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A Colos collage of Colos at work 

reaction is to say, "I think I'll go and 
have a nice cold beer." After such re-
flection, "it becomes a matter of 
elimination, discarding the obvious 
ideas. Then j-wait for the right con-
cept to hit me, something that can 
happen instantly, but sometimes it 
takes a while. If all else fails, I go to 
bed, relying on an old Hungarian 
proverb: 'The night will give you 
counsel.' " 

Once his theme comes to him, 
Colos rummages through his volumi-

steam-belching locomotive ^merges 
from a Goliath's chest, a marbleized 
horse peers through a microscope— 
at man. 

"I myself never understand quite 
how the process works," Colos says. 
"Illustration is like target practice: 
you aim, you shoot—but hitting the 
center of the target, that's another 
story. It may look simple, and some-
times the ideas come easily. But be-
hind them lies twenty or thirty years 
of practice." 
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nous files of photographs, reference 
materials, and stacks of eighteenth 
and nineteenth century engravings, 
pulling forth a phantasmagoria of 
images, some lurid, some humorous, 
many of them arcane or bemusing. 
These he weaves into the fanciful 
friezes that decorate the borders 
of the Thomas essays. Colos's juxta-
positions never fail to tantalize: a 

What does an art director do when 
he needs an artist to interpret an 
essay about bacteria that thrive at 
temperatures of 662 degrees Fahr-
enheit and 265 atmospheres of pres-
sure, 8,700 feet deep in the Pacific? 
(See page 42.) Or when the subject is 
the mysterious ways in which lan-
guage evolves? Or the genetic basis 
for altruism? 

The answer, in each case, is to 
place a telephone call to Francois 
Colos, 50, the Hungarian-born artist 
whose imaginative collages have 
adorned Lewis Thomas's essays from 
the earliest days of DISCOVER. 

When Colos is presented with the 
latest essay and pressed to discuss 
his ideas for illustrating it, his usual 

M a n a g i n g Editor 
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Skeptical Eye 
Blinded by the Light 
This month's column is by Cornell Uni-
versity astronomer Carl Sagan. 

When it was completed in 1948, the 
Hale instrument at Palomar Observa-
tory was the largest optical telescope on 
the planet earth, and a symbol of Ameri-
can prestige. Since then, the telescope 
and its accompanying special facilities 
have been a mainstay of American and 
world astronomy. Quasars—which may 

most comprehensive photographic rec-
ord of the entire northern sky. A spate 
of recent discoveries of asteroids that 
pass very close to the earth—possible 
objectives for future space missions 
and good to know about in an age of 
hair-trigger nuclear weapons—has been 
made at Palomar. 

The Hale telescope, with a collecting 
mirror 200 inches in diameter, is cou-
pled with sophisticated and continually 
upgraded detection equipment to rec-

night glow from San Diego, as seen 
from the Palomar Observatory (inset) 

be the most distant and energetic ob-
jects in the universe—were discovered 
at Palomar. That a massive galaxy can 
serve as a gravitational lens, producing 
more than one image of an even more 
distant object, was discovered at Palo-
mar. The Palomar/Schmidt atlas is the 

ord and analyze the faint light of distant 
stars and galaxies. It has never become 
obsolete. Despite the completion of a de-
fect-plagued Soviet telescope with a 
236-inch mirror, the Palomar instru-
ment, operated by the California Insti-
tute of Technology, has remained, from 
1948 to this day, the largest productive 
optical telescope on earth. 

But now, the astronomy done on Palo-
mar Mountain is seriously threatened 
by, as far as one can tell, concern by af-
fluent San Diegans about their sallow 
nocturnal complexions. Every extrane-
ous photon of light that enters the tele-
scope is a potential source of confusion. 
This is one reason that telescopes are 

situated on remote mountain peaks. In 
1948 the skies at Palomar were agree-
ably dark, and San Diego, 100 kilome-
ters away, was barely detectable. Since 
then the city has grown enormously, as 
has the number of its street lights. 

