books

American Academy of Pediatrics Guide to Your Child’s Symptoms: The Official, Complete Home Reference, Birth Through Adolescence—Donald Schiff and Steven P. Shelov, eds. In an effort to quell parents’ fears—especially novice parents with very small children—this quick reference lists alphabetically almost 200 general ailments and circumstances. It helps readers to understand symptoms and to take appropriate action at home and tells when to call a pediatrician. Originally published in hardcover in 1997. Villard, 1998, 256 p., b&w illus., paperback, $18.95.

Biological Exuberance: Animal Homosexuality and Natural Diversity—Bruce Bagemihl. 

At once thoroughgoing and accessible, Biological Exuberance underscores the diversity of animal behavior. As Bagemihl illustrates, animals are not exclusively heterosexual. The primary emphasis of this book is on mammals and birds, and it describes hundreds of scientifically documented instances of sexual behavior outside of reproduction. The author gives examples of celibacy, transgenderism, and same-sex encounters in a species-by-species catalog making up the second half of the book. This follows chapters discussing the implications of diversity in sexuality. Scholars will benefit from extensive notes. St Martins, 1999, 751 p., b&w photos/illus., hardcover, $40.00.

Charging Ahead—Joe Sherman. Since the mid-1980s, James Worden’s mission has been to produce a lightweight, highly 

efficient, four-passenger electric sedan. Worden’s efforts paid-off in the form of Sunrise: the world’s most advanced electric vehicle, according to this account. Why, then, aren’t these amazing cars ubiquitous? As Sherman reports, Worden’s biggest challenge was not mastering the technology but battling two of the world’s most powerful industries. Both aspects of Worden’s challenge are detailed, and Sherman provides perspective on the state of electric vehicles. OUP, 1998, 224 p., b&w photos/illus., hardcover, $25.00.

Deep Atlantic: Life, Death, and Exploration in the Abyss— Richard Ellis. Little did anyone know even just a few years ago that clams the size of footballs and the “vampire squid from hell” lurked on the deep-ocean floor. However, technology is now allowing researchers to troll the ocean floor at least 5 miles down. Ellis surveys such finds and the history of such exploration, from submersibles such as William Beebe’s bathysphere to robotic diving devices. Originally published in hardcover in 1996. Lyons Pr., 1998, 395 p., b&w illus., paperback, $18.95. 

The Math Behind Wall Street: How the Market Works and How to Make It Work for You—Nicholas Teebagy. For those who have caught stock-market fever but are still intimidated by the parlance of brokers and trade publications, Teebagy offers a crash course in the mathematical concepts that drive the markets. In chapters that address the laws of probability and statistics, he introduces the basics of variability, trends, covariance, and beta. Armed with this knowledge, he feels, amateur traders can better understand how to predict rates of return and minimize risk. FWEW, 1998, 100 p., illus., hardcover, $18.00. 

The Mummies of Ürümchi—Elizabeth Wayland Barber. As an expert in ancient textiles, Barber was summoned to China in 1995 to study a bonanza of recently discovered artifacts. These items accompanied meticulously preserved mummies dating to between 2,000 and 4,000 years ago. While the antiquity is an oddity in itself, even more bizarre is the corpses’ heritage: They were tall, fair-haired Caucasians, not Chinese or Mongolians. Lavish, brightly colored garments adorned the bones alongside tools and baskets. Readers follow Barber as she sifts through the mummies’ belongings and renders opinions about their origins and way of life. Norton, 1999, 240 p., color plates/b&w photos /illus., hardcover, $35.00. 

No More Snoring—Victor Hoffstein and Shirley Linde. At the Sleep, Nose, and Sinus Clinic in St. Michael’s Hospital in Toronto, where Hoffstein is the director, researchers have determined snoring to be not only annoying but also potentially dangerous. Snoring and apnea cause brief arousals that disrupt sleep. A sufferer of either can lose enough sleep to cause drowsiness and irritability. Studies also associate snoring with hearing loss due to the high decibel levels generated. Data about the causes and hazards of snoring and apnea preface options for alleviating the problem.  Wiley, 1999, 185 p., paperback, $12.95.

The Science of Aliens—Clifford Pickover. Drawing on an arsenal of recent discoveries about our own evolution and the life forms present in every crevice of Earth, Pickover surmises about extraterrestrial creatures. Often with his tongue firmly planted in his cheek, he ponders everything  from aliens’ senses to their methods of travel. He also considers what aliens may think of us. For example, if we are to believe that our first contact may be through radio signals à la the Search for Extraterrestrial Intelligence program, then aliens are likely to size us up according to the heavily transmitted Super Bowl or episodes of Baywatch. Basic Bks, 1998, 222 p., illus., hardcover, $21.00.

Letters

Lava flow isn’t hot news

It is difficult to accept as new information Alfred McEwen’s assertion that the Elysium Basin of Mars was formed by lava (“Lava may have sculpted Martian plains,” SN: 11/7/98, p. 295). Low-resolution images of Elysium from Viking identified lava flows there in the early 1990s (Icarus 88, 465-490; USGS Map I-2397).

  Mary Chapman

U.S. Geological Survey

Flagstaff, Ariz.

The Elysium Basin region was indeed described as entirely covered by young flood lavas in the 1990 Icarus paper by Jeff Plescia. However, most workers favored different interpretations, such as lake sediments on top of eroded lava (USGS Map I-2397). The new high-resolution images have dramatically confirmed Plescia’s views. 


Alfred S. McEwen


University of Arizona


Tucson, Ariz.

I disagree with part of McEwen’s idea that the albedo markings represent plates of the lava flow that moved independently. I do agree that the material is almost certainly hundreds of meters thick, but I doubt it would have been liquid or that the entire region would have been active at the same time. For the features observed to be plates would require an exceedingly large (even by Martian standards) volume of lava to be liquid. 

Additionally, it is unclear how sufficient material could have been erupted in the short time necessary. I had estimated that even with values such as occur in the Columbia Plateau, the time necessary would be too long to keep it all liquid to allow for the kind of conditions that McEwen is suggesting. 

A simpler explanation is that these features are either dunes of windblown material or low areas filled in by windblown material.

Jeff Plescia

U.S. Geological Survey

Flagstaff, Ariz.

Mission misdirection

In “Democratizing Science” (SN: 11/7/98, 

p. 298), Mr. Daryl Chubin of the National Science Foundation thinks a university should assess how it serves its local community and should, at minimum, consider making staff available to the public. I thought a university’s mission is to educate students, including any qualifying local students. I know there are many complaints about staff already being distant from actual students; the more “available” the staff is outside the university, the less available it is for the primary function.

I also wonder how accurately the Center for Neighborhood Technology “can predict how much money a household in any half-square-mile zone will spend on transportation.”

Steve Sells

Wichita, Kan.

Send communications to:

Editor, Science News
1719 N Street, N.W.

Washington, D.C. 20036

or scinews@sciserv.org

All letters subject to editing.

Prospects Dim for Live AIDS Vaccine

Creating a live antiviral vaccine requires a delicate balance. The virus used must be sufficiently attenuated, or disabled, so that it doesn’t cause disease. On the other hand, the vaccine needs to be strong enough to rouse the host into making antibodies or special immune cells. Ideally, such a balanced vaccine primes the immune system to kick in when it encounters the targeted disease.

AIDS, however, cares not for the ideal world. Even when stripped of key pieces of DNA to stymie its replication powers, a live attenuated AIDS vaccine can slowly recover its virulence and attack immune cells, scientists report. As a result, the search for a safe live vaccine against AIDS, which started with high hopes in the early 1990s, is sputtering. 

“I think this current approach to generating a live attenuated AIDS vaccine is doomed,” says Ruth M. Ruprecht, a virologist at Dana-Farber Cancer Institute and Harvard Medical School in Boston.

In the February Nature Medicine, Ruprecht and her colleagues present the strongest evidence yet backing that assertion. In a study of rhesus macaque monkeys given attenuated SIV, the simian counterpart to HIV, the vaccine killed off many of the monkeys that received it. 

Despite having three pieces of DNA deleted, the attenuated SIV vaccine proved fatal to 6 of 8 young monkeys that received it—2 others are still alive but have simian AIDS—and killed 5 of 16 adult monkeys. Two other adult monkeys died from unassociated causes.

