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The Complexity Advantage: How the Science of Complexity Can Help Your Business Achieve Peak Performance—Susanne Kelly and Mary Ann Allison. In the natural world, complexity theory applies to the ways in which seemingly unrelated, complex systems create order from chaos. A butterfly affecting the weather in Texas by flapping its wings in Brazil is a well-known example. The ever-changing global marketplace and advancing technologies create the same chaos for businesses. By implementing the science of complexity theory in the management of business, Kelly and Allison contend, an organization can continuously redefine itself and maintain a competitive edge. Citibank has already implemented the plan depicted here. McGraw-Hill, 1999, 261 p., hardcover, $24.95. 

Countdown: A History of Space Flight—T.A. Heppenheimer. With the unveiling of classified Soviet and CIA documents, the whole story of the space programs can now be told. It includes feats of both military and space prowess, from the work of the first rocket scientists in wine-cellar laboratories to the walks of men on the moon. The politics of these endeavors reveal interesting agendas. Nikita Khrushchev began his program in order to convince underdeveloped countries of Soviet technological strength. Kennedy countered with a push to the moon facilitated by the CIA and Air Force. Originally published in hardcover in 1997. Wiley, 1999, 398 p., b&w plates, paperback, $17.95.

The New City Gardener: Natural Techniques and Necessary Skills for a Successful Urban Garden—Judith Adam. The obstacles before a city horticulturist include poor soil and the shade of tall buildings. These issues receive due consideration as Adam relates the basics of garden ecology. Virtually every kind of plant adaptable to a city setting gets attention in three core chapters. A closing chapter offers tips for maintaining one’s metropolitan oasis. Firefly, 1999, 224 p., color photos, paperback, $24.95.

Peoples of the Northwest Coast: Their Archaeology and Pre-history—Kenneth M. Ames and Herbert D.G. Maschner. Two scholars with firsthand experience in excavations of the territory between Alaska and Northern California survey the 11,000-year history of the region. Best known for their elaborate carvings of totems and masks, the native peoples there were fundamentally hunter-gatherers. Their ways, however, break from most traditional notions about this lifestyle, which Ames and Maschner assess. The study encompasses warfare, subsistence, art, and changes in the land itself over time. Thames Hudson, 1999, 288 p., b&w plates/ illus., hardcover, $45.00. 

The Skinny on Fat: Our Obsession with Weight Control—Shawna Vogel. After attending a national scientific meeting on obesity research, Vogel began to scrutinize what is a fairly novel pursuit in research labs: determining the molecular and genetic basis of weight. Through careful research, she reports on these elements and the so-called obesity gene. Vogel also covers the ways in which our bodies respond to diet and exercise and the pharmacological means available for controlling weight. The book counterbalances science by discussing cultural trends and assessing the future of weight control. WH Freeman, 1999, 264 p., hardcover, $22.95.

Tornado Alley: Monster Storms of the Great Plains—Howard  B. Bluestein. Long before Hollywood and hobbyists took interest, Bluestein chased tornadoes with primitive instruments. Being a professor of meteorology at the University of Oklahoma, Bluestein has been logistically and professionally at the vortex of a large number of tornadoes. He has experienced as many as nine in one day. His historical account of relevant research includes up-to-date computer modeling and Doppler radar data—the most useful predictor of tornadoes so far. Bluestein’s look inside the physical construction of tornadoes is further illuminated by his amazing up-close photographs. OUP, 1999, 180 p., color/b&w photos/illus., hardcover, $35.00.

Trogons, Laughing Falcons, and Other Neotropical Birds—Alexander F. Skutch. A distinguished ornithologist for the better part of his 95 years, Skutch’s latest effort represents an assortment of his essays depicting the behavior of his favorite specimens. Based in Costa Rica, Skutch’s main fascination centers on neotropical birds. His vignettes, therefore, include soaring kites that catch insects with their feet and not their beaks; the beautiful stubby-beaked trogons, which nest in tree trunks despite their inability to dig very far into wood; and the laughing falcon, which feasts on the snakes that devour the eggs of smaller birds. Texas A&M Pr, 1999, 222 p., hardcover, $29.95. 

Wilderness Navigation: Finding Your Way Using Map, Compass, Altimeter, and GPS—Bob Burns and Mike Burns. For hikers, bikers, and cross-country skiers, Bob and Mike Burns offer a course in plotting your way both the old-fashioned way with a compass and with the newer technology of the Global Positioning System. Explanations of how to read maps  and use a compass lead to instructions for accurately using clinometers and altimeters. A chapter titled “Lost” will help when the other lessons in the book fail. Mountaineers, 1999, 125 p., b&w illus., paperback, $9.95.

Living-Cell Dialysis Works on Dogs

For patients with kidney failure, dialysis machines can sustain life for a while but they can’t save it. While these devices remove many toxins from the blood, their membranous filters don’t catch the tiniest impurities. Nor do the machines produce hormones and enzymes, an essential task of normal kidneys. That’s why a middle-age person with chronic renal failure has less than a 50-50 chance of living more than 5 years on dialysis.

Using a machine that sounds as if it belongs in a science fiction novel, researchers in Michigan have devised a blood-cleansing technique that incorporates living kidney tissue. Their study of the device’s use on dogs, reported in the May Nature Biotechnology, opens up the possibility that such machines might someday aid people.

To test the new dialysis machine, scientists removed the kidneys from 12 dogs. Six dogs then received traditional dialysis. The rest were treated with the new filtration system, which has live kidney cells from pigs growing in a chamber of the machine. Over a 24-hour period, blood tests showed the new method provided the dogs with higher-quality blood than did routine dialysis.

Kidneys filter out toxins and debris in the blood, a process that dialysis duplicates fairly well. Dialysis, however, isn’t as adept at controlling electrolytes in the body, particularly calcium, phosphorus, and potassium ions. These ions can accumulate and alter a patient’s electrolytic balance, says study coauthor William F. Weitzel, a nephrologist at the University of Michigan in Ann Arbor.

By taking up the ions, the living kidney cells in the new machine may help stabilize electrolytic balance and thus metabolism. In particular, the cells controlled potassium well, Weitzel says.

The pig cells in the new machine, which are nourished by the blood from the dogs’ bodies, also yielded signs of restoring other kidney functions.

Vitamin D concentrations in the dogs on the new bio-artificial dialysis were significantly higher than in the other dogs, as were concentrations of glutathione, an antioxidant compound that plays a role in the immune system. The bio-artificial dialysis machine also removed ammonia from the blood more efficiently than did routine dialysis, but not quite as effectively as living kidneys, Weitzel says.

The results indicate that the pig cells are producing the hormones and enzymes that carry out these essential kidney activities. 

“It’s really pretty exciting that these cells . . . would maintain a complex function like that,” Weitzel says. Some of the cells even multiplied.

These advances aren’t great enough in themselves to change dialysis procedures in hospitals today, he notes. The ultimate goal is to do away with dialysis machines. “One can envision an implantable device,” Weitzel says, “[but] we’re a ways away from that.”

Nonetheless, the work “is very exciting,” says David M. Briscoe, a pediatric nephrologist at Harvard Medical School and Children’s Hospital in Boston. This report is the first to suggest that a device using live kidney cells can replace renal function in an animal, he says. However, “it’s likely that it will be some time before we will see a fully functional tissue-engineered kidney,” he concludes.

“This work is a beautiful example of sophisticated targeted research,” says Clark K. Colton of the Massachusetts Institute of Technology in the same issue of Nature Biotechnology. “The system appears ready for human testing.”