The present debate is between advo-
cates of low pressure sodium lamps and 
advocates of high pressure sodium 
lamps for San Diego outdoor lighting, a 
matter that you might offhand think 
could hardly be monumental for astron-
omy. But it is. If you drop a pinch of sodi-
um into a flame and examine it with a 
spectrometer, you will find two bright 
spectral lines being emitted by the hot 
sodium. They have wavelengths near 
5,890 angstroms, in the yellow part of 
the spectrum, and are called the Sodium 
D lines. The low pressure lamps also 
emit the Sodium D light, which gives 
them their yellow cast. An intense 
source of background illumination from 
low pressure sodium (LPS) lights means 
that the Palomar astronomers lose 
information around 5,890 angstroms 
wavelength from distant objects. But at 
all other wavelengths the sky remains 
uncontaminated, and research is imped-
ed only slightly. On the other hand, high 
pressure sodium (HPS) lamps, generat-
ing a more flattering peach-colored 
light, emit a continuous spectrum over 
most visible wavelengths. With exten-
sive use of HPS lamps, which San Diego 
now plans, the entire visible spectrum is 
contaminated, and a nearby astronomi-
cal telescope might, for many research 
tasks, be put out of business. 

A number of cities have converted 
to LPS lamps to accommodate nearby 
astronomical observatories, or for eco-
nomic reasons. San Jose (near the Uni-
versity of California's Lick Observa-
tory) expects to save about $1.8 million 
a year in utility bills by using LPS. The 
city of Long Beach is at present saving 
more than $600,000 a year because of its 
LPS. An analysis showing that LPS 
lights will save San Diego comparable 
sums was made by San Diego's own dep-
uty city manager. And LPS lamps cast 
light over wider areas than HPS lamps, 
and are for that reason recommended 
by many law enforcement officials. 
For example, the Long Beach police 
chief "wholeheartedly recommends" 
LPS lamps. (Claims that LPS increases 
the incidence of crime seem to be trace-
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able mainly to a major American corpo-
ration that manufactures HPS lamps 
for domestic consumption, although it is 
happy to sell LPS lamps abroad.) 

So we are faced with the remarkable 
spectacle of the city council of a major 
modern metropolis, in possession of all 
the facts, deciding to hobble the largest 
productive telescope on earth so they 
can illuminate smaller areas at night 
and pay a larger electricity bill. What 
can they be thinking of? San Diego city 
councilman William Mitchell, who has 
championed the fight against low pres-
sure sodium, is quite explicit: "The low 
pressure lights make people look like ca-
davers," he says in a Los Angeles Times 
interview. "Their pukey yellow cast de-
presses a lot of people. It's going to turn 
our technicolor city into black and white 
so they can play with the stars . . . I 
don't want those damn things in San 
Diego, ever. Not for any reason." 

There is no question that complex-
ions appear a bit sallow with LPS 
lamps. Capped teeth may even look 
black. But so far as I know, there is not 
a great deal of nocturnal street carous-
ing in those few affluent San Diego sub-
urbs that have provided much of coun-
cilman Mitchell's support. And apart 
from the utility company and the lamp 
manufacturers, it is hard to see who 
else benefits from HPS. Not to look 
one's best while walking at night from 
the car to the front porch is doubtless 
an inconvenience. But it seems a com-
paratively small price to pay. When as-
tronomers discover new information on 
the size, scale, origin, and fate of the en-
tire universe, we are all beneficiaries. 

That is why the recent 5-4 vote of 
the San Diego city council rescinding 
its previous decision to adopt LPS 
lamps is so puzzling. Is how we look on 
the street in the dark really more im-
portant than saving money, preventing 
crime, and understanding the uni-
verse? As an editorial in the San Diego 
Union remarked, "To ignore this com-
pelling logic and insist on high pressure 
sodium lamps would be to confirm a 
Luddite mentality in San Diego that 
would merit the widespread contempt 
and condemnation it would surely re-
ceive." Perhaps, when the matter is re-
considered at a forthcoming city coun-
cil meeting, a majority will choose 
cosmology over cosmetology. [•] 
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In the News 

Another Solar System? 
On late-summer evenings, the star 
Vega gleams blue-white directly over-
head, just to the west of the Milky Way, 
a familiar sight to astronomers and oth-
er stargazers. In August, Vega sudden-
ly began receiving more than its usual 
share of attention. The heat-sensing 
eyes of the Infra-Red Astronomy Satel-
lite (IRAS) had just detected a ring of 
rocky fragments, perhaps an incipient 
solar system, encircling that bright 
star. In other words, the process by 
which planets formed around the sun 
4.5 billion years ago may be unfolding 
now around a star a mere 27 light-years 
(162 trillion miles) away. The discovery 
cheered those who think that planetary 
systems, and perhaps life, are common 
in the universe. Said Fred Gillett of Kitt 
Peak National Observatory, a member 
of the IRAS team, "We now have some 
evidence that tells us there are probably 

planetary systems around other stars. 
We always thought there could be." 