Of the nine surviving adult macaques, only two appear healthy, now more than 3 years after getting the vaccine, Ruprecht says. The others have various signs of chronic SIV infection, including low immune-cell counts, opportunistic infections, rashes, anemia, a general failure to thrive, and a drop in concentrations of the blood platelets needed for coagulation. 

Although the test vaccine uses live SIV that is missing segments of DNA thought necessary for replication, the virus managed to replicate anyway in most of the monkeys, Ruprecht says.

Meanwhile, a Dutch study of a similar “triple-delete” version of HIV finds that its virus can also restore the ability to replicate. In the February Journal of Virology, Ben Berkhout and his colleagues at the University of Amsterdam report “a dramatic gain of fitness” in their attenuated viruses as they evolved in a test tube. The researchers conclude that the safety of such a vaccine “cannot be guaranteed.”

The findings raise hard questions for a scientific community under pressure to develop an AIDS vaccine for humans.

“With a live attenuated virus, you have to err on the side of safety,” says immunologist David H. Schwartz of the Johns Hopkins Medical Institutions in Baltimore. “This virus has an extraordinary capacity to undergo mutations. 

“For the foreseeable future, these kinds of results put the nails in the coffins of attenuated, live retroviral vaccines,” he says.

The mechanism for recouping virulence remains puzzling. Ruprecht and her colleagues report that the virus didn’t restore the deleted genes. Potency was regained “in some other fashion that’s not clear, which means [the attenuated virus] has intrinsic virulence that, given enough time, reveals itself,” says Schwartz.  

Nevertheless, some scientists haven’t given up on a live attenuated vaccine. “This work shows we don’t have a good [live vaccine] candidate yet to pursue for human trials,” says Margaret I. Johnston of the National Institute of Allergy and Infectious Diseases in Bethesda, Md. “That doesn’t mean we shouldn’t continue to evaluate [live-virus vaccines] with perhaps more deletions in other genes.”

“The question is, if you continue to attenuate [the virus], do you really have a vaccine, or is the virus too weak?” asks Ruth I. Connor, a virologist at the Aaron Diamond AIDS Research Center in New York.

As an alternative to removing large numbers of genes, Ruprecht speculates that genetic pruning of an AIDS virus that would prevent it from targeting immune cells might still result in a safe vaccine.                                      —N. Seppa

Fake sperm fool female butterflies

One of the great puzzles of butterfly sex—why males produce so much junk sperm—may be nearing a solution.

The dud sperm, skinny little strings that have lost their cell nuclei and can’t fertilize anything, may be protecting a male’s reproductive investment. A new study finds that the more this dummy sperm bulks up a female’s sperm storage organ, the longer she waits before seeking a second mate and the less likely she is to bother at all.

The idea that infertile sperm discourage females from remating is old, but “this is the first evidence,” says Penny 

A. Cook of Liverpool (England) John Moores University. In the Feb. 11 Nature, she and Nina Wedell from the University of Stockholm describe tests with green-veined white butterflies, Pieris napi.

Many other species—other butterflies, stalk-eyed flies, fruit flies, and mollusks—produce infertile sperm along with the real stuff. Infertile molluscan sperm grow so huge that the fertile sperm hitch a ride on them.

British scientists Robin Baker and Mark Bellis even proposed a decade ago that human sperm take multiple forms, including kamikazes to destroy leftovers from other men. Cook, however, cautions that “we’re not extending our findings to humans.”

 She and Wedell let butterflies mate, then provided females with a new male each day to allow second courtships. Pairs remain coupled for an hour, so during the 10-day experiment, the researchers dashed around the 36 cages every 15 minutes. Fortunately, the butterflies don’t mate at night.

If a mating began, the scientists interrupted it and checked the sperm store from the earlier mating. They tested the other females at the end of the study. 

From their first mating, all the females had received similar stores of around 1,000 fertile sperm. However, the storage organs held about 1,000 infertile sperm in females who accepted a second male versus 4,000 in females who didn’t.

Cook speculates that infertile sperm amount to cheap knockoffs that ease the physical demands on a male. In adulthood, the butterflies exist on a sort of soda-and-junk-food diet of nectar. Drawing on protein stored from their larval days, the males produce sperm packets as big as their heads for each encounter.

Geoffrey A. Parker of the University of Liverpool, who developed much of sperm-competition theory, rates the new study as “quite good evidence.” For butterflies, he says, “it’s highly significant,” though he warns against generalizing.

 That same caution was voiced by Rhonda R. Snook of the University of Nevada, Las Vegas. She did a similar experiment to see if infertile sperm delay remating in fruit flies. As reported in the December 1998 Animal Behaviour, they don’t.

Snook laments the giggle factor associated with research in this area. Controlling sperm fertility might make a great way to control pest insects or aid inbred species, and insights into fertility might come from the mysterious process that generates two sperm types. “It’s not just a gee-whiz thing,” Snook says.  —S. Milius

Bacteria under ice: Some don’t like it hot

Hordes of bacteria can thrive in the seemingly inhospitable environment underneath glaciers, a region formerly considered devoid of much biology. This finding by glaciologists working in Switzerland could help solve some puzzles of the last ice age and point the way for finding life on other planets.

Bacteria with odd lifestyles have come under increasing scrutiny of late, with most research focused on the so-called thermophilic species, which prefer scalding homes. The new study shifts attention to the other end of the thermometer. “The exciting thing is the idea of pushing the window of acceptable microbial environments a little bit farther open,” comments William H. Schlesinger, a biogeochemist at Duke University in Durham, N.C.

Researchers have previously collected small numbers of bacteria from ice in Antarctica and Greenland, but they could not determine whether these were active microbes or just frozen cells blown in by wind. In contrast, sediments beneath two Swiss glaciers harbor large colonies of bacteria—hundreds of millions of cells per gram of gravel—that appear to be growing at 0°C, according to a report in the February Geology. 

Martin Sharp of the University of Alberta in Edmonton and his colleagues from the United Kingdom began searching for cold-loving bacteria after finding that something was causing chemical reactions beneath the ice of a Swiss glacier. At certain times of year, nitrate showed up in water flowing into the glacier but not in the water exiting from beneath it. In other environments, bacteria are known to break down nitrate. 

Sharp and his coworkers followed up on these findings by taking samples of ice, water, and sediment at two mountain glaciers. Sediments beneath the glaciers contained much larger populations of bacteria than did surface or interior ice, the researchers report.

That finding indicates that the bacteria were growing at the bottom of the glacier and are not contaminants washed in while the scientists drilled through the ice, says Sharp.

Looking at the bacteria under a microscope, the researchers found that many were in the process of dividing, providing further evidence that the microbial colonies are alive and healthy under the ice. The bacteria might break down minerals and plant remains originally buried beneath the glacier or subsequently washed in by water percolating through the ice, says Sharp.

This possibility intrigues climate researchers who can’t determine the whereabouts of more than 150 billion tons of carbon during the last ice age, which peaked 20,000 years ago. Sharp and his colleagues suggest that the northern ice sheets blanketed large quantities of carbon-rich vegetation in the forests and tundra. Glaciologists had formerly rejected this idea because they could find no sign of the pre­ice age forests, but the new results suggest that bacteria could have slowly decomposed such organic matter, Sharp says.

“Some of the assumptions we have made in the past now must be seriously questioned,” says Richard B. Alley, a glaciologist at Pennsylvania State University in State College.

If bacteria can live underneath glaciers on Earth, why not on other planets? The new study, says Sharp, “points out in many ways that the bottoms of glaciers are probably quite good environments from the point of view of bacteria. So, maybe looking at the bottom of the Mar-tian ice sheets would be a sensible place to try if you’re going to look for life on Mars.” 
—R. Monastersky

Microbes flourish under this Swiss glacier.

Lab-grown bladders prove a success in dogs

Foreshadowing a time when a patient’s own cells may be harvested, multiplied, and fashioned into a replacement organ, researchers in Boston have successfully transplanted laboratory-grown bladders into six beagles.

“This is the first demonstration that you can engineer a complete organ and replace the native organ with [it],” says David J. Mooney of the University of Michigan in Ann Arbor, who is attempting to grow artificial livers.