Indeed, Weitzel and his colleagues are now considering which patients might gain the most benefit from the new technology. Patients currently on dialysis whose other organs start to fail or who develop septic shock—an abundance of bacterial toxins in the blood—face a high risk of death. The Michigan researchers are currently testing the new dialysis treatment on dogs with septic shock to see if the living kidney cells can allay its effects more effectively than the standard techniques. 
—N. Seppa

Last drop squeezed from recycled tires

Old tires never die. Of more than 265 million discarded each year in the United States, some get shredded and recycled into products such as mulch, mats, and shoe soles. Most, however, end up as litter that clutters vacant lots and landfills indefinitely.

Borrowing from technology related to cotton ginning, scientists at the Department of Agriculture have developed a machine that may reduce the flow of old tires and their parts into landfills. The device will allow “a far greater fraction of the tires to be recycled into something useful,” predicts inventor 

W. Stanley Anthony of USDA’s Cotton Ginning Research Unit in Stoneville, Miss.

In a typical recycling plant, machines chop up tires into pieces that contain rubber, synthetic fibers, and steel. Then they grind up the pieces or freeze and pulverize them. Magnets extract the steel before vibrating wire-mesh filters separate rubber from fiber as best they can. Anthony says that about 15 to 50 percent by weight of an average 9-kilogram tire emerges from this process as a useless rubber-fiber blend, which gets buried in a landfill.

His group’s prototype machine takes that waste, 80 percent of which is rubber, and turns out nearly pure, usable rubber and fiber, Anthony says. The machine mimics cotton-industry equipment that cleans raw cotton of leaves and other plant parts before the ginning separates fibers from seeds. 

The new machine bites into the rubber-fiber waste with rotating, steel-toothed cylinders that push the material against gratings, forcing 97 percent of the rubber off the fiber. The recovered rubber contains only about 1 percent fiber, making it marketable for most uses.

No market exists yet for the fiber, but a preliminary search for customers turned up a Korean textile firm that wanted to buy 36,000 kg, Anthony says. 

The USDA group intends to install two demonstration machines in tire-recycling plants this year.

“If in any way, shape, or form, I can get that equipment in here, I’d love to,” says Max Daughtrey, co-owner and vice president of operations of Four D Corp. in Duncan, Okla. The plant spends up to $8,000 per month to put rubber-fiber waste in landfills.

“I hate to landfill anything,” Daughtrey says. “Why put sellable material in a landfill if you can find a use for it?”   —P. Weiss

Pulverized tire waste (top) yields rubber (bottom left) worth roughly 50 cents per kg when separated from fiber (bottom right) by the new device.

Dust from long ago made Leonid fireballs

Last Nov. 16, the night came cool and clear on La Palma, an island off northern Africa stippled with hills—and telescopes. Frustrated by problems in setting up a camera to monitor the 1998 Leonid meteor shower, Alan Fitzsimmons of Queen’s University in Belfast, Northern Ireland, exited the domed observatory where he was working and looked up. What he saw dazzled him.

More than 100 times brighter than the brightest stars, hundreds of fireballs streaked across the sky. These brilliant meteors—fiery trails generated when dust particles shed by a comet burn up in Earth’s atmosphere—arrived more than 16 hours before the shower’s expected peak. Researchers now calculate that the fireballs observed that night came from centimeter-size dust grains expelled by Comet 55P/Tempel-Tuttle when it passed by the sun 665 years ago—in September 1333.

The Leonid shower takes place every November when Earth passes through debris spread out along the orbit of Comet Tempel-Tuttle. About every 33 years, when the comet passes nearest Earth, observers see a much heavier shower. Last year, observers did see a large number of meteors but the fireballs were the standout. Their intensity and duration indicate that Earth must have passed through a dense, narrow strand of dust. 

The strand has stayed intact for nearly 700 years because of a special relationship between the orbit of the grains and that of Jupiter, assert David J. Asher and Mark E. Bailey of Armagh Observatory in Northern Ireland and Vacheslav V. Emel’yanenko of South Ural University in Chelyabinsk, Russia. They describe their findings in the April 21 Monthly Notices of the Royal Astronomical Society. 

Tempel-Tuttle is one of several comets whose orbit about the sun is in synch with Jupiter’s. For every 14 times that Jupiter swings around the sun, Tempel-Tuttle makes 5 passes. This relationship, called a resonance, also holds true for large dust grains thrown off by the comet and allows Jupiter’s gravity to corral the large grains ejected at different times into distinct, narrow strands. Smaller grains disperse because they are pushed around by the pressure exerted by sunlight.

Asher and his colleagues calculated the motion of dust grains ejected by the comet during its last 42 passes by the sun. They found that an arc of dust from 1333 crossed Earth’s orbit at the hour last November when the fireball number peaked. 

Dust trails associated with other comets in a resonance with Jupiter may show similar fireball activity, Bailey says. Moreover, some strands of dust might stay intact for up to 50,000 years, long after Jupiter has lured the parent comet into another orbit. Indeed, he notes, the 

solar system may contain numerous “orphan strands” capable of generating fireballs without evidence of any comet. 

Donald K. Yeomans of NASA’s Jet Propulsion Laboratory in Pasadena, Calif., says the researchers have demonstrated “that a resonance with Jupiter can preserve the . . . strand of large particles over hundreds of years.” He adds, however, that their argument “would be more compelling” if they could calculate the intensity of fireball activity for previous approaches of the comet.—R. Cowen 

A fireball streak from the 1998 Leonid shower.

Parasites make frogs grow extra legs

In the great mystery of what’s causing deformities among frogs in North America, two new research papers make a parasite, once just a minor suspect, look a lot more suspicious.

For the first time, laboratory tests have shown that a parasitic trematode, a flatworm, can cause tree frog abnormalities ranging from six extra legs to no hind legs at all, say Pieter T.J. Johnson of Claremont (Calif.) McKenna College and his colleagues. In the April 30 Science, they finger Ribeiroia as the villain in ponds in Santa Clara County, Calif.

“This is the first study that has isolated the cause of deformed frogs,” Johnson argues. He doesn’t expect parasites to be the answer everywhere, however.

In the same issue of Science, another team says that a survey of nearly 400 frogs with extra legs, mostly tree frogs from the Pacific Northwest, reveals a malformation pattern typical of parasite damage. Led by Stanley K. Sessions of Hartwick College in Oneonta, N.Y., the researchers maintain that the pattern rules out another suspect, a group of chemicals called retinoids.

Reports of occasional deformed frogs date back centuries, but alarm ignited in 1995, when Minnesota schoolchildren found deformities in almost half the leopard frogs they caught. So far, abnormalities have turned up in 36 amphibian species from 42 states. Scientists have been exploring three major suspects: pollutants such as retinoids, ultraviolet light, and parasites.

While doing an undergraduate project in 1996, Johnson focused on deformed Hyla regilla frogs in four ponds. Collected eggs developed normally in the lab, so he ruled out genetic factors. Water tests detected no obvious pollutants, and he noticed that a troubled pond flowed into one with normal animals. 

Checking 35 local ponds, he found that only his 4 had both tree frogs and a snail notorious as a flatworm host. In the laboratory, Alaria trematodes caused no frog deformities but Ribeiroia did. 

Retinoid researcher David M. Gard-iner of the University of California, Irvine ranks Johnson’s work as “really important because it brings parasites up to the level [of the other hypotheses].” Commenting on the Sessions paper, Gardiner says that he’s not convinced deformity patterns can pinpoint parasite damage, however.