IRAS has been surveying the infra-
red, or heat, radiation from the universe 
(DISCOVER, April) since its launch in 
January. But its latest discovery—its 
biggest to date—was an accident. Vega, 
twice as hot and 60 times as luminous as 
the sun, is one of several "standard" 
stars that astronomers use to calibrate 
their instruments. When Gillett and 
Harmut Aumann, a scientist at the Jet 
Propulsion Laboratory in Pasadena, 
aimed IRAS at Vega in April, they 
found it radiating much more heat 
than expected. At first they thought 
the excess radiation was coming from 
some unknown galaxy behind Vega, but 
further observations convinced them 
that the star was surrounded by a halo 
of material heated to the temperature 
of minus 300 degrees Fahrenheit. 

The halo, possibly a disc that faces 
the earth, is about 15 billion miles 
across, roughly twice the diameter of 
the solar system. Because dust parti-
cles surrounding Vega would long ago 
have been pulled into the star by gravi-
ty, Gillett and Aumann concluded that 
particles in the disc are larger, at least 
the size of buckshot. And since Vega is 
thought to be only 300 million to a bil-
lion years old—a cosmic youngster— 
Gillett and Aumann suggest that the 
halo could be a young planetary system 
in the throes of evolution. Others, such 
as George Wetherill of the Carnegie 
Institution of Washington, and Richard 
Greenberg of the Planetary Sciences 
Institute in Tucson, contend that the 
ring is more like a super asteroid 
belt, which, if it has not coalesced 
into planets by now, probably never 
will. By the time the sun was Vega's 
age, they argue, the planets had al-
ready formed. 

As earthbound astronomers scram-
ble to their infra-red telescopes to take 
another look at a star they thought 
they knew well, IRAS will look else-
where. The IRAS team plans to search 
for other stars with excessive heat, in 
the hope of turning up more new solar 
systems. But its time is limited. In 
January IRAS will run out of liquid he-
lium coolant for its telescope. Its own 
heat will then overwhelm the faint 
infra-red radiation from distant stars, 
snuffing out its short, but brilliant, 
career. 

Two Steps to Cancer 
Biologists are making headway in their 
attempts to explain how cancer begins 
inside a cell. Last year researchers 
showed that cancers in human beings 
and other animals develop in much the 
same way, controlled by a set of similar 
oncogenes, or cancer-causing genes. 
Now scientists have taken another step 
in describing the process. According to 
three papers in the August 18 issue of 
Nature, it takes more than a single can-
cer gene to produce cancer in normal 
cells. The reports confirm what many 
scientists have long suspected: the can-
cer process requires not just one but 
possibly many changes inside a cell over 
a period of time. They also help explain 
why human cancers usually take years 
to develop. *-»• 

Vega and constellation Lyra rising over Death Valley; inset: IRAS 
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dents of Centralia have seen steam 
billowing out of the ground, coal out-
croppings glowing red in the night, 
fallen trees lying blackened, edged 
white with ash, and lawns collapsing 
into caverns hollowed out by fire. 

Every effort to drown, smother, or 
even contain the blaze has failed. Un-
less the fire is stopped, it could take a 
hundred years to burn out, or a thou-
sand—and it could spread to another 
3,500 acres crisscrossed by seams of 

Nobody in Centralia is sure just 
when the fire began, or how. It 
may have started on its own in 

the 1930s and burned underground for 
years, unnoticed. Or it may have started 
in 1962, when a burning trash heap ig-
nited an abandoned mine near the Odd 
Fellows Cemetery at the edge of town. 

Whatever its origin, the fire under the 
central Pennsylvania community of 900 
has been burning for decades. By this 
summer it had embraced a 195-acre net-
work of coal seams and mine tunnels, its 
heat rising through the earth to wither 
vegetation, its toxic fumes traveling 
through abandoned shafts and seeping 
upward through the fractured earth 
into basements and living rooms. Resi-
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ODD FELLOWS CEMETERY 
PRESUMED ORIGIN OF FIRE 

temperature zone. Right: community activist Larkin 



Looking south on Locust Avenue, with St. Ignatius church in the background 

coal that reach into adjoining hamlets 
and across county lines. In August, 
Centralia's property owners finally sur-
rendered to the fire below. In a referen-
dum, they voted to abandon their home 
and move away,,on the understanding 
that public funds would underwrite re-
location costs. 

The decision came after years of bit-
ter dissension. Says Mary Gasperetti, 
whose basement walls have cracked 
and whose lawn has sunk several feet 
into the ground, "There are people here 
who have grown up together, whose 
parents grew up together, who are not 
even speaking to each other. Some days 
you just wonder if you can cope." 