For a century, physicians have replaced diseased or damaged bladders by removing sections of a person’s intestines and shaping them into a substitute bladder. While the procedure offers some relief to patients, complications often develop because nature designed intestinal tissue for a purpose—absorbing nutrients—other than holding urine. “You start absorbing stuff that should be excreted,” says Anthony Atala of the Children’s Hospital in Boston. 

Other physicians have turned to human-made materials to create artificial bladders, but those efforts have also run into problems. Consequently, to build a better bladder, Atala and his colleagues decided to employ the organ’s own cells.

The bladder is essentially a hollow vessel with an outer layer of muscle cells and an inner lining of urothelial cells, which form an impermeable reservoir for urine. While bladder-muscle cells grow readily in the laboratory, urothelial cells have frustrated scientists for many years.

“The big step forward was finding the right soup—the right combination of growth factors—that would make these cells grow,” says Atala. Indeed, he and his colleagues can now take a bladder sample no larger than a postage stamp and, within 6 weeks, grow enough urothelial cells to cover a football field.

To turn the cells into an organ, the researchers first mold biodegradable plastic into a bladder-shaped shell. They then coat the outside with layers of muscle cells and the inside with urothelial cells.

To test this strategy, Atala’s group procured bladder tissue from beagles and grew it into organs. After removing the dogs’ bladders, the investigators implanted the artificial ones derived from the beagles’ own cells. Within a month, the organs began to perform like normal bladders, the researchers report in the February Nature Biotechnology.

 Within 3 months, the plastic shells had degraded, and the transplanted organs were hard to distinguish from natural ones. Blood vessels quickly grew into them. Moreover, nerves seem to form proper connections with the new organs, allowing the dogs to regain normal control of their bladders. Some dogs have had the artificial bladders for nearly a year without any problems.

The beagles’ recovery of bladder control was a pleasant surprise for Atala, who had expected that any dog receiving the artificial organ would need a catheter to drain away urine buildup. People with bladders made from intestinal tissue must use such catheters, he notes.

The new artificial bladders may prove useful for the many thousands of people whose own organ has been ravaged by cancer or damaged by an infection or injury. Even people born with defective bladders might have a healthy one grown from their own cells, says Atala.

While the bladders of dogs closely resemble those of people, Atala cautions that more testing of this transplant strategy must occur before artificial bladders are ready for the clinic. “If you’re a dog with a bladder problem, you may be set, but it’s always a significant challenge to translate things you can do in an animal model to things you can do in people,” agrees Mooney. 
—J. Travis

Depression proves risky for ill hearts

Despair and sadness weigh heavy on the heart. If such feelings attain the status of clinical depression, they literally drag down one’s chances of living out the year after weathering a heart attack, a new study finds.

 Both women and men who exhibit mild to moderate depression while hospitalized for a heart attack are more likely to die over the subsequent year, report psychologist Nancy Frasure-Smith of the Montreal Heart Institute in Quebec and her colleagues.

Previous research on mortality among depressed heart-attack victims has focused largely on men (SN: 10/23/93, p. 263).

“With current cardiac treatment regimens, the prognosis after [a heart attack] is quite good, even for depressed patients,” the researchers assert. “[B]eyond its impact on prognosis, depression results in considerable suffering for patients and families.”

Frasure-Smith’s group studied 283 women and 613 men who completed psychiatric interviews in the hospital while undergoing treatment for a heart attack. Most participants had not experienced more than one heart attack.

A total of 133 women and 157 men cited symptoms of at least mild depression while hospitalized. Most weren’t treated for their depression.

Although women were twice as likely to report signs of depression as men, the depressed members of each sex displayed roughly equal 1-year mortality rates, the scientists note in the January/February Psychosomatic Medicine. About 8 percent of depressed women and 7 percent of depressed men died of heart-related causes in that time, compared with slightly more than 2 percent of their nondepressed counterparts.

The researchers statistically controlled for many other influences on mortality, including age, cigarette smoking, social isolation, and medical problems.

Men most often reported being depressed if they lived alone and were unmarried, Frasure-Smith’s group says. In contrast, women who were unmarried and lived by themselves had the lowest risk of depression.

Men may experience a unique closeness with their spouses, the researchers suggest. Women maintain a wider variety of close relationships, although from a single study it’s unclear whether living alone really benefits them after a heart attack.

In prior studies, depression raised the risk of death from heart-related causes. Future work needs to pin down the size and source of this effect, add psychiatrist Lawson R. Wulsin of the University of Cincinnati and his coworkers in the same journal.                             —B. Bower

Tiny turnstile spits out solo photons

Photons are party animals, compelled by quantum mechanics to roam in crowds. The gregarious habits of these fundamental particles of light have hindered attempts to use them one at a time for tasks such as computing or sending secrets. The challenge has been to guarantee that only one photon arrives on the scene at any given moment. 

A new device made from the semiconductor gallium arsenide, however, forces photons to sally forth one by one. The pillar-shaped component—an exotic light-emitting diode—acts as a turnstile with electrons as tokens, say its inventors at Stanford University, Hamamatsu (Japan) Photonics, and NTT Basic Research Laboratories in Atsugi, Japan. 

Ideally, each electron that enters the component chucks out one photon from the top of the device. The turnstile, described in the Feb. 11 Nature, approaches that goal when operated at a frigid 55 milli- kelvins. It ejects a photon for at least a third of the electrons, timed to a precision of tens of billionths of a second. Unfortunately, the device’s builders note, the photons go off in all directions, making them difficult to capture in an optical fiber and to pipe to downstream circuits.

“If they’re up to 33 percent, that’s a significant breakthrough and improvement,” comments Michael G. Raymer of the University of Oregon in Eugene. If they can further boost that percentage and steer the photons to a useful destination, “then the device would have very important applications in quantum information processing,” he adds.

Quantum computing, for example, attempts to exploit the quantum mechanical nature of tiny particles, such as photons or atoms, to surpass conventional computers in certain tasks (SN: 3/1/97, 

p. 135). After researchers first used photons as bits four years ago, further progress using photons has stalled. One reason is the difficulty of guaranteeing that a photon would be present when needed.

Because the new device provides timed release of lone photons, it may overcome that limitation, says Oliver J. 

Benson, one of the Stanford researchers. Adds Jungsang Kim, also of the Stanford team, the device may also aid the use of photons in secure communications. It would help eliminate  unintended, redundant photons carrying copies of a message. Those copies may allow a spy to pilfer information from extra photons without being detected.

 The researchers are making a new version of the turnstile in a tiny cluster of semiconductor atoms, or quantum dot, hoping to boost photon output and operating temperature.                            —P. Weiss

Each of these microscopic pillars spouts photons one by one, if electrons enter its base.

Supersonic defects have the right stuff

You don’t need to be in a jet or rocket to break the sound barrier. Striking a hard blow on a piece of metal can do the same thing.

Using computer simulations, researchers have found that a structural defect can spread through a material faster than the speed of sound, which is several thousand meters per second in a typical metal. These defects, known as dislocations, arise when deformation of a material forces perfectly aligned planes of atoms to slip past each other. Hitting the family car with a shopping cart, for example, sends dislocations running through the fender, forming a broad dent.

Previously, theorists thought that these dislocations couldn’t break the sound barrier, says Huajian Gao of Stanford University. However, he and Peter Gumbsch of the Max Planck Institute for Metallurgy in Stuttgart, Germany, found that under certain conditions, materials can violate this rule.

The researchers simulated the behavior of atoms in a thin strip of tungsten at temperatures between 10 and 70 kelvins. A sharp blow to the virtual metal initiates a supersonic dislocation, indicated by telltale shock waves left behind. The waves are produced when atoms trailing the dislocation get squeezed together, much as air gets compressed when a jet produces a sonic boom. Gumbsch and Gao report their findings in the Feb. 12 Science.

“People have done simulations before to see if dislocations can propagate supersonically, but they failed,” says Gao. The reason the new one succeeds is that the blow was hard enough to set up a fast initial dislocation. “If you start with a very slow dislocation, you cannot accelerate to a supersonic speed,” he explains.

Supersonic movement of dislocations may play an important role in distortions of steel at low temperatures, Gumbsch says. It may also explain seismic shocks that have been observed to travel faster than the speed of sound.