The new work doesn’t faze James G. Burkhart from the National Institute of Environmental Health Sciences in Research Triangle Park, N.C. He studies pollutants in deformity hot spots (SN: 10/11/97, p. 230). Among potential causes nationwide, “I’ve never excluded parasites,” he says. “That just happens not to be what we have” in Minnesota and Vermont.

Nor will the parasite work dampen interest in UV and pollutant research at the Environmental Protection Agency’s Duluth, Minn., office, says Gerald T. Ankley. “It would be premature to say that we’ve solved the problem.”     —S. Milius

Tree frogs may have sprouted extra legs in California because of flatworms.

Does obesity trigger chronic inflammation?

Overweight people show symptoms of chronic, low-grade inflammation—perhaps indicating early atherosclerosis, a major government study finds. 

Dutch epidemiologist Marjolein Visser of the Free University in Amsterdam collaborated with scientists at the National Institute on Aging in Bethesda, Md., to analyze health data from 16,600 U.S. adults. These people had been studied between 1988 and 1994 as part of the third National Health and Nutrition Survey (NHANES III), a massive federal program to measure health indicators in a cross section of the U.S. population.

Visser’s new analysis shows that overweight people are far more likely than lean ones to have excess concentrations of c-reactive protein (CRP) in their blood. Though no one knows what this compound does, it’s generally used as a gauge of inflammation because the body produces it while fighting infections or experiencing other types of inflammation, such as muscle soreness. Moreover, people who show even moderately elevated concentrations of CRP face a high risk of developing heart disease (SN: 6/14/97, p. 374). 

At the Experimental Biology ‘99 meeting in Washington, D.C., last week, Visser reported that obese women were far more likely than equally overweight men to produce elevated concentrations of CRP. Moreover, obese but otherwise healthy women under age 40 were 13 times as likely as lean women to have elevated CRP concentrations. 

Comparably healthy though obese men of the same age were five times as likely as lean men to have high concentrations of CRP, defined as 0.2 milligrams per deciliter of blood or higher. Such concentrations fall well below those usually associated with overt infections or inflammation but within the range that, in other studies, put apparently healthy people at high risk of heart attacks or strokes.

Cardiologist Paul M. Ridker of Brigham and Women’s Hospital in Boston has assayed CRP in middle-age people. Like Visser, he sees higher CRP concentrations in women than in men. In his work, the women most likely to have elevations in this protein are those taking postmenopausal hormone-replacement drugs to restore their hormone concentrations to those typical of premenopausal women. He also finds that obesity seems to increase CRP concentrations.

Over the past year, Ridker has published four studies showing that moderately elevated CRP is a strong predictor of heart attacks and strokes, even when he takes into account known risk factors such as smoking or elevated cholesterol concentrations. In those studies of 

middle-age men and women, CRP often proved most predictive of impending disease in people lacking any other known heart risks, including obesity.

“I’m a little underwhelmed by the NHANES data,” Ridker told Science News. His data indicate that “any traditional coronary risk factor that you pick—smoking, obesity, hypertension, elevated cholesterol—all correlate with [high] CRP levels. Why? Because they all correlate with atherosclerosis, which itself may be inflammatory.” In other words, they all may just reflect the process underlying cardiovascular disease.

Others are less certain that CRP is simply a marker of inflammation. Among such skeptics is Susan K. Fried of Rutgers University in New Brunswick, N.J. She points out that CRP is usually made by the liver in response to a chemical called interleukin-6 (IL-6), which is made by the immune system. Fat cells also produce IL-6, and Fried’s test-tube data show that abdominal fat cells from obese people make more of it than do abdominal fat cells from lean individuals.

Because IL-6 can limit the uptake of fat by fat cells, she says, the excess production of the chemical in obesity may represent the body’s feeble attempt to prevent itself from getting fatter. However, when the IL-6 spills into the blood, she speculates, the liver “may misread the message”—thinking that infection is present somewhere—and begin generating CRP.

Samuel Klein of Washington University in St. Louis, who has studied fat’s IL-6 production in people, also argues that the excess CRP in obese individuals “may stem from their having more fat tissue, not inflammation.” Alternatively, he says, “maybe the IL-6 and CRP are also causing inflammation. It’s possible there is some kind of vicious cycle in this.”

All the researchers agree, however, that CRP elevations are probably not healthy and may point out people who should be targeted for risk intervention. This could start with a recommendation of weight loss or healthier diets and then, if appropriate, of aspirin or cholesterol-lowering drugs. 
—J. Raloff 

More than one way to mutate a cell’s DNA

High-energy particles that zip through a cell can cause dangerous mutations—even if they don’t hit the DNA directly, new research shows. These alpha particles spawn chemicals called free radicals, which in turn damage DNA. This newly discovered mechanism may change how experts estimate people’s risks from exposure to radioactivity.

Radon gas, a breakdown product of uranium that seeps naturally from the ground, accounts for most of the alpha particles that bombard people. Second only to cigarette smoking in causing lung cancer, radon gas results in as many as 22,000 cases, or 12 percent of lung cancers, in the United States each year (SN: 3/7/98, p. 159). 

Until recently, scientists attributed the cellular havoc wreaked by alpha particles to their direct effects on DNA. The relatively large, high-energy particles, consisting of two neutrons and two protons, “come barreling through the nucleus, breaking things left and right,” says Noelle F. Metting of the Pacific Northwest National Laboratory (PNNL) in Richland, Wash. The alpha particles batter the nuclear DNA, knocking out chunks of chromosomes.

To test how alpha particles damage a cell even when they miss its DNA, Tom K. Hei of Columbia University and his colleagues shot the particles through the body of the cell, or the cytoplasm, while carefully avoiding the nucleus. They report their results in the April 27 Proceedings of the National Academy of Sciences.

The exposed cells still suffered mutations, but the damage was more subtle than that caused by direct hits to the DNA. The small mutations resembled damage from naturally occurring free radicals, chemicals that are highly reactive because they either hold an extra electron or are missing one. When the researchers added compounds that scavenge free radicals, the rates of mutation dropped. When they interrupted the cells’ natural defense against free radicals, the mutation rate climbed.

Cells naturally make free radicals, particularly when generating energy. Enzymes continually repair the damage that free radicals cause when they chip away at DNA, Metting says. “[Alpha particles] greatly enhance the background damage that just happens when you’re alive,” she says.

Although free radicals created by alpha particles make only small mutations, they ultimately could do more harm than alpha particles blasting directly through a cell’s nucleus, comments PNNL’s Michael K. Bowman. The reason is that alpha particles hitting the cytoplasm are less likely to kill a cell, so the mutated cell may proliferate into a cancerous tumor. 

The research by Hei’s team showed that twice as many cells survived when the alpha particles bombarded the cytoplasm compared with when they hit the nucleus. 

The new findings will allow researchers to refine models of how alpha particles cause cancer, study collaborator Gerhard Randers-Pehrson of Columbia University says. If both the cytoplasm and the nucleus are sensitive to the particles’ energy, current models may underestimate the effects of low doses of alpha radiation, he says. 
—L. Helmuth

Getting to the root of protein production

As scientists identify greater numbers of natural proteins that have medical and industrial use, they continue to search for efficient ways to produce the molecules in bulk. Investigators have induced bacteria to churn out extra proteins, cloned animals that secrete novel proteins in their milk, and engineered plants to deposit proteins of interest in leaves or seeds.

Now, a research team has made tomato plants that secrete desired proteins from their roots. When such plants are grown hydroponically—in a nutrient-containing solution rather than in soil—researchers can collect the protein of interest from the liquid with relative ease.