Yet moving may provide a way to 
convert the mines from a nuisance and a 
hazard into a source of income and ener-
gy. This summer the U.S. Bureau of 

Mines patented a technique called con-
trolled burnout to encourage burning in 
abandoned mines to retrieve their ener-
gy. As a result, Centralia may become a 
laboratory for a new technology. 

The extent of Centralia's problem 
had finally been made clear in July. A 
six-month study of the fire, commis-
sioned by the U.S. Office of Surface 
Mining (OSM), concluded that the area 
of potential danger was more wide-
spread than anyone had suspected. The 
fire, the report said, was not one fire 
but several, ablaze in a maze of coal-
and rubble-filled tunnels that run as 
deep as 500 feet. Mine timber serves as 
kindling; mine shafts and fissures in the 
earth act as flues. Fronts of fire may be 
burning in three veins of coal, and sur-
rounding deposits have been heated to 
the point at which they too could ignite. 

TECHNOLOGY 

One of the fronts is advancing under 
Centralia's main street, and a neigh-
boring vein could endanger the north 
end of town, where people thought 
themselves safe. The fastest-moving 
front is nearing Byrnesville, 1,000 feet 
down the hill to the south, and at least 
two more are heading east. Says Trish 
Catazone, whose house in Byrnesville 
stands just 200 feet from the southern 
front, "I knew all the time we'd be 
endangered, but the people didn't want 
to recognize it. I love living here, but 
if it can't be a normal life, I don't want 
to remain." 

For 21 years, attempts to stop the fire 
have been hampered by lack of money, 
bureaucratic tangles, and opposition 
from Centralians who wanted to believe 
that the fire would burn itself out with-
out disrupting their lives. As with the 
more than five hundred other fires 
burning in coal deposits and waste 
heaps across the United States today, 
the only way to ensure it will be put out 
is to excavate: dig, no matter how deep 
the smoking mine tunnels and smolder-
ing veins of coal reach into the ground, 
remove and extinguish all traces of 
burning rubble, and refill the gaping 
pit. In Centralia that pit would have to 
be several hundred feet deep, which 
would mean removing more than 93 
million cubic yards of coal, rock, and 
earth—as well as every structure and 
every man, woman, and child in the 
area. The cost would be prohibitive: the 
estimate was upward of $663 million, 
more than six times that of previous 
calculations. 

To block the fire on its several fronts 
without the cost of total excavation, en-
gineers have considered building dams 
of rock as long as 4,100 feet and sunk 
nearly 500 feet into the ground. Such 
"trenching" would necessitate remov-
ing only some of the houses. But one 
of those trenches alone, which would 
cost $62 million and isolate the western 
two-thirds of the town, would subject 
people who remained to at least five 
years of round-the-clock blasting, dig-
ging, and dust. 

Experience has shown that other 
methods are ineffectual for a fire like 
Centralia's. When the coal underground 
is burning at 1,000 degrees Fahrenheit, 
water cannot be pumped fast enough to 
quench the combustion, even if enough 
water is available. Flushing—introduc-
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ing a slurry of fly ash or sand through 
boreholes to cut off the oxygen—would 
not smother fires in the steep veins 
under Centralia. Another technique, 
called surface sealing, was tried in Cen-
tralia but abandoned because the fire 
has too many sources of air, both above 
ground and below. 

• By 1983 one thing was certain: unless 
the residents moved out, no method of 
stopping the fire could succeed. At a 
borough meeting just days before the 
August vote, Centralia's state represen-
tative warned that neither Pennsylva-
nia nor the federal government would 
pay for any more interim measures 
(which had already cost nearly $7 mil-
lion), and digging out the fire or cordon-
ing it off with dams would clearly re-
quire relocating the town. 

The events of recent months have 
led Centralians to recall a story 
their grandparents told. Accord-

ing to one version, in the 1870s a priest 
at St. Ignatius church, at the south end 
of town, had been preaching against the 
violence of the Molly Maguires—miners 
who were using terrorist tactics to fight 
the mine owners for improved working 
conditions. One day, in retribution, 
they assaulted the priest; bloodied, he 
dragged himself back to the church and 
tugged on the bell rope. Though it was 
the middle of night, the townspeople 
assembled, only to hear the priest pro-
nounce a curse upon those who had 
been responsible for the crime, and 
their families, and their children—in-
deed, on all Centralia. The village, he 
said, would one day be erased from the 
face of the earth. Only the church 
would remain standing. As it turned 
out, he was remarkably prophetic. The 
church is one of the few sites in Centra-
lia not threatened: it stands on solid 
rock. 