“I believe all of the work, and I like it,” says Michael Marder, a physicist at the University of Texas at Austin who models cracking in materials. Other computer simulations “assume that dislocations basically creep along and diffuse. It’s significant to show that they can move at speeds comparable to the speed of sound.”

Atomic-scale simulations give researchers an invaluable tool with which to study these phenomena, Marder says. It’s difficult to image micrometer-size defects zipping along in a real crystal, he points out. “Small things that move fast are really a problem.”                        —C. Wu

In this simulated crystal, a dislocation (dark blue) moves through tungsten faster than the speed of sound. It creates the equivalent of a sonic boom, indicated by the feathery trails left in its wake.

Feds plan battle against aliens

Creeping, crawling, tendril-snaking alien species have been invading the United States. Zebra mussels, transplants from Eurasia, thrive so well in the Great Lakes that they shut down power plants by clogging their water-intake valves. In New York and Chicago, Asian long-horned beetles topple shade trees. European leafy spurge is smothering western U.S. farm and grazing land, and Australian pines and Brazilian pepper trees are slurping up Florida’s fresh water.

On Feb. 3, President Bill Clinton signed an executive order to coordinate the federal fight against such exotic invaders. The action establishes no new regulations or policies but creates an Invasive Species Council led by the secretaries of commerce, agriculture, and the interior. The council has 18 months to formulate a comprehensive plan.

It won’t be easy to control invasive species or stem their influx. Introduced species with short reproductive cycles, voracious appetites, or no local enemies can quickly dominate an eco-system. The Nature Conservancy estimates that, next to habitat loss, invasive species pose the direst threat to native populations. Damage and losses due to these aliens add up to about $123 billion a year (SN: 2/6/99, p. 91).

Many alien species hitchhike in cargo and stow away in ships’ ballast water. “Thousands of species are in motion every day in  ballast water,” says marine biologist James T. Carlton of Williams College’s maritime program in Mystic, Conn. Currently, ships are asked to voluntarily exchange their ballast water far out to sea—a stop-gap measure, he says. Research into filtration, ultraviolet radiation, and thermal treatments may reveal a better method to “bake, remove, fry, or otherwise render ballast water as abiotic as possible,” says Carlton. 

International trade treaties, such as the North American Free Trade Agreement, increase the volume of shipments and so add to the risk of introducing pests. It’s important that the Invasive Species Council address trade issues as it coordinates the dozens of federal agencies with a stake in the battle against exotic species, says biologist Daniel Simberloff of the University of Tennessee in Knoxville.

“We need an early-warning system to pick up species when they first become invasive,” says biologist E.O. Wilson of Harvard University.

Even brigades of biologists can’t catch every alien invasion as it happens. “We want to alert fishermen, boaters, highway workers, people who have developed a familiarity with a community of organisms,” says Bob Peoples of the U.S. Fish and Wildlife Service in Arlington, Va.  “When something new shows up, we want them to talk to their state fish and game department.”
    —L. Helmuth

Zebra mussels, voracious Japanese shore crabs, and cholera bacteria have traveled to U.S. harbors in ballast water.

No beginning in sight for star formation

It kept going and going and going....

As far back in time as astronomers can observe, the cosmos was churning out stars at a prodigious rate, a new study reveals. 

Scientists believe that as they peer ever deeper into space and farther back in time, they will eventually come upon the epoch when star formation was not yet in full bloom. However, “we haven’t found that place yet,” says Charles C. Steidel of the California Institute of Technology in Pasadena. “The universe was remarkably consistent [in making stars] for a fairly large amount of cosmic time.”

As far back as 12 billion years ago, when the universe was perhaps 16 percent of its current age, the cosmos was producing stars at a rate about 10 times higher than it does today, Steidel says. The prolific star formation lasted until about 7 billion years ago. Steidel presented his team’s findings Jan. 30  at a cosmology workshop in Chicago.

Moreover, an analysis by another team suggests that the cosmos was making stars just as rapidly when it was even younger, about 9 percent of its current age. Piero Madau of the Space Telescope Science Institute (STScI) in Baltimore and his colleagues report their results on the Internet (http://xxx.lanl.gov/abs/

astro-ph/ 9809058). 

The findings contradict a previous report from a team led by Madau and including Steidel. It counted faint, faraway galaxies in the tiny patch of sky called the Hubble Deep Field, which was scrutinized by the Hubble Space Telescope. The team compared this number with a tally of closer galaxies observed by ground-based telescopes. The scientists calculated that star formation reached its zenith when the cosmos was roughly half its current age and was considerably less at earlier times.

Steidel’s team has now used ground-based telescopes to search a region 200 times the area of the patch of sky viewed by Hubble. The researchers were surprised to find that star formation remained constant throughout the observable early cosmic history. The findings may only apply to relatively bright galaxies since the telescopes Steidel used could not observe galaxies as faint as those as seen by Hubble.

The researchers now assert that the Hubble Deep Field is simply too small a sample of sky to provide an accurate assessment of star formation. Previous observations by Steidel’s team have revealed that massive galaxies in the early universe bunched together tightly (SN: 2/7/98, p. 92). The Hubble field happens to be a region where few galaxies cluster, Steidel suggests.

In a study supporting that assertion, Stefano Casertano and Henry C. Ferguson of STScI and their collaborators counted the number of faraway galaxies in another patch of sky viewed by Hubble. They reported last month in Austin, Texas, at a meeting of the American Astronomical Society that they had found a star-formation rate comparable to Steidel’s and about double that found in the original Hubble Deep Field.  —R. Cowen

Sea Change in the Arctic

An oceanful of clues 

points to climatic 

warming in the 

far North

By RICHARD MONASTERSKY

The first sign that something was wrong came just a few days after the icebreaker Des Groseilliers left Tuktoyaktuk, a port on the Arctic coast of western Canada. Steaming north with a full load of 20 scientists and provisions for 18 months, the Canadian coast guard ship was heading for a date with the Arctic pack ice—the perennially frozen layer that covers the top of the globe like a white skullcap. 

Old hands at polar research, such as oceanographer Miles G. McPhee, expected to meet the ice between 71° and 72°N. That’s where the southern edge of the pack showed up in the 1970s, when McPhee made several trips far into the Arctic. Two decades later, the Canadian icebreaker cruised past 72°N at full speed, with no ice in the water to slow its progress. McPhee, who runs a research company out of Naches, Wash., wondered silently, “Oh my God, where did all the ice go?”

The case of the shrinking pack ice is only one of many climatic conundrums troubling scientists who study the Arctic. In recent years, researchers have discovered myriad signs of changes in the far North, affecting everything from the ocean currents flowing 1,000 meters beneath the ice pack to the howling winds at the top of Earth’s atmosphere. “I think the changes are verging on what could be called dramatic,” says John M. Wallace, an atmospheric scientist at the University of Washington in Seattle.

Some aspects of the shifting Arctic weather resemble the patterns expected from greenhouse warming, leading scientists to wonder whether they are witnessing early warning signs of conditions to come during the next century. The polar regions, especially the Arctic, are regarded as the climatic equivalent of canaries in a coal mine. The poles are the places on Earth most sensitive to global warming. With the canaries looking distinctly wan, the search is now on to determine what has caused their decline.

These are some of the scientific issues that propelled McPhee and his colleagues northward on the Des Groseilliers in the fall of 1997. Following the plans of the $19.5 million international research project, the Canadian icebreaker finally plowed into the pack ice, cut its way to the middle of a large floe, and then stopped its engines at 75°N.

For an entire year, the ship remained frozen amid the ice, dragged 2,800 kilometers on a roundabout course northwest across the Arctic Ocean, a landless expanse of water and ice. Over that time, planes ferried a total of 170 researchers out to the ship in shifts of several weeks to months. The scientific teams fanned out across the nearby ice to collect measurements on how heat shuttles among the ocean, the sea ice, and the atmosphere through the different seasons. They called the project SHEBA, an acronym for Surface Heat Budget of the Arctic.

From the beginning, SHEBA taught investigators to question the prevailing ideas about the Arctic. Proj-ect planners had expected to park the icebreaker amid floes measuring 3 m thick, the kind of ice seen in the 1970s during the last major U.S. Arctic initiative. The SHEBA crew, however, was dismayed by what it encountered in 1997.

