year than by tornadoes.”

If he lived in a tornado-prone region, Crandell says, he would probably not put in a shelter. “If I had limited dollars, I would probably opt to buy a new car that had better safety features.”

Oliver agrees that a person stands a greater chance of dying in a car crash than in a twister, but he says that fact doesn’t deflate the fears of people in tornado-prone areas. “This isn’t a cost-benefit issue. This is about people who find it difficult to sleep in their own homes without a shelter.” 
n

Ruins of Bartlett’s house surround her shelter.