“This may really change the economics and feasibility of protein production in plants by allowing you to ‘milk’ them in a way similar to milking a transgenic sheep or goat,” says Ilya Raskin of Rutgers University in New Brunswick, N.J. He and his colleagues describe their new protein production technique in the May Nature Biotechnology.

While roots are best known for drawing nutrients from the soil, Raskin notes that they also secrete various proteins, primarily to protect against bacteria and other disease agents. As scientists unraveled this secretion pathway, Raskin and his colleagues began to wonder if they could exploit it.

The investigators do so by changing the gene for any protein of interest. One alteration eliminates parts of the protein that signal a cell to retain the molecule. A second change adds a few amino acids that tell the cell to secrete the protein. The researchers also place the modified gene under the control of a DNA sequence that makes the gene active only in root cells. Finally, they insert the tailored gene into a tomato plant’s genome.

Raskin’s group made such modifications on three genes and induced tomato plant roots to secrete significant amounts of each gene’s protein. “We haven’t spent any time optimizing the system, and we’re already getting respectable rates of production,” says Raskin.

Tests on the proteins, none of which is of commercial interest, showed that the process didn’t ruin their activity. The researchers are now introducing a gene into tomato plants to make their roots secrete a viral protein used in hepatitis B vaccines. 

Collecting valuable proteins with this new technique wouldn’t involve the harvesting of plants and the laborious, costly task of purifying the proteins from them, notes Robert L. Erwin of Biosource Technologies, a firm in Vacaville, Calif., that makes tobacco plants produce proteins in their leaves (SN: 1/30/99, p. 69). “You can harvest the protein [from the hydroponic solution] on a continual-flow basis. It would reduce what a lot of people have considered some of the disadvantages of transgenic plant protein production,” he says. 
—J. Travis

The roots of tomato plants secrete designated proteins into a solution from which the molecules can be easily collected.

Plants signal stress with a toluene burst

Toluene, a volatile organic compound often used as an indicator of human-made pollution, also emanates from plants, a new study finds. These emissions could confuse efforts to trace pollution from automobiles, factories, and other nonbiological sources.

Scientists at the Research Center Jülich in Germany found that sunflowers and Scotch pine trees give off small amounts of toluene under normal conditions and expel larger bursts under stress. Juergen Wildt and his colleagues report their surprise findings in the May 1 Geophysical Research Letters.

Volatile organic compounds (VOCs) in the atmosphere react with other chemicals to form smog. Globally, plants emit about 90 percent of the VOC concentration in the air, says Alex Guenther of the National Center for Atmospheric Research in Boulder, Colo. In urban areas, however, human-made sources predominate. 

“Emission of other VOCs from [botanical] plants is so large, having another one wouldn’t be a big deal,” says Guenther. However, the more interesting impact would be an undermining of mea-surements that use toluene as a tracer for air pollution generated by people. 

“If toluene indeed turns out to be a significant emission from plants under stress,” says Joost A. de Gouw of the University of Utrecht in the Netherlands, it will “have some implications for the interpretation of measurements of aromatic compounds in the atmosphere.” 

The Jülich researchers monitored toluene emission from a sunflower by enclosing the plant in a plastic bag and periodically taking samples of the gases inside. The scientists found that an empty bag didn’t show measurable toluene, but the sunflower gave off the compound at a rate equal to a few percent of its emission of alpha-pinene, the VOC that gives pine needles their scent. 

Putting stress on the plant turned up its toluene production. When the researchers deprived the sunflower of nutrients, it released more VOCs overall and doubled its discharge of toluene. When the researchers cut off a leaf, the injured plant responded with a VOC surge, in which toluene emission increased to 10 times its original rate.

In tests on Scotch pines, toluene emissions provided an early sign that the plants had been attacked by some unknown pathogen. “The plants were not wounded, did not suffer from insect attack, and were not exposed to high ozone concentrations,” says Jülich’s Michael Komenda. Yet their emissions of VOCs, including toluene, increased to 10 times the amount emitted by a healthy pine. After a few days, the green needles turned yellow from the mysterious ailment.

No one understands how the plants synthesize toluene, but the process is likely to be some kind of defense mechanism, says Guenther. VOCs are responsible for the familiar smells of certain plants, such as the scent of fresh-cut grass (SN: 4/3/99, p. 223).

The idea of toluene-emitting plants remains “slightly controversial,” says de Gouw, but “the experiments seem to have been done carefully.” Guenther agrees. Only further study, they say, can show whether plant toluene has an impact on atmospheric chemistry. —C. Wu

When under stress, sunflowers and other plants emit toluene, a volatile organic compound previously thought to come only from nonbiological sources.

Skate-ing 

to Extinction?

Some long-lived 

fish are facing 

accidental annihilation

By JANET RALOFF

For millions of years, a voracious predator has gracefully patrolled North Atlantic waters. Sinuous undulations propel its disklike body in glides and swoops along the seafloor. Fitted with many rows of teeth, its jaws can make quick work of shrimp, worms, squid, even lobsters. It also dines on herring, menhaden, or any other fish unlucky enough to catch its fancy. 

These large skates, sometimes called rays, are essentially flattened sharks with wings. Though edible—some describe them as tasting like scallops—skates have never been deliberately targeted by U.S. fishers.  Having no serious predators, they existed undisturbed at the top of the marine food chain until the 20th century.

During the past few decades, fishing fleets have intensified their efforts, depleting groundfish stocks throughout the world’s coastal waters. Commercial operations have increasingly invested in large, efficient trawls and dredges. Although this gear is deployed to bring in cod, haddock, pollack, shrimp, or flounder, it scoops up everything in its path as it plows the ocean floor (SN: 10/26/96, p. 268). 

Among the unintended victims of trawling have been skates, especially the spectacularly large barndoor skate, Raja laevis, in the Atlantic off North America. This skate and others also have been unintentionally snagged by baited longlines. Commercial fishing has, in fact, devastated the barndoor skate, scientists recently reported. 

Nearly a century ago, fishing boats plying Georges Bank off Massachusetts could bring in up to 600 skates per day, according to a 1953 U.S. Fish and Wildlife Service bulletin. As late as 1951, one ship reported a cruise during which it landed 146 skates per haul, a quantity that the bulletin reported “works out to about 9 to 10 skates per acre.”

Today, barndoor skates are rarely caught. In some of the areas where trawlers used to routinely haul in 6 to 30 barndoor skates per tow of the net, not a single barndoor is showing up—despite increased rates of trawling with ever more efficient gear. 

Conservationists now worry that the unintentional catch of skates on both sides of the North Atlantic has endangered the barndoor skates and several other species. Today, no regulations limit fishing’s impact on these animals, but that could change soon. 

In March, two organizations independently petitioned the National Marine Fisheries Service (NMFS) to designate the barndoor skate as an endangered species. By June, officials must determine whether sufficient data exist to warrant extending federal protection to this little-understood and largely ignored animal. 

Even if this skate isn’t judged to face imminent extinction, it may still be considered an overfished resource. One of the recent petitions asked NMFS to evaluate this possibility. A positive finding would automatically trigger at least some protection—a move that could bring an uproar from commercial fishing fleets. 

The barndoor skate’s precarious status only came to light when a pair of Canadian biologists published data in the July 31, 1998 Science showing a precipitous decline in landings of the species. If this decline isn’t arrested, “the barndoor skate could become the first well-documented example of extinction in a marine fish,” argued Jill M. Casey of Memorial University of Newfoundland in St. John’s and Ransom A. Myers of Dalhousie University in Halifax, Nova Scotia.

New data of a similarly worrisome trend affecting large eastern North Atlantic skates such as the common skate, Dipturus batis, were presented at a Marine Conservation Biology Institute symposium in Boston 6 weeks ago by researchers from the University of East Anglia in Norwich, England.