“When we went up there, the first problem we had was trying to find a floe that was thick enough. The thickest ice we could find was 1.5 to 2 m,” says SHEBA chief scientist Donald K. Perovich of the U.S. Army Cold Regions Research and Engineering Laboratory in Hanover, N.H.

Once the crew set up the ice station, another startling fact came to light. During the first few weeks of work, McPhee and his colleagues found that the shallow waters of the Arctic Ocean were warmer and less salty than they had been 22 years earlier. This observation implies that a significant quantity of ice had melted during the previous summer, says McPhee’s team, which published the SHEBA finding in the May 15, 1998 Geophysical Research Letters.

More shocks came toward the end of the project in October 1998. “The big surprise of our work was that the ice ended up at the end of the year thinner than when we had started,” says Perovich. The warm winter and long summer of 1988 had shaved off about one-third of a meter from the already thin ice.

SHEBA investigators suggest that some of the changes they saw could have stemmed from the 1997­1998 El Niño in the equatorial Pacific, although this temporary warming can’t explain all the findings. Arctic sea ice has been declining for many years. 

In 1997, researchers from NASA’s Goddard Space Flight Center in Greenbelt, Md., reported that the area covered by sea ice decreased by more than 5 percent between 1978 and 1996. Other satellite measurements of the sea ice have revealed evidence of increased summertime melting since 1979 (SN: 2/21/98, p. 116).

Sea ice is only a thin skin over the Arctic Ocean, but in many ways it serves as the linchpin of the region’s climate and perhaps that of the whole globe. If the pack diminished substantially, climate models predict big changes in the ocean and atmosphere. The reason stems mainly from something scientists call the ice-albedo feedback. 

Because ice is so bright, it reflects more than half the sunlight that hits it during summer. The dark water, by contrast, absorbs 90 percent of the incident sunlight, says Perovich. The existence of the sea ice, therefore, keeps the Arctic Ocean cool by shielding it from solar energy. 

If the ice starts to disappear, according to theory, the ocean will rapidly warm and melt more ice—a potentially runaway process that could strip the Arctic of its protective cap and allow solar energy to stream into the ocean unhindered. This ice-albedo feedback would greatly amplify the effects of greenhouse gas pollution, causing the Arctic to warm much more than the rest of the globe, according to climate models. The Arctic shift would have a domino effect, rerouting ocean currents and weather patterns further south.

Until recently, scientists had little access to the Arctic Ocean, which served as the sparring ring for superpower submarines. With the end of the Cold War and the withdrawal of military forces, scientists started invading the region. Researchers who once sat on opposite sides of the Iron Curtain began sharing data and collaborating on projects. Since 1993, the U.S. Navy has invited oceanographers along on several submarine cruises beneath the ice pack. 

In a strange confluence of climate and current events, the thaw in political tensions a decade ago coincided with an apparent shift toward warmer conditions in the North. Some of the biggest changes have occurred within the Arctic Ocean, an oblong body of water nearly one and a half times the size of the United States. The ocean is divided into four unequal basins separated by three roughly parallel mountain ranges on the seafloor—an arrangement that looks somewhat like an empty TV dinner tray. 

Much of the water in the Arctic comes from the Atlantic Ocean, coursing north 

as a vestigial extension of the Gulf Stream. On the opposite side of the pole, water 

from the Pacific Ocean enters the Arctic via the Bering Strait. As the Pacific water passes through the shallow strait, it loses much of its heat to the atmosphere and consequently grows colder than the Atlantic water. The two distinct types of water meet midway in the Arctic, creating a front much like the kind that separates warm and cold air masses in the atmosphere. 

Water measurements made by Rus-sian and Western scientists indicate that the front between these two types of water bisected the Arctic Ocean for most of the past half-century. From 1949 through the late 1980s, the front generally lined up with a submerged mountain range called the Lomonosov Ridge, which runs from northern Greenland toward eastern Siberia, passing close to the North Pole.

During a scientific submarine cruise in 1993, researchers on board the USS Pargo found that the front had shifted substantially. The warmer, saltier Atlantic waters had pushed further into the Arctic, causing a retreat of the Pacific waters, says James H. Morison of the University of Washington, who participated in the Pargo cruise. 

At the same time, the Atlantic-water layer over the Lomonosov Ridge warmed by 1°C, reaching a temperature not seen in the data going back to 1949, according to a January 1998 report by Morison and his colleagues in Deep-Sea Research Part I.

Other shifts have altered the layered arrangement of water in the Arctic. To understand these divisions, imagine lowering a thermometer and a salt 

meter off a ship in the middle of the Arctic. The uppermost layer of the ocean would be extremely fresh with a temperature near the freezing point. Below that, the instruments would pass through a layer called the halocline, where the water remains cold but grows saltier with depth. Lower still would be a thick region of relatively warm water, so dense with salt that it remains stuck on the bottom, trapped below the fresher, colder layer above. 

 In a series of three submarine cruises during the 1990s, oceanographers witnessed the halocline weakening in the central part of 

the Arctic. Early in the decade, a particularly cold sheet of halocline water straddled the Lomonosov Ridge. By 1995, however, the sheet had disappeared from the European side of this range, 

according to Michael Steele of the University of Washington. He and colleague 

Timothy Boyd of Oregon State Univer-sity in Corvallis reported their finding in the May 15, 1998 Journal of Geophysical Research.

The retreat of this layer could have profound effects, says Steele, because the halocline helps stratify the Arctic Ocean, keeping the warm, deep waters from reaching the surface. “Because there is decreased stratification, there should be enhanced heat transfer from the warm layer up to the surface, and hence thinner ice,” says Steele.

Data collected by British submarines show that ice has been thinning in this region for some time. In 1990, researchers with the Scott Polar Research Institute at Cambridge University in England reported that ice thickness on the European side of the Lomonsov Ridge had decreased by 15 percent between 1976 and 1987. Preliminary analysis of measurements made in 1996 now suggest that the downward trend has continued, says Cambridge’s Norman Davis.

With so many signs of disruptions in the Arctic climate, scientists are looking skyward for answers. The ice pack and even the water beneath it, they suspect, are taking their cues from the pattern of winds that swirl around the edges of the Arctic. “Really, that is where it all starts,” says Steele.

What’s going on in the Arctic may fit into a larger picture that includes much of the globe’s northern half. According to a theory proposed last year, atmospheric pressure tends to fluctuate in seesaw fashion over large parts of the Northern Hemisphere. When pressure increases over the Arctic, it decreases in a donut-shaped ring at the latitude of Washington, D.C. During the reverse part of the irregular cycle, air pressure drops in the Arctic and rebounds in the midlatitudes. Wallace and David W. J. Thompson of the University of Washington called this pattern the Arctic oscillation in the May 1, 1998 Geophysical Research Letters.

Atmospheric temperatures in northern Europe and Asia dance in step with this Arctic oscillation. When the atmospheric pressure sags, air temperatures tend to rise and vice versa, says Wallace, who has tracked data going back to 1900.

For most of the century, the Arctic oscillation shifted randomly from month to month and year to year, with no distinct preference for either extreme. Recently, however, the oscillation has leaned strongly toward low Arctic air pressure and high temperatures in northern Eurasia. The shift started in the early 1970s and intensified in the late 1980s, bringing atmospheric conditions unseen in the century of measurements.

“That’s the link to perhaps some of the other things going on in the Arctic,” says Wallace. As the air pressure drops, the westerly winds encircling the Arctic grow stronger. The winds weaken the ice pack by pulling it apart and opening up watery channels between individual ice floes, says Wallace.

The souped-up westerlies also alter conditions in heavily populated parts of the globe. As they scream over the North Atlantic Ocean, the winds carry more heat downwind onto land. This translates into warmer winters in northern Europe and drier winters in southern Europe. “We’ve seen a strong warming in high latitudes over land in large areas of Russia,” says Wallace. “We’re seeing changes in the circulation that are big enough in winter that people in Europe are noticing them.”

The key question is, What has caused all this change? In a study using computer models of the atmosphere, a team of Rus-sian researchers has found evidence that thinning of the Arctic ozone layer could be driving the shift in the atmosphere. As chlorofluorocarbons and other chemicals eat away ozone, the polar stratosphere cools off. In the Russian model, this cooling effect enhances the westerlies that circle the Arctic and hence reduces the atmospheric pressure there.