The town's misfortunes began long 
before the fire was discovered in 1962. 
By that time only a few mines had sur-
vived 30 years of declining coal mar-
kets. These were closed by the state, 
which began excavating the presumed 
area of the fire's origin. The money ran 
out and the digging stopped, but the fire 
did not. Unlike most coal in the United 
States, which lies in flat beds, the an-
thracite, or hard coal, of the Appala-
chians is folded into veins that dip 
and rise thousands of feet under the 

Workers examining gas pipeline in a high-temperature zone along Route 61 

A carbon monoxide monitor in the Catazone family's basement in Byrnesville 

A young Centralian bikes past steam venting from the ground 



The 1982 controlled burnout experiment at Calamity Hollow mine, near Pittsburgh 
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earth, sometimes almost vertically. The 
outbreaks seemed to circumvent barri-
ers erected against the fires, perhaps by 
following deeper paths. By 1980, seven 
families had to move because inspec-
tors found carbon monoxide in their 
houses. Nearby boreholes registered 
temperatures as high as 1,000 degrees 
Fahrenheit. 

In houses closest to the fire, the Bu-
reau of Mines installed carbon monox-
ide detectors. When the alarms sound 
(half a dozen times a week in some 
houses) the residents are advised to vent 
the gases by opening their windows—a 
hardship during Pennsylvania's cold 
winters. 

In 1981, all hell seemed literally to 
break loose. On Saint Valentine's Day, 
as twelve-year-old Todd Domboski ran 
across his grandmother's yard, a 100-
foot pit opened up beneath him. A tree 
root stopped his fall, and his cousin 
was able to reach down to pull him out. 
In March, former mayor John Codding-
ton was overcome by carbon monoxide 
and revived at the hospital in Ashland. 
The next month fire rose to the surface 
at Big Mine Run, a mile and a half south-
east of town, and Route 61—Locust Ave-
nue in Centralia—began to crack. 

Some of the townspeople began lob-
bying for government support, and in a 
non-binding referendum that May, the 
town's residents agreed, by atwo-thirds 
majority, that if they got financial assis-
tance they would leave. In the hottest 
section, a 16-acre area near what was 
once called Quality Hill, the OSM sent 
appraisers to 29 properties. Using funds 
from a surcharge on coal mined in 
the United States, the OSM made offers 
to the owners. They accepted, even 
though the appraisals were low because 
they took into account the community's 
deterioration, f 

Many of those who remained clung to 
the hope that the fire would go away. 
Others recognized that the borough was 
doomed. Says Thom Larkin, a fifth-gen-
eration Centralian who was active in 
lobbying for assistance, "The older 
folks will die out, and the younger ones 
with children would have had to move 
anyway for their health. And nobody is 
going to move in." 

Bleak as the immediate consequences 
are, abandoning the town may open the 
way for a technological innovation that 
could provide a long-term boon to Cen-

tralians. Even when a coal bed is com-
pletely worked, an abandoned mine re-
tains at least 50 per cent of its coal. 
With this in mind, the Bureau of Mines 
has proposed producing useful energy 
by creating, in effect, a huge natural 
furnace. This summer, the bureau pat-
ented a technique that would actually 
accelerate the combustion: such con-
trolled burnout could use the fire to pro-
duce heat and electricity at a profit, 
helping to cover the costs of relocation. 
What is more, by fanning the flames, 
controlled burnout could end mine fires 
much sooner than they would die out on 
their own. 

Last year, in a full-scale trial of the 
technique at Calamity Hollow, 
near Pittsburgh, a smaller mine 

fire proved both controllable and ex-
tremely productive. In just a one-acre 
fire zone, the coal remaining in the mine 
was forced to temperatures as high as 
1,800 degrees Fahrenheit. The hot gas-
es, drawn through a four-foot-wide ex-
haust pipe lined with brick and'a layer of 
water, can drive a steam-turbine electri-
cal power plant—providing enough en-
ergy to light a hundred houses. 

In a controlled burnout, according to 
Robert Chaiken, the Bureau of Mines 
researcher who developed the process, 
a 350-horsepower motor operating an 
exhaust fan can draw the hot products 
of combustion from as much as 30 acres 
of underground mine workings through 
a single point at a rate of 25,000 cubic 
feet per minute. Air feeds the fire 
through natural fractures and crevices 
in the ground, and through specially 
drilled inlets. The fire travels in the di-
rection of the fresh air supply, and 
burns out when the coal has been com-
pletely consumed. Because fumes from 

the fire emerge only through the ex-
haust fan, they are easily controlled. At 
Calamity Hollow, the process netted 20 
times the energy needed to power the 
system. 