Though the overall tonnage of all skates accidentally caught off Britain, Ireland, and the Netherlands has remained fairly constant in recent years, the species-by-species profile of trawlers’ by-catch has been changing. John D. Reynolds and Nicholas K. Dulvy shared this data with the Boston symposium.

Increasingly, common skates and other large species have been disappearing, and small skates have been taking their place. This probably explains, Reynolds notes, why populations of the smallest species, such as the starry rays (Raja radiata), seem to have mushroomed.

A pattern that’s emerging throughout the North Atlantic, he reported in Boston, is that in terms of marine survival, “big is bad—which is obviously relevant to the barndoor.” 

Historical accounts recall trawlers that hauled in barndoor skates measuring up to 6 feet long and weighing several dozen pounds. 

Such catches are now extremely rare. In 26 years of research trawls by NMFS biologists, no 6-footer and only one 5-footer has been captured. It was in 1963, and even this animal appeared to be a juvenile, notes Kathy Sosebee, a NMFS fish analyst in Woods Hole, Mass. 

This February, NMFS researchers again ran a trawl net along the seafloor off the northeastern U.S. coast. Each 30-minute run retrieved about 700 pounds of fish. They typically included 160 skates, of which more than 140 were little skates (Raja erinacea) and only one was a barndoor. The average barndoor that they collected spanned just 20 inches, tip to tail, and weighed a mere 2 pounds. All the 91 barndoors caught during the project appeared to be juveniles. 

On the Grand Banks off Newfoundland, the northern limit of the barndoor skate’s range, the fish has proved even rarer. Research surveys have not reported catching one in about 25 years, says Myers.

Indeed, he notes, though they once inhabited coastal environments to depths of a few hundred feet, the only barndoor skates now known to remain off Newfoundland are at depths of more than a half mile. Members of the Canadian Department of Fisheries and Oceans accidentally discovered the skates while prospecting for new exploitable fisheries. 

Even these depths are now being plied by commercial trawlers. This is unfortunate, Myers adds, because it may shelter one of the few remaining reservoirs of the beleaguered barndoor.

To compensate for heavy predation, most bony fish mature early and produce huge numbers of young. A female striped bass, for instance, can lay 1 million eggs annually. Some of this year’s fry will be ready to take their mother’s place in the breeding stock within 6 to 8 years.

Not so for cartilaginous fish like sharks and skates. Developing in the absence of aggressive predators, they evolved a different strategy. Not only do they grow slowly but they mature relatively late and produce few young —typically a mere 2 to 20 annually. 

The larger these species are, the more slowly they develop. Inhabiting cold waters, as barndoor skates 

do, further retards 

their growth. Indeed, throughout most of their range, female barndoor skates probably bide some 10 to 15 years before producing their first egg. Each female must therefore evade capture by the groundfish fleets for close to 2 decades before it can play a significant role in rebuilding a depleted stock. 

That’s a tall order for fish living in regions where 80 percent of the ocean floor may be trawled at least annually. 

Further compromising the barndoor skate’s prospects is the size of the case that houses each egg. Each rectangular case is large enough to be subject to fishing’s ravages. 

“If you’re going to harvest these species—even as by-catch, as with the barndoor skate—you’ll have to do it at a low level from the get go. Otherwise, you’ll risk a collapse [of its population] within a relatively rapid period, perhaps 10 years,” says John A. Musick of the Virginia Institute of Marine Science in Gloucester Point. That’s worrisome because with this unusual reproductive history, “their ability to recover from overfishing is very limited,” notes the biologist who specializes in cartilaginous fish.

Musick says that sharks face the same threat from overfishing. He’s described an instance where the sand tiger shark became rare locally because it has a lower reproductive rate than other sharks, like the sandbar shark, that are abundant and still drive a fishery. In fact, he adds, “there are precious few places in the world where there is any shark management.”

Ironically, until very recently, “a lot of fisheries biologists didn’t believe you could drive marine species extinct,” Musick notes. Because these fish aren’t penned in and most spawn hundreds or thousands of eggs at a time, the scientists had argued that even heavily overfished populations should rebound once they were offered a little protection. 

Moreover, these biologists had asserted that before a species could be fished to extinction, its stocks would become too uneconomical to harvest—thereby providing a natural check against overexploitation. 

The “fallacy” in such arguments, Musick says, is that in mixed-species communities, fishing may remain economically productive if slowly reproducing species are replaced by high numbers of more quickly reproducing fish. Moreover, if some of the overfished species were never commercially targeted, their depletion would have no effect on the economics. 

“That’s what happened with the barndoor skate,” Musick says. Even as the North Atlantic cod fishery was declining, there were enough of the abundantly spawning fish to fill nets long after the region’s barndoor skates were all but locally exterminated.

Though data on the barndoor skate are rather imprecise, there appears to be little question that its populations have crashed throughout almost all of its natural range, says Elliott A. Norse, president of the Marine Conservation Biology Institute in Redmond, Wash. 

“We’re not talking about it being down by half or even three-quarters,” he says. “It looks like it’s down by 99.99 percent, raising the very real possibility of extinction.”

What disturbs him most is that until the report by Casey and Myers last year, this decline had gone unrecognized. “If we can unintentionally bump off large organisms like this and not even notice,” Norse contends, “something must be very wrong.”

He is not alone in thinking so.

If a terrestrial species had suffered the magnitude of decline seen in barndoor populations, an army of biologists would have launched a campaign to protect it, argues Les Kaufman, a conservation biologist with the Boston University Marine Program. 

The barndoor skate’s population probably bottomed out during the 1970s, he says, but environmentalists didn’t call for the species to be listed under the Endangered Species Act until a quarter century later. 

Since NMFS is charged with managing marine fisheries, Kaufman asks, “why didn’t it ensure that this didn’t get to be a problem?” The delays demonstrate, he says, that when it comes to federal conservation of marine species, “the system doesn’t work.”

Then again, this fish “persists in our waters,” counters Fred M. Serchuk, chief of NMFS’ resource evaluation and assessments branch in Woods Hole, Mass. So, while its populations may total just a fraction of historical levels, “we are probably not dealing with a situation where if we don’t act immediately, the resource will perish.”

Because any move NMFS takes may lead to litigation by commercial fishing operators, it’s important to base any action on solid data and a careful weighing of the options, Serchuk says. 

Such evaluations are now under way. While Kaufman is buoyed by this, he says he finds it distressing that NMFS didn’t act until outside conservation advocates forced its hand with petitions this year. 

The first petition was filed March 5 by Richard Max Strahan on behalf of GreenWorld in Cambridge, Mass. Strahan describes his organization’s goals as developing scientific recovery plans for endangered wildlife and forcing their implementation “through litigation and other forms of persuasion.” 

His group successfully petitioned the federal government to list the northern spotted owl as endangered, a move that ultimately curbed logging on more than 9 million acres of western forests.

Three weeks after GreenWorld filed its petition on the barndoor skate, William R. Irvin and Sonja V. Fordham with the Center for Marine Conservation (CMC) in Washington, D.C., filed a similar petition with NMFS.  

In a separate move, CMC also sent a letter to Commerce Secretary William M. Daley requesting that NMFS, an agency within the Department of Commerce, evaluate whether the barndoor skate has been overfished. Under the 1996 Fishery Conservation and Management Act, NMFS must develop a stock-rebuilding plan for any overfished species.

Indeed, the latter strategy may offer the skate its the best chance of recovery, says Serchuk. If the fish is in dire straits due to fishing, he notes, what better way to protect it than by developing new fishing limits, equipment, or rules?