Greenhouse gases could also have a hand in the Arctic shift. Carbon dioxide and other heat-trapping pollutants tend to warm the lowest layer of the atmo-sphere—the troposphere—while cooling off the stratosphere above. Researchers at NASA’s Goddard Institute for Space Studies in New York City used a computer model to investigate this split effect of greenhouse gases. They found that the combination speeds up the westerly polar winds, pushing the Arctic oscillation in the direction seen during the past 30 years, says NASA’s Drew T. Shindell.

Wallace thinks there is a good chance that one or both of these human influences could have precipitated the Arctic changes. Yet he cautions against drawing any conclusions. “We have to allow some possibility that this is of natural origin,” as part of a long-term cycle that will eventually reverse, he says. To rule out a natural cause, the Arctic oscillation would have to keep on its present course for another 5 to 10 years, he says.

If that indeed transpires, researchers may not be able to repeat an experiment like SHEBA. With sustained warming and stronger westerlies, the ice-albedo feedback could kick in and rapidly rid the Arctic of its white cover during summer. McPhee and his colleagues raised this possibility last year in their paper in Geophysical Research Letters. In the title, they asked, “Is perennial sea ice disappearing?”

Early in his career, McPhee would have found such a question unthinkable. Now, he says, “I’m starting to wonder whether we’re not going to see it happen.” 
n

At home on the Arctic Ocean: During their year frozen into the ice, scientists on the Canadian ship Des Groseilliers saw temperatures range from a low of -42°C in late December to a high of almost 1°C in July, when substantial melting occurred around the ship.

Three sets of submerged mountain ridges (red) split the Arctic Ocean into separate basins. The SHEBA project studied conditions on the Alaskan side of the Arctic.

Frozen retreat: The edge of summertime sea ice in the Beaufort Sea pulled northward between 1996 and 1998, according to satellite data. Oceanographers are watching closely to see whether the ice withdrawal continues this summer.

AAAS

From Anaheim, Calif., at the 165th national meeting of the American Association for the Advancement of Science
Viruses—just a flush away?

Joan B. Rose conducts what may be described indelicately as toilet science. This pollution microbiologist at the University of South Florida in St. Petersburg is flushing germlike things down toilets, then dispatching round-the-clock monitoring crews to log where these microbes show up and when. It’s a dirty business, but one that is cleaning up confusion over the source of fecal viruses tainting coastal waters and some shellfish.

Fecal viruses have turned up in some 90 percent of the coastal waters that Rose has tested—though usually at low concentrations. The identified germs have been linked not only to gastroenteritis but also to flu-like symptoms (SN: 9/28/96, p. 199), earaches, and even heart disease. 

To probe how the germs got there, Rose employs nontoxic phages—viruses that infect bacteria. The same size and shape as viruses shed in human feces, phages model the transport of their disease-causing brethren. However, because phages aren’t normally detected in open waters, their presence can be traced directly to the experiments.

Rose flushes 100 million or so of these viruses into a septic tank or waste-water injection well; both are small-scale disposal systems that lack waste-disinfection processes and are common in Florida. Then, she waits as the wastes percolate through the ground and into the sea. 

Around Key Largo, she has recovered the septic-tank viruses from nearby canals within just 11 hours of a flush, and in open marine waters, 12 hours after that. These viruses exit relatively shallow injection wells even more quickly. Some reached canals in 8 hours and appeared in the sea within 16 hours. Rose attributes the viruses’ speedy travel, which she has clocked at 35 meters per hour (m/h), to the pumping action of tides around Key Largo. The far smaller effect of tidal pumping and geological factors in the middle Keys hold viral transport there to an average of just 1.7 m/h. However, Rose notes, this is still fast enough to dump excreted viruses into Florida Bay within 76 hours. 

Storms also can speed the viruses along. Last year, during a major rainstorm, she notes, “we were able to demonstrate a significant relationship between [the weather] and the presence of viruses moving out half a mile into shellfish waters that were open to harvesting.” 


   —J.R.

Why old immune systems get creaky

The immune system doesn’t exactly turn gray and wrinkly when a person grows old, but it does gradually lose power.

A major reason for this little-understood decline could be that T cells, the system’s equivalent of attack dogs, are more likely to commit suicide as a person ages. Sudhir Gupta of the University of California, Irvine presented this idea to the AAAS meeting. He and his colleagues published the latest supporting data in the Feb. 15 Journal of Immunology. 

According to Gupta’s new study, T cells from senior citizens are more sensitive than young adults’ cells to tumor necrosis factor­alpha (TNF-a), a molecule that signals “kill yourself now.” In addition to initiating this cellular self-destruction, a process called apoptosis, TNF-a plays a role in inflammation and other immunologic functions.

Analyzing T cells from 15 university students and staffers in their 20s and 15 emeritus professors, ages 65 to 95, the researchers found more abundant receptors for TNF-a in the professors’ cells. Also, retirement-age T cells were faster at activating the enzymes that chop up DNA and other cell parts during apoptosis.

The new study parallels Gupta’s earlier findings. Certain genes, known as Fas, FasL, and Bax, that promote apoptosis become more active in elderly people’s T cells. Meanwhile, activity fades for suicide-prevention genes called bcl-2 and bcl-xL. Designing drugs to shore up old T cells would be tricky, according to Gupta, but he’s not saying it’s impossible.       —S.M.

Earth Science
Did El Niño make societies bloom?

A tiny pond perched near the rim of the Andes has helped geologists decipher when the climatic trickster known as El Niño first started disrupting weather in South America. Their findings provide some support for the idea that El Niño’s appearance helped stimulate the growth of prehistoric societies.

In its modern incarnation, El Niño is an irregular but frequent visitor to the Pacific basin. Every 2.5 to 7.5 years, it warms up the central and eastern equatorial Pacific, bringing rains to Ecuador and Peru. Up in the Andes, these storms wash loose sediment into mountain lakes, providing a means of tracking El Niño’s history, says Donald T. Rodbell of Union College in Schenectady, N.Y.

Rodbell and his colleagues drilled into the bottom of an Ecuadorian lake and pulled up a core of the sedimentary layers deposited over the past 15,000 years. The core has hundreds of light and dark bands, which the team dated using carbon-14 analysis. Dark bands represent sediments rich in the organic remains of vegetation that accumulated between storms. Light-colored layers, poorer in carbon, formed when rains swept freshly eroded rock into the pond.

The banding revealed a fundamental shift in the frequency of rains. Before 7,000 years ago, the storms came only once every 15 to 70 years—a pattern quite different from the modern El Niño cycle, the researchers report in the Jan. 22 Science. The El Niño pattern of storms every few years didn’t start until 5,000 years ago, something hinted at in previous studies. “It supports the argument that prior to 5,000 years ago, there wasn’t El Niño,” says Rodbell.

That timing matches up with the growth of more complex societies in coastal Peru, says Daniel H. Sandweiss, an archeologist from the University of Maine in Orono. Agriculture spread, and people started building temple mounds along the central Peruvian coast. China, Japan, and other places also show cultural shifts at about the same time. The more frequent rains of El Niño, he suggests, triggered societal changes perhaps by spurring agricultural development or disrupting life in ways that allowed new political opportunities.

Don’t give too much credit to El Niño, argues Lisa E. Wells, a geologist at Vanderbilt University in Nashville, Tenn. While the shift in storm frequency may have helped societies, she says, sea level also played an important role. Global sea level steadied about 6,000 years ago, after rising rapidly for thousands of years. Once the spreading seas stopped gobbling up land, river deltas started to form and silty soils covered flood plains. In coastal Peru, “there was no place for them to do agriculture before sea level stabilized,” she says.

Rodbell’s team plans to check its findings by getting equivalent records from other Andean lakes this year. 
 —R.M.

Global warming: No urban myth

Climatologists have long recognized that global temperatures are rising, but some skeptics argue that urban sprawl has created the appearance of warming where none has truly happened. A team of researchers has now dismissed that critique.

Meteorologists are concerned about urbanization because rampant development has surrounded some formerly rural weather stations. As heat-trapping concrete replaces vegetation, temperatures tend to rise at these sites.