Moreover, when anthracite is burned 
completely, its by-products—carbon di-
oxide and water—are harmless. Any 
impurities, such as sulphur, can be re-
moved at the single exhaust point. 
Nothing in the system goes to waste: it 
can also be used to burn above-ground 
waste banks, leaving an iron-contain-
ing residue that can be used as gravel 
or to fill abandoned mines. And the mo-
bile generating system can be moved to 
other fire sites. 

The quality of life in Centralia may 
already have disintegrated, like the 
earth beneath the town, and still the 
coal burns on. That coal, estimated at 
60 million tons, is one of the largest 
stores of anthracite in the United 
States. And the borough is one of the 
few in the country to own the mineral 
rights beneath it. If Centralia can re-
main an entity on paper—regardless of 
whether the people disperse, or relo-
cate as a unit to a nearby town, as some 
neighboring villages have proposed— 
then those rights could remain with the 
borough. The legal issues have only be-
gun to be examined, but authorities 
suggest there is no reason that this 
"Centralia" could not lease the mines 
underneath its former borclers to com-
panies that are willing to use controlled 
burnout to generate power. 

If so, Centralians stand to make a for-
tune. But for those affected, that is too 
far ahead to look. Says Mary Gas-
peretti, "Right now I don't care about 
money. I just want to get out. It is 
enough that I had to grow up with the 
fire. My children should not have to." ® 
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PACIFIC LIFE 
STRUGGLES IN A 
WARMING SEA 
Scientists look to El Nino to show 
how life in the ocean survives 
through rich and poor years alike 
by THOMAS LEVENSON 

In good times, the trawlers fishing out 
of Paita, Peru, carry with them a 
flock of noisy freeloaders—sea gulls 

that hitch a ride out to the fishing 
grounds. The gulls wait on the rigging 
until deck hands pull up the huge seines, 
corralling tons of anchovies, then swoop 
in to seize a poacher's share of the catch. 
In ordinary years the tiny silver fish 
provide meals enough for both birds 
and people, but since last November the 
gulls have had to look to town dumps for 
their dinners, while the Peruvians have 
simply become poorer. When El Nifto— 
a stream of warm western Pacific wa-
ter—reached the Peruvian shore, the 
anchovies vanished. 

As the ocean warming persisted 
through the spring and early summer of 
1983, biologists discovered that the dis-
appearance of the anchovies was mere-
ly an early manifestation of a serious 
biological upset that extended from 
Chile to southern Alaska, and west as 
far as the central Pacific. Commercial 
fish stocks off Peru disappeared over 
the winter. Huge bird colonies on is-
lands from the equatorial Pacific to the 
North American coast gave up breed-
ing (see box, next page), and many birds 
starved to death. 

Some marine mammals suffered as 
well. Elephant seal pups in California 
perished in winter storms, and this 
spring the fur seal young on the Galapa-
gos Islands died of hunger when the fish 
disappeared from surrounding waters. 

But while El Nifto was claiming its vic-
tims, ecologists watched in fascination 
as species rearranged their living pat-
terns in order to survive. For scientists, 
the shake-up provided a living laborato-
ry in which they could examine the 
workings of the ecosystem in and near 
the ocean. Says Richard Barber, a ma-
rine biologist at Duke University, "El 
Nifto is a natural experiment." 

The present El Nifto began during 
the summer of 1982, when the trade 
winds that blow out of the east failed. 
These trades usually push the surface 
waters of the Pacific into a bulge on the 
western edge of the ocean where it 
heats up; when the winds die, that heap 
of warm water sloshes back east along 
the Equator. In the 1982-1983 El Nifto, 
the warming reached the South and 
Central American coasts by late Sep-
tember, and by April 1983 it had raised 
surface temperatures there by 18 de-
grees Fahrenheit. During the winter, 
warm water had spread north and 
south through the temperate zones, 
causing drastic changes in weather in 
North and South America. 

Effects in the ocean were even more 
traumatic. "When El Nifto changes the 
density and structure of the Pacific 
waters," says Barber, "everything 
changes." Peru, he points out, suffered 
the impact of a classic El Nifto. The rich-
ness of Peruvian coastal seas depends on 
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the flow of nutrient-laden cold water 
(from decomposing organisms as they 
sink deeper into the ocean) from below 
the top layer of the ocean. This replaces 
surface water in which marine life has al-
ready used up the available nutrients. 
But El Nifio increases the depth of the 
warm surface stratum. Thus, though a 
coastal upwelling continues, the water 
rising to the surface generally comes 
from this warm, nutrient-poor layer. 