Some ecologists, like Peter J. Auster, science director of the National Undersea Research Center at the University of Connecticut in Groton, also see the creation of marine reserves—where fishing is prohibited—as imperative to saving the skate. “It’s the most precautionary approach we can have.”

Musick, however, does not rule out the possibility of some technological help. For instance, trawls or other gear might be modified to pass up skates. Or perhaps, Myers offers, fishing fleets might be prohibited from trawling at the ocean floor in prime skate habitat.

Whatever might be done to save the barndoor skate, this fish’s plight should serve as a wake-up call to all people who care about the ocean, Kaufman says. The barndoor probably is not the only slow-growing, nontargeted fish being hammered by trawls and dredges. 

“It’s just the one under the lamp post,” he says. If a spotlight were shined elsewhere, biologists would undoubtedly discover other populations of large fish that are declining, Kaufman adds.

Does it matter if commercially unattractive or obscure species disappear? Absolutely, Kaufman maintains. If skates or their slowly reproducing brethren disappear, he argues, “it will have an effect on the other things that we do care about” for commercial reasons.

These big, flat, sharklike fish are therefore both an indicator of the environment and a potentially key player in it. Kaufman concludes, “We can ignore their fate only at our peril.”  
n

Trawlers, which efficiently scour the ocean floor for groundfish, unintentionally haul in plenty of untargeted fish, including large, slow-to-reproduce skates.

Barndoor skate photographed in the 1970s.

The barndoor skate jackets each egg in its own protective leathery case, about 5 inches long and 3 inches wide. Throughout the 18 to 24 months that the sack incubates on the ocean floor, it’s vulnerable to being scooped up or mashed by trawls. Hatching offers no respite from danger. The 7-inch-long young emerge already big enough to be snared by bottom-trawling nets. 

The Aleutian skate being held by a fisherman in this photo is the barndoor skate’s equivalent in the Bering Sea. Owing to its life history, large size, and frequent capture by ships trawling for pollack, the Aleutian skate also faces a serious risk of being unintentionally overfished.

Plate Tectonics . . . 

on Mars

Magnetic map reveals ancient 

activity on the Red Planet

By RON COWEN

Slipping, sliding, sinking, rising: Earth’s surface is in constant motion. Fragmented into giant sheets of solid rock that glide atop a layer of hotter, more pliable material, the globe’s appearance is forever changing. Where two sheets meet, violent activity ensues. When they crash head-on, mountains arise; where one sheet dives under another, earthquakes may erupt. 

Scientists first proposed this movement, now known as plate tectonics, in 1912, but confirmation didn’t come until the 1960s. Since then, this model has revolutionized understanding of the forces that shape our planet. 

Now astronomers have found evidence that another planet may have undergone a similar series of facelifts. New measurements of Mars’ magnetic field suggest that plate tectonics reigned supreme on the Red Planet—for at least the first half billion years or so of its 4.5-billion-year existence.

The movement of sheets of crust could have been every bit as important on the Mars of long ago as it is on Earth today, says Jack E.P. Connerney of NASA’s Goddard Space Flight Center in Greenbelt, Md. In the April 30 Science, Connerney, Mario H. Acuna of Goddard, and their colleagues describe magnetic activity on Mars observed by the Mars Global Surveyor spacecraft. 

Planetary scientists have contended for more than 25 years that water was once abundant on Mars. Early images had revealed dried-up channels scarring the planet’s surface. 

“If one believes early Mars was wet, then it makes plate tectonics more reasonable,” says Gerald Schubert of the University of California, Los Angeles. “Alternatively, one could turn this around . . . accept plate tectonics, and use this as independent support for a lot of water on early Mars.” 

On Earth, water serves as a natural lubricant that helps keep the sheets of crust in motion. Connerney suggests that water may have played the same role on ancient Mars. 

As the movement of plates dredged up rock from the depths of Mars and brought it back down again, it could have transported both water and carbon dioxide. The recycled carbon dioxide may have generated, or at least helped sustain, a dense, carbon-rich atmosphere early in the history of Mars. This blanket of greenhouse gas could have warmed the planet. Plate tectonics thus would add support to the view that the Red Planet was once a warmer, wetter place with a climate hospitable for life.

An end of plate tectonics on the Red Planet several billion years ago could explain an enduring mystery: If the surface of Mars once had an abundant supply of water, where did it all go? 

Geologist Norman H. Sleep of Stanford University argues that water continually transported to and from the surface as a result of plate tectonics would have been trapped in the planet’s crust after tectonic activity ceased. Little water would have been left on the surface once plate tectonics stopped, he says.

Five years ago, Sleep proposed that plate tectonics could have created the vast lowlands on the northern half of Mars, just as it has formed ocean basins on Earth.

If plate tectonics proves correct, it “explains and unifies the entire geological history [of the Red Planet]. It also will provide a second example to help understand the physics of plate tectonics on Earth,” Sleep says.

Adds Maria T. Zuber of the Massachusetts Institute of Technology, “It’s going to tell us much more about how the core of the planet dumped its heat.” That’s vital, she says, because heat loss from the planet’s interior might explain why the ancient planet was warm enough and its atmosphere thick enough for water to exist on the surface.

“The thermal state of the interior of the planet is something that you really need to understand to get to the early climate history of Mars. It’s a very critical piece of the puzzle,” Zuber says.

The new findings stem from measurements made by a magnetometer aboard Mars Global Surveyor, which has orbited the planet since the fall of 1997.  Unlike visible-light cameras and X-ray and gamma-ray detectors, which probe at or just beneath the surface, a magnetometer senses activity several kilometers below. Shortly after it arrived in Mars’ vicinity, the spacecraft swooped low enough to search for magnetic activity along a narrow band of the planet near the north pole.

Surveyor detected several magnetized patches of terrain, some with fields as strong as 400 nanoteslas, or 1.3 percent of Earth’s field (SN: 10/18/97, p. 246). The most likely explanation for the magnetic features, Connerney noted then, is that they are relics of a global magnetic field active on Mars long ago.

This past January, as part of a maneuver to trim the craft’s elliptical orbit into the circular one designed for mapping the planet, Surveyor dipped down into Mars’ dense upper atmosphere. It got low enough—101 to 110 kilometers above the surface—for the magnetometer to map a vast region called Terra Sirenum. This highland terrain takes up about one-third of the southern hemisphere.

With those observations, “we won the lottery,” says Acuna, leader of the international team of scientists that coordinates magnetic studies on Surveyor. While passing over several strips of land in Terra Sirenum, Surveyor detected buried magnetic fields four times stronger than those it had recorded in the northern region. 

The craft, however, found no sign of a magnetic field in the vicinity of several huge, ancient craters. These include the 8-km-deep, 4,200-km-wide hole in the ground known as Hellas, Acuna and his colleagues note in this week’s Science.

Astronomers believe that these craters formed when chunks of debris pelted the inner solar system some 3.8 billion years ago. As old as these craters are, the global magnetic field that once existed on Mars must have vanished before they formed, Acuna asserts.

Any large impact, he notes, heats rock to temperatures well above 600°C—high enough to erase any magnetic field that metallic particles within the rock might have acquired. If the Martian field was still strong at the time the craters formed, it would have immediately realigned and remagnetized the particles as they cooled. 

The observations over Terra Sirenum thus suggest that the magnetic field—as well as the turbulent conditions required to generate one—lasted on Mars for only a few hundred million years.

“The planet started off very hot and cooled very fast, which you would expect for a small object,” says Acuna. Mars has half the diameter of Earth. 