Thomas C. Peterson of the National Climatic Data Center in Asheville, N.C., and his coworkers weeded out the urbanization effect. Of the 7,280 stations in a global weather network, they examined measurements made at the 2,290 sites that have clearly remained rural. The average temperatures at these stations increased by 0.8°C since 1880, nearly the same upswing recorded by urban and rural stations combined, Peterson’s team reports in the Feb. 1 Geophysical Research Letters. 


 —R.M.

Pain, Pain, Go Away

Snipping a nerve pathway in the spinal cord 

may bring instant relief

By Sarah Simpson

Cramps burned in her gut. The pain was crippling, despite generous doses of morphine and other narcotics. By late 1995, Diana Rackley had given up eating solid food. Anytime her colon was called upon to do its job, the pain jumped from excruciating to unbearable. 

A 39-year-old mother of two teenage children, Rackley had conquered cervical cancer early in 1994—but at a high price. The radiation treatments that disintegrated the cancer also tore into her colon and bladder. Less than 2 years after fighting off a disease that overcomes many, the victory was killing her.

Then, in January 1996, neurosurgeon Haring J.W. Nauta offered to take the pain away. His colleagues at the University of Texas Medical Branch at Galveston had recently discovered a string of nerves that appeared to carry pain messages from the pelvic organs through a section of the spinal cord known as the dorsal column. In rat experiments, one snip of that tiny nerve bundle had stopped most of the pelvic pain messages from reaching the brain. Rackley agreed to let Nauta try to sever the same connection in her lower back.

The day after her surgery, the pelvic pain was virtually gone, and doctors gradually reduced her doses of narcotics. Her pain remained in check until she died last year of health problems unrelated to the surgery.

“I must say that the medical community at large isn’t really aware of this,” says Nauta, chief of neurosurgery at the Galveston hospital. “Nobody else is doing it, and nobody else has the laboratory backing to feel confident about this.” Since telling Rackley’s story in the March 1997 Journal of Neurosurgery, Nauta has relieved six other patients of intractable pelvic pain.

Proponents of this new technique argue that it has the potential to aid many people afflicted with enduring pelvic pain, but other physicians aren’t so enthusiastic. Critics fear that surgeons and patients alike may be tempted by this seductively simple therapy before enough is known about its side effects. The value of the surgery was recently debated in a series of articles, and new data supporting the technique’s safety was presented at a meeting last November.

The spinal cord, about as thick as an adult’s little finger, is a dangerous place to wield a knife. A cut just millimeters off target could sever nerves descending from the brain that carry signals telling the body what to do. Cutting other ascending tracts of the spinal cord that run through the dorsal column could disrupt any of several kinds of sensory signals on their way to the brain. 

  Some doctors wonder whether patients should risk sensory and motor function for instant pain re-          

 lief. Also, with a nerve pathway  

 severed forever, how will people sense that something new is going wrong in the area that gave them pain? 

Some concerns about the procedure arise because, as Nauta acknowledges, his group’s surgery challenges a century of medical dogma.

Even the most up-to-date textbooks make no mention of the pain pathway that Nauta has been severing in the dorsal column. Rather, medical professors dub this column “the touch pathway,” describing it as a bundle of nerve fibers that route touch and position sensations up the center of the back half of the spinal cord. Pain messages have been thought to travel exclusively along the spinothalamic tract, nerve bundles at the sides of the cord.

Five years ago, however, the Galveston researchers uncovered evidence that the bulk of the pain from the internal organs, or viscera, travels up the overlooked dorsal column, while the spinothalamic tract carries pain messages predominantly from the skin and muscles. Their work paved the way for the spinal surgery that helped Rackley and Nauta’s other patients.

In a broad sense, Nauta’s approach to reducing pain isn’t new at all. Surgeons have been carving up the spinal cord to relieve pain since early in the century. This approach began in 1912, when neurologist William G. Spiller surmised that the tuberculosis tumors pinching the spinal cord of one of his patients must have caused the mysterious numbness on one side of the man’s body. 

Spiller shared this observation with his colleague Edward Martin, and the pair deliberately cut the spinal cord of another patient to alleviate his intractable pain in both legs. They severed what later became known as the spinothalamic tract.

Since then, surgeons have performed hundreds of these so-called anterolateral cordotomies at various points along the spinal cord. While the incisions have offered at least temporary pain relief for many people, they have often interfered with commands for bladder and bowel control or limb movement. 

Surgeons later discovered that it is less invasive and more effective to cut down the center of the cord, where the nerve fibers of the spinothalamic tract cross. This midline myelotomy better 

alleviates pain plaguing both sides of the body, but it’s “basically filleting the cord, cutting it down the middle several inches,” Nauta says. The risk of tearing a blood vessel or knocking out other nerve functions is great.

“We’ve had 100 years or so of this, with these hugely enthusiastic surgeons cutting this and cutting that, and so far, most of [the techniques] have been eventually dropped,” says Patrick Wall, a neurobiologist at St. Thomas’ Medical School in London and founder of the journal Pain. During his half-century of research, Wall says, he’s seen the prevalence of pain surgery decrease not only because of the side effects but also because “people became extremely clever with narcotics.” These drugs often relieve symptoms without any surgery at all.

But even the most clever drug regimens don’t help everyone, says Richard M. Hirshberg. Now retired from St. Joseph Hospital in Houston, Hirshberg is one neurosurgeon who has always believed in using the tricks of his trade to help people distressed by terminal cancer. “These were patients who were in the fetal position, screaming with pain and giving themselves intravenous doses of morphine every 5 minutes,” he recalls.

Hirshberg knew that a handful of surgeons doing midline myelotomies in the 1970s had seen patients become free of gut pain even when they aimed to soothe heart or shoulder pain by cutting high up in the neck. That unexpected pelvic relief first made those surgeons suspect that a pathway other than the spinothalamic tract must also transfer pain signals.

Extremely cautious, Hirshberg went after that unknown route with a very small incision, only about half a centimeter long. He also moved his cut down to belly-button level, an area much safer to disturb than the neck, where involuntary breathing controls are at risk. 

After surgery, all eight of his previously bedridden patients felt significant pain relief until they died of their cancers. By then, Hirshberg was convinced that a visceral pain pathway lurked somewhere in the dorsal column.

In 1994, Hirshberg took his novel hypothesis and the cord removed from his last patient to William D. Willis, an expert on spinal-cord pain pathways and chairman of anatomy and neuroscience at Galveston. In more than 30 years of research, Willis says, he had never seen anything like this. 

“After I talked with Hirshberg—and he seemed to be a very sincere and knowledgeable guy—I called [a mutual colleague] to make sure he wasn’t crazy,” Willis says.

Upon close inspection of the cord, it turned out that Hirshberg’s incision had not even reached into the core, where previous surgeons had expected to find the mysterious pain route. For Karin Westlund High, also at Galveston, that narrowed the search to a small area in the outer, white matter of the cord.

To find the exact pathway, High injected blue dye into a rat’s spinal cord at the spot corresponding to Hirshberg’s cut. Inside the cord, nerve cells, or neurons, receive messages and relay them along their long fibers, or axons, up various nerve bundles to the brain. The dye in the rat’s cord traveled up and down the axons, illuminating the pathway that presumably carries pain signals to the brain from neurons already known to relay signals from pelvic organs.

Meanwhile, Willis’ graduate student Elie D. Al-Chaer was searching for neurons in the rats’ brains that would react to sensory input from the colon. He found them by stretching the colon with a balloon and irritating it with mustard oil—actions that caused a select group of brain neurons to respond wildly. When he cut the dorsal column, however, Al-Chaer practically abolished the neurons’ response.

Hirshberg and the Galveston team published their clinical and laboratory results in 1996. A series of their papers during the next year and funding for the group’s work from the National Institutes of Health were enough to convince the researchers’ colleague Nauta that it was time to design a surgery for patients. That’s when Nauta found Diana Rackley.

“There are millions and millions of articles published every year in scientific journals, but few of them make this jump from the [laboratory] bench to the clinic,” says Al-Chaer. “It was for me like a dream come true.”  