The missing nutrients would have 
supported microscopic plants called 
phytoplankton, the base of the food 
chain upon which most marine life de-
pends. The 1982-1983 El Nino off Peru 
saw a drop in phytoplankton to less than 
5 per cent of the normal population. 

Commercial fisheries were affected 
immediately. Hake, deep-water fish, 
followed the sinking cold layer of the 
ocean, and soon were out of reach of 
fishermen's nets. The shallow-swim-
ming anchovies, together with the sar-
dines and jack mackerel, were pushed 
by the encroaching warm water into a 
narrowing coastal band of cool, plank-
ton-rich water. When that band disap-
peared, the fish had no source of food, 
and most of them vanished. The jack 
mackerel and the anchovies were de-
pleted by January, and in April the sar-
dine catch went to zero. 

Once the fish were gone, the species 
that live off them were forced to look 
elsewhere. Guanay cormorants and Pe-

ruvian boobies that normally nest in 
Peru appeared as far north as Panama 
Bay, where, says Neal Smith, an orni-
thologist at the Smithsonian Tropical 
Research Institute in Panama City, they 
"hung around looking as if they were 
waiting for something." Penguins and 
seals were seen heading south to Chile. 

The distress brought by El Nifio does 
not necessarily mean disaster for a spe-
cies. Says Paul Smith, a National Ma-
rine Fisheries Service biologist based in 
La Jolla, California, "The populations 
all have the ability to recover. This is a 
normal event—species have seen Nifios 
all through history." 

The more a species depends on phy-
toplankton, the more sensitive its 

Barren cliffs of Southeast Farallon Island, usually covered with birds in breeding season 

FAMINE ON THE FARALLONES 

Unseen and largely unknown to Cal-
ifornians, the fog-shroudecl Faral-
lon Islands rise sharply from the 

sea just 27 miles off the Golden Gate. 
The barren, broken chffs appear utterly 
inhospitable to the few sailors who ven-
ture near the shores. In contrast to the 
bleakness of the islands, the fertile Pa-
cific teems with fish, plankton, and 
squid—food enough for the 300,000 sea 
birds that breed on the Farallones each 
spring. Twelve species gather here in 
enormous, screeching flocks to court, 
build nests, and fledge some 150,000 
chicks. 

Not this year. Even here, 2,500 miles 
north of the Equator, El Nifio's warm 
currents have wreaked havoc on the 
birds' food supply and reproductive cy-
cles. The last report from the islands 
was dismal: fewer than 15,000 chicks—a 

mere tenth of the normal number—sur-
vived to take their first flight. 

"There have been plenty of bad years 
in the past, but this is the worst .we've 
seen in fifteen years of research," says 
Bob Boekelheide, a biologist from the 
Point Reyes Bird Observatory. Boekel-
heide and his colleagues at the observa-
tory have monitored the Farallon birds 
almost continuously since the islands 
were put under the protection of the 
U.S. Fish and Wildlife Service in 1972. 
Their long experience in observing bird 
behavior gives weight to their conclu-
sion that at least part of the blame for 
this year's disastrous breeding season 
lies with El Nifio. 

The first effects appeared last win-
ter, when the mainland beaches were 
littered with hundreds of carcasses 
of black-and-white pigeon guillemots 

killed by the ferocious storms that ac-
companied El Nifio. The survivors did 
not come ashore to breed until J u l y -
four months late—and then they simply 
sat on their nests, laying no eggs. 

For other species that did lay eggs 
and hatch chicks, the most telling clue 
to El Nifio's influence was a change 
in their diet. "The food web just didn't 
get the right kick in the pants," says 
Boekelheide. "There were no northwest 
winds, and the water stayed warm 
through the summer." The effect on 
fish was calamitous. Juvenile rockfish, 
usually abundant near by, virtually dis-
appeared, and birds that usually eat 
them had to hunt longer and farther 
afield, finally settling for anchovies. In 
ordinary years, many species, such as 
Cassin's auklets and common murres, 
feed for weeks at a time on huge shoals 
of tiny pink shrimp called euphausids. 
But this year the birds were able to 
eat shrimp for only a couple of weeks, 
and the crustaceans Boekelheide found 
were only half their normal size. 