Scientists believe that the Martian field arose the same way that Earth’s still-active field did, through the action of a dynamo generated by the rise and fall of molten material deep within a rotating planet. 

Knowledge of the duration and strength of the dynamo may ultimately reveal the composition of the Martian core, in particular the relative amounts of iron and sulfur it contains. Too little sulfur, and the fluid might congeal too rapidly to generate a magnetic field lasting for even a few hundred million years. Too much sulfur, and the molten material generating the dynamo would maintain the magnetic field even to the present. 

“The dynamo tells us what was going on inside of Mars,” Acuna notes.

The measurements also date the Martian crust. Areas in which Surveyor detected magnetic fields must be essentially untouched from the earliest days of the planet, 4 billion years ago, when the magnetic field was active. In the southern highlands, “what we’re looking at is the oldest surviving unmodified crust of Mars,” Acuna says.

Dating the age of ancient crust and determining how long the magnetic field lasted on the Red Planet are but two of the feats accomplished by the magnetometer. During its passage over Terra Sirenum, the detector recorded an intriguing pattern that could change forever the way planetary scientists view the history of Mars, Connerney says.

As Surveyor flew over Terra Sirenum, the magnetometer acted like a compass needle alternately pointing north and south. The instrument indicated that Terra Sirenum is divided into several stripes, each about 200 km wide, whose residual magnetic fields point in opposite directions. That same pattern, known as magnetic striping, led geologists in the 1960s to conclude that plate tectonics continually reshapes Earth’s surface. 

Connerney’s interpretation of the striping hinges upon the observation that a dynamo periodically flips the direction of its magnetic field. Earth’s magnetic field, for example, averages several reversals every million years.

The stripes of iron-rich rock on Mars have different magnetic orientations, he argues, because they solidified at different times. Each stripe represents a snapshot of the Martian magnetic field from a different epoch.

So far, so good. But why should the surface exhibit the striping pattern rather than consisting of a jumble of patches with randomly oriented magnetic fields?

To explain the pattern discovered by Surveyor, Connerney introduces the idea of plate tectonics. He suggests that striping arose at ancient Martian sites where neighboring plates of rock slowly pulled apart, allowing molten material from below to rise to the surface and form new crust. If the planet’s magnetic field had flipped its polarity between the times that the old and the new crust solidified, the freshly generated crust would carry a magnetic imprint exactly opposite to that of the plates on either side of it.

“This magnetic imprint that we see is similar to the imprint that we see on Earth where plate tectonics is making new crust in the ocean,” says Connerney. “So we think this is certainly a possible explanation for what we see on Mars.”

If anything, the magnetic data collected by Surveyor is more clear-cut than comparable measurements made on Earth, Connerney adds. “In all the centuries that we’ve been making magnetic measurements on Earth, we’ve never produced a map quite like this,” he says.

Any magnetic map of Earth’s crust, Connerney notes, must contend with our planet’s still-active global magnetic field. That makes it difficult to determine whether a magnetic signal from the crust represents a permanent field—akin to a bar magnet embedded in the rock—or a field induced by Earth’s still-active global magnetic field. 

On Mars today, “there is no global magnetic field,” he says. Consequently, measurements truly reflect a remnant field rather than an induced one. “Clearly, you can do things on Mars that a geophysicist can only dream of doing on Earth.” 

The younger, northern lowlands of Mars show no evidence of striping, and much less of the crust appears to be magnetized, Connerney says. These observations suggest that both the Martian magnetic field and plate tectonics had died away before volcanic activity melted and resurfaced this vast region of the planet.

It’s possible that the fading of the global magnetic field and plate tectonics are intimately linked, Connerney speculates. When the interior lost so much heat that it could no longer power the dynamo, it may also have had too little energy to drive plate tectonics. 

Schubert says he’s skeptical about interpreting the magnetic field measurements as evidence of plate tectonics. He says that Connerney and his colleagues need to consider other models before concluding that Terra Sirenum is composed of elongated sheets of rock that have opposite polarity. 

Moreover, Acuna argues that a process completely independent of plate tectonics could explain magnetic striping. He proposes that stresses or fractures in the crust may account for the pattern. Breaks in the crust could jumble the original magnetic signature and create a new, oppositely directed field. The process, he says, is similar to what happens when a bar magnet is cut in two. The cut ends generate a north pole and south pole opposite in direction to the field of the uncut magnet.   

“These hypotheses are going to take a lot of testing,” comments Zuber, who plans to look for signs of plate tectonic activity in gravity maps compiled from Surveyor data. “What I think is going to hold up is that there is evidence of a dynamo action really, really early in Mars’ history, and then it appeared to shut off rapidly,” she says.

If ancient Mars truly did undergo a period of plate tectonic activity, says Zuber “then it’s a real home run.” 
n

Drawing shows magnetometer (arrow) mounted on the solar panel of the Mars Global Surveyor spacecraft.

Map of Terra Sirenum, an ancient, heavily cratered area in the Martian southern highlands. Magnetic measurements suggest that plate tectonics played a role in forming the region.

Red and blue colors represent reversals in magnetic field direction found in adjacent strips of the Martian crust in a region known as Terra Sirenum. The Mars Global Surveyor spacecraft passed over Terra Sirenum in January, as part of a maneuver to trim the craft’s elliptical orbit into a circular one. 

Astronomy

Black holes go middle class

Astronomers generally accept the existence of two kinds of objects that wield enormous gravitational pull: baby black holes just a few times more massive than the sun and giant black holes weighing as much as a billion suns.

Two groups of researchers now claim to have found a new, intermediate class of these bizarre beasts—black holes 100 to 10,000 times as massive as the sun.

“This is a new mass range that doesn’t have a clear explanation,” says study collaborator Edward J.M. Colbert of NASA’s Goddard Space Flight Center in Greenbelt, Md.

One theory suggests that the midsize black holes arise from the merger of many smaller black holes. In another proposal, middleweights formed outright early in the universe and will ultimately pack on enough mass to become supermassive black holes, like the one believed to lurk at the core of our own galaxy.  

The two teams studied X-ray emissions from galaxies suspected of harboring dense concentrations of matter near their cores. Both groups reported their results in mid-April at a meeting of the American Astronomical Society in Charleston, S.C.

As dust and gas disappear into a black hole, they emit a swan song of X rays. Studying the X-ray spectra with the Japanese satellite ASCA, Colbert and Richard Mushotzky of Goddard found that 10 of 17 nearby spiral galaxies emit a pattern of radiation expected from middleweight black holes. Colbert says that half of all spirals may contain midsize black holes. The team’s survey of elliptical galaxies proved inconclusive.

Andrew Ptak and Richard Griffiths of Carnegie Mellon University in Pittsburgh found the same X-ray signature in the starburst galaxy M82. Starburst galaxies contain many massive stars, which provide the raw material for black holes.

Ramesh Narayan of the Harvard-Smithsonian Center for Astrophysics in Cambridge, Mass., says that the findings are intriguing. However, he cautions that determining the mass of a black hole by studying its X rays is not nearly as accurate as inferring its weight from its tug on neighboring objects.
  —R.C.

Life on Mars: Take two

They’re at it again. The same team that 3 years ago made the controversial suggestion that a 4.5-billion-year-old Martian meteorite contains fossils of tiny bacteria has now announced finding similar fossils in two much younger rocks from Mars.

Using electron microscopy, researchers from NASA’s Johnson Space Center in Houston and their colleagues identified minute spherical and rod-shaped features suggestive of fossils in the Martian meteorites Nakhla, about 1.3 billion years old, and Shergotty, about 180 million years old.