Nauta performs the surgery, which he calls limited myelotomy, by removing a small chunk of protective backbone, no bigger than a postage stamp. With a good view of the cord under a microscope, he uses tiny anatomical landmarks to identify the precise center. He then guides a miniature blade to make a cut 2 mm across the midline and 5 mm deep, being sure to avoid blood vessels.

In his 1997 paper, Nauta noted that Rackley suffered no loss of touch or position sense after her surgery, and he finds the same to be true for his subsequent patients. “We aren’t seeing any deficits that weren’t there before or that weren’t expected as part of the person’s original disease,” Nauta says.

Others aren’t convinced that the surgery is benign. Because Nauta’s patients were already so sick, their underlying symptoms might have masked any side effects of their operations, says Karen J. Berkley, a neurophysiologist at Florida State University in Tallahassee. Cutting the dorsal column may rid patients of more than just pain, she suggests. For example, Berkley’s current research shows that these fibers also carry messages important to reproductive behaviors in rats. 

“That’s why this idea of dubbing this whole system a visceral pain pathway is so upsetting,” Berkley says. “It takes away all these beautiful other functions that it’s probably also involved in.”

This concern becomes personal when she mentions her husband of 30 years, Mark A. Berkley, who died of pancreatic cancer in 1995. For the 6 previous years, he had suffered tremendous abdominal pain. “That pain had such a big impact on his life that if someone had mentioned something like this—and I weren’t his wife—he probably would have done it.”

Berkley fears that the dexterity and motor ability her husband needed for his greatest pleasures—skiing, sailing, and hiking—might have been abolished along with the pain. 

Before giving in to a surgical fix, Berkley suggests that patients should try a variety of other therapies beyond narcotics. Hobbies, art, massage, exercise, nerve stimulation, hypnosis, biofeedback, and support groups are just a few of the pain diversions that she proposes.

Berkley and others who are skeptical of the new pain pathway held a debate with Willis’ group in a series of articles in the Autumn 1998 Pain Forum. Despite various concerns, most of the authors say they are convinced of the surgery’s utility for dying patients. Even Berkley says that if it had been available, she would have suggested the surgery to her husband during the last 5 months of his life.

The surgeons and researchers at Galveston agree that surgery and the permanent blockage of nerve signals in the dorsal column are not ideal. They have already begun testing ways to block the pathway temporarily by injecting morphine into a specific set of cells in the spinal cord. In the meantime, however, the group is not seeing any side effects from the surgery.

Two years ago, Al-Chaer, who now runs his own laboratory at Galveston, brought in a powerful tool to see whether body control is a casualty of cutting the dorsal column. Magnetic resonance imaging (MRI) allows Al-Chaer and his colleagues to study the effects of the surgery on the whole brain of monkeys instead of just the individual neurons they studied in the rats. 

MRI scans of anesthetized monkeys showed certain areas of the animals’ brains increasing their activity when the researchers used balloons to stretch the monkeys’ colons. Al-Chaer then performed operations similar to those Nauta had conducted on his human patients. The areas that had become activated by colon stretching before the surgery did not do so in subsequent MRI scans, indicating that the surgery had stopped the pain signal.

“The surprising and positive outcome of this operation was that there was no loss of function at all in the [four] monkeys we did,” says Al-Chaer, who reported this work at the Society for Neuroscience meeting last November in Los Angeles. Now 7 months past their surgery, the monkeys don’t suffer diarrhea, constipation, or sensory loss in their legs or tails.

The Galveston group had also wondered whether cutting off pain messages from the colon might block signals that make a person hungry or thirsty, but the researchers see no such problem in the monkeys. “These guys have gone 7 months since their surgery, but they’re still gaining weight,” Willis says. “Their nutrition hasn’t been cut off, even though their brains don’t respond to colon distention.”  

What’s more, ongoing studies by other members of the Galveston team show that the dorsal-column pathway may carry pain signals from other organs. The small intestine, pancreas, and esophagus also seem to send their painful cries up the same nerve route as the colon. 

“I would be bold enough to say, after looking at four different organs scattered throughout the viscera, that this is going to be a common phenomenon for all of them,” says High, who is leading the pancreas research.

Expanding the scope of dorsal column surgery may further fuel the concerns of skeptics. Yet Al-Chaer contends that modern medicine employs many methods simply because they work, even if physicians haven’t ruled out all potential side effects. Doctors prescribed aspirin long before all its benefits and risks were known, he says. 

“I think it would be a real shame to postpone using [this surgery] until we understand everything,” he says. “Using it makes us understand it more and more.”                                                           n

For a century, physicians and scientists believed that all pain signals travel up the spinal cord in a nerve bundle called the spinothalamic tract (blue line). New research reveals that cutting a different pathway, called the dorsal column (red line), can relieve pain in pelvic organs, such as the colon.

Surgeons have relieved crippling pelvic pain in some cancer patients by severing a pain pathway in the dorsal column (arrow) of the spinal cord, shown here in cross section.

As indicated by magnetic resonance images, a monkey’s brain shows a stronger response (purple) to colon irritation before (top) than after (bottom) researchers cut the dorsal column of the animal’s spinal cord.

This cross section of a rat’s spinal cord shows nerve cells (blue) clustered around the central area of the spinal cord, known to relay information from pelvic organs. The blue dye traveled up the dorsal column in the cord along the cells’ long fibers, illuminating the route that some pain signals take to the brain.

Technology

Chip uses less DNA and decodes quicker

Genetics laboratories nowadays routinely generate DNA “fingerprints.” These bar-code­like patterns can help determine paternity or criminal guilt, or provide genetic data for scientific studies.

Conventional analysis requires snipping many copies of a DNA strand into pieces of varying lengths and using electricity to force them through a gel—a process known as electrophoresis. It can take an hour to days for the pieces of DNA to traverse the electrophoretic gel and separate into bands according to their length.

Now, scientists at the California Institute of Technology in Pasadena have demonstrated a new microchip that can make such DNA analyses 100 times faster, while requiring samples of only one-millionth as much genetic material. Channels in the rubbery plastic chip conduct molecules, one by one, past a laser.

The device takes advantage of a method developed earlier this decade to determine the length of DNA fragments tagged with fluorescent dyes. Under laser light, the fragments fluoresce according to their length. Such measurements provide a rapid profile of the sizes of the pieces.

“We’ve invented a chip-based, single-molecule method for 

sizing DNA that works on a completely different principle than electrophoresis,” says Stephen R. Quake, who led the research team. In the Jan. 5 Proceedings of the National Academy of Sciences, he, Hou-Pu Chou, Charles Spence, and Axel Scherer report fingerprinting a virus’ DNA cut into 3,000 pieces—just 28-billionths of a microgram—in 10 minutes.

 The device might also speed 

efforts to decipher the entire set of genetic instructions, or genome, of humans or other organisms, the authors say. In particular, it could accelerate mapping, a preliminary step in the process.                                


  —P.W.

Yellow light warns of nerve-gas peril

A Japanese cult’s 1995 nerve-gas attack on the Tokyo subway killed 12 people and injured thousands. The tragic event demonstrated the relative ease of making poison gases, in this case sarin. Detecting these agents poses a formidable challenge.

Researchers at the Johns Hopkins University Applied Physics Laboratory in Laurel, Md., have made a sensor with high sensitivity and unprecedented selectivity for sarin and soman, a related agent, they report in the Jan. 15 Analytical Chemistry.

Amanda L. Jenkins, O. Manuel Uy, and George M. Murray developed a polymer with which they coat an optical fiber’s tip. The coating glows yellow-orange when illuminated by a laser through the fiber. When it encounters and binds to certain chemical derivatives of either of the gases, however, the polymer gives off additional light at a more yellow wavelength.

The polymer was designed to react to versions of the agents that form in water. However, the researchers claim, if the agents are coated with a chemical that alters them in the same manner, the device could also detect them as gases.

The yellow light appears in response to as little as 7 parts per trillion of either agent, well below the concentration at which the compounds have ill effects. Although the sensor requires at least 15 minutes to give a full reading, it produces a detectable response within a minute—”plenty of time for people to put on masks and so on,” Murray says. When tested against certain pesticides and other chemical cousins to the nerve agents, the sensor produced no false positives. 
  

  —P.W.

Laser-lit DNA glows as it travels a groove 5 micrometers wide.