“Because we are finding evidence for fossilized organisms in meteorites with such young ages, it is conceivable that there could still be life somewhere on Mars at the present time,” says study collaborator Kathie Thomas-Keptra of Lockheed Martin Corp. in Houston. Her team announced the findings in March at the annual Lunar and Planetary Science Conference in Houston.

Thomas-Keptra says the possible fossils have much in common with mineralized bacteria found in terrestrial rock known as Columbia River basalt. The spherical and rod-shaped features in the Martian samples are rare but occur in patches, a pattern “highly suggestive of biological activity,” she notes. “Inorganic chemical precipitation, for example, would not likely occur in sporadic, random, colonylike patches.”

John P. Bradley of MVA in Norcross, Ga., and the Georgia Institute of Technology in Atlanta says it’s best to keep an open mind. However, he says that there’s no compelling evidence that these features must be fossils. “The absolutely key prerequisite is to look inside these objects to see if you can see cellular structure,” he says. “In the absence of that, [the scientists are] going to spin their wheels.” 
   —R.C.

Biomedicine

From Washington, D.C., at the Experimental Biology ‘99 conference, a meeting of 26 scientific societies 

Some fats may ward off colon cancer

Diets enriched with any of several sphingolipids—arcane, ubiquitous fats (SN: 5/31/97, p. 342)—appear to offer potent protection against colon cancer, a pair of animal experiments now indicates. Though sphingolipids occur in many foods, the source in these studies was, ironically, “fat-free” skim milk.

Colon cancers develop within crypts, normal pocketlike structures lining the large intestine. Although young cells in the lower half of crypts proliferate, their growth in a healthy animal stops as the maturing cells slowly migrate upward. When this proliferation is abnormally high and it continues even as the cells enter the upper crypt regions, cancer can develop. 

In their new experiments, Eva-Maria Schmelz and Alfred H. Merrill of Emory University in Atlanta fed sphingolipids to mice with this abnormality, called aberrant crypts. In one test, the researchers triggered the precancerous changes with a chemical carcinogen. When these animals later ate sphingolipids for 4 weeks in quantities equal to 0.1 percent by weight of their diet, the proliferation of cells throughout the crypts diminished. Most notably, Schmelz reports, cell-proliferation rates fell by 50 percent to 95 percent in the upper half of those crypts. 

In their second study, she and Merrill fed the same amount of sphingolipids to mice that spontaneously develop colon tumors. These animals model a human hereditary condition that can lead to cancer. Mice that downed the sphingolipid-enriched chow for some 2 months developed during that period only about half as many cancers in their intestinal tract—including the colon—as untreated mice did.

 What’s exciting, Schmelz notes, is that this intervention reverses precancerous changes relatively late in the development of disease. She says that trials in which supplements of the natural fats are given to people could begin within a few years. 
—J.R.

Tuckered out by soccer? Try peanuts

In the days immediately before a strenuous bout of exercise, such as a marathon run, athletes often load their diets with carbohydrates. These foods help build up sugary reserves of energy in the muscle. A new study finds, however, that a little fattening up may prove more advantageous, at least for women. 

Nine female soccer players supplemented their diet for a week with an extra 450 calories worth of fat daily in the form of 2.5 ounces of peanuts. Before succumbing to exhaustion, these trained athletes were able to run about 1.5 kilometers further than when they had eaten their usual fare. The women got no endurance advantage from eating an extra 450 calories of carbohydrates daily, reports Peter J. Horvath, a nutritionist at the State University of New York at Buffalo. 

After a week on each diet—normal, high-fat, or high-carbohydrate—each woman took part in a 90-minute treadmill test designed to simulate the demands of professional soccer play. The trial started with a progressively increasing workload, slowed for a while, then sped up again as if the player were about to score a goal. For the last few minutes, it called on each athlete to spurt at peak intensity.

Horvath points out that when the women were following the high-fat diet and lasted to run the extra distance, they didn’t do it at just any speed. “It was at the highest intensity called for in the workout, a pace of about 14 km per hour,” he says.

In each case, he notes, the women chose to compensate for their high-fat or high-carbohydrate energy supplement by cutting back on an equivalent number of calories elsewhere in the diet. “So, they didn’t increase their overall energy intake,” he says. What changed was the relative share of their calories each day coming from fats versus carbohydrates.

Because women are about 50 percent more efficient at using fat calories than men are, Horvath says, they may reap a selective advantage from this endurance-enhancing strategy. 
—J.R.

Mom’s cells tied to autoimmune ills

Just in time for Mother’s Day comes news that maternal cells linger in a child’s body for years after birth. In some cases, researchers suggest, these cellular mementos of Mom trigger autoimmune diseases in the child.

A few years ago, researchers made the converse discovery: A child’s cells can stow away in a mother for decades after pregnancy (SN: 2/10/96, p. 85). Women with the autoimmune disease scleroderma are more likely to have these persistent cells in their bloodstream than women without the disease (SN: 8/2/97, p. 71). This raises the possibility that the fetal cells somehow interfere with the mother’s immune system.

Now, J. Lee Nelson of the Fred Hutchinson Cancer Research Center in Seattle and her colleagues report that boys with the autoimmune disease lupus have more maternal cells circulating in their bloodstreams than boys without lupus do.

“Bidirectional trafficking of these cells is much more common than anyone ever anticipated,” says study collaborator Diana W. Bianchi of the New England Medical Center in Boston.

Immune-system proteins, which determine whether a transplant patient will accept or reject a donated organ, influence how the body reacts to these foreign cells, Nelson says. In mothers with scleroderma and sons with lupus, the host’s immune system is compatible with, but not identical to, the immune system of the cell source, she finds. Those without the disease showed greater differences between mother and child.

“Maybe autoimmune diseases are not entirely self versus self,” says Nelson. Cells whose immune-system proteins differ only slightly from the host’s may circumvent the body’s first-line defenses but then trigger disease by an as yet unknown mechanism.

Women may both inherit cells from their own mothers and pick up additional cells from each pregnancy. The resulting multitude of interlopers may help explain why women are more likely than men to suffer from autoimmune diseases, Nelson says. 

Mere presence of someone else’s cells isn’t enough to disrupt the immune system, comments Carol Artlett of Thomas Jefferson University in Philadelphia. Based on the new findings and her own research, she estimates that 90 percent of the population harbors foreign cells.
—L.H.

Cells link headache to heart disease 

The head and the heart are more closely connected than even bad poets claim, researchers reported this week. 

Margaret Chandler and her colleagues at the University of Oklahoma in Oklahoma City have demonstrated in two monkeys that nerve cells at the top of the spinal cord can respond both to head and heart stimulation. This area in the monkey’s neck has been known to contain neurons that receive signals from the heart. Out of 19 such neurons tested, 10 also fired when the researchers activated the nerve that communicates with the blood vessel running along the top of the monkey’s brain. In people, this nerve registers headache pain.

A nervous-system link between the head and the heart could account for anecdotal reports of people whose only sign of heart disease is a splitting headache, Chandler suggests. In the September 1997 Neurology, Richard B. Lipton and his colleagues at Albert Einstein College of Medicine in New York reported on two men who developed severe headaches while exercising. Subsequent testing revealed that the men were suffering from heart disease. When the heart disease was treated, the exertion-triggered headaches cleared up.

However, “headaches are not a very sensitive or specific reason to target heart disease,” cautions A. Michael Lincoff of the Cleveland Clinic Foundation. If headaches occur exclusively while exercising, however, a stress test to reveal heart disease might be in order, he says. 
   —L.H.