Sensitive to the disruption of their 
food supplies, most birds failed to fledge 
any chicks at all. Pelagic cormorants did 
not even bother to nest. Brafidt's cormo-
rants, says Boekelheide, "will raise as 
many as fifteen thousand chicks on 
Southeast Farallon Island in a good year. 
This year there are, oh, about ten chicks 
on the whole island." Common murres 
managed to lay about 20,000 eggs—half 
the number of last year—but only a third 
of those hatched. Murres whose eggs did 
not hatch left the rookeries, creating 
wide gaps between the remaining nests; 
without the constant protection of sur-



response-and-recovery cycle becomes. 
Anchovies are a prime example. "An-
chovies live about three years, and 
spawn vigorously when they can—a 'life 
in the fast lane' approach," says Bar-
ber. "This makes them vulnerable to ex-
treme conditions." But when the phyto-
plankton regenerate, anchovies can 
usually repopulate their range. 

Higher up the food chain, larger fish, 
birds, and mammals, which produce 
fewer offspring in any given year but 
live longer, react to El Nifio with less vi-
olent swings in their numbers. When 
conditions turn sour, they can forgo 
breeding for a year and try to hang on 
until life gets easier. Some, like the refu-
gee Peruvian boobies in Panama, gave 

up early in El Nifio. "Twice in their 
breeding cycle, the birds need more ra-
tions than usual," explains the Smithso-
nian's Neal Smith. "Once when they are 
producing eggs, and again when their 
chicks need feeding. The boobies caught 
enough fish to begin producing eggs, 
but then didn't lay them when they got 
the cue that the situation was not going 
to be good enough to raise chicks." 

In several areas the threat of famine 
became so severe that some marine 
mammals—for whom a single offspring 
is an enormous and jealously guarded 
investment—also threw in the towel. 
Fur seal mothers, fishing in the deplet-
ed waters off the Galapagos Islands, 
were unable to nurse their young. Even-

tually, they left the pups to starve. 
The huge bird colonies on Christmas 

Island, 1,200 miles south of Honolulu, 
abandoned eggs, young, and nesting 
grounds. Ralph Schreiber, a curator at 
the Los Angeles County Museum of Nat-
ural History found that 95 per cent of the 
14 million birds (representing 18 spe-
cies) that usually nest on the island de-
parted in October and November. Sooty 
terns, wedge-tailed shearwaters, frig-
ate birds, red-footed and blue-faced boo-
bies, and others apparently discovered 
that there was far, too little food in the 
vicinity to support'the breeding ground. 
They then decamped in a search for sus-
tenance. By June only 150,000 birds had 
returned. »->• 

rounding adults, many murre eggs and 
hatchlings were snatched up by the is-
lands' predatory western gulls. 

The gulls fared better than any other 
species, partly because of their maraud-
ing habits. They will eat almost any-
thing, from fish to chicks, including 
those in a neighboring gull's nest. One 
mated pair divided their duties, the male 
concentrated on Bay Area dumps and 
murre chicks, while the female hunted 
for fish at sea. Yet even such ingenuity 
failed to save many gull chicks. While the 
flock laid nearly 31,000 eggs, many of the 
hatchlings starved to death. 

The different responses of Farallon 
birds to the hardships created by El 
Nifio fit into a pattern Boekelheide calls 
the "boom or bust" approach to parent-
hood. In boom years, when fish are plen-
tiful, the birds raise as many chicks as 
possible. When times are bad, some spe-
cies, like the Brandt's cormorant, may 
hatch a few chicks, but will abandon 
them if conditions do not improve. Such 
callous behavior is sometimes neces-
sary. Adults can wear themselves out 
trying to feed their young when food is 
hard to find. Ocean-going birds live for 
ten to 20 years, and if there is not 
enough food to go around, the adults 
must forsake their offspring to save 
themselves. They can always try to 
breed again another year. Ultimately, 
the test of the birds' strategy will lie in 
whether it works. On that score, the 
Farallon biologists are confident that 
the birds will prevail. Despite this 
year's famine, says Boekelheide, "I 
don't think any of the birds will suffer in 
the long term." —Shannon Brownlee Western gull trying to seize seafood from a Brandt's cormorant feeding its chick 



At left, cactus in an arid zone on the Galapagos Islands; the same area after El Nino rains 

Abandoning one generation of young 
can be a serious gamble. When another 
threat emerges at the same time as El 
Nifio, the combined assault can result in 
a long-term decline of some species. Of-
ten, that other threat is man. Peter 
Glynn of the Smithsonian Tropical Re-
search Station discovered that in a 
4,000-square-mile area off the coast of 
Panama, 60 to 90 per cent of the coral 
reefs died during the current El Nifio. 
The ocean was at or near the highest 
temperature the corals can tolerate, but 
Glynn believes that herbicide run-off 
from Central America was a contribut-
ing factor in the devastation of the reef. 
He and his co-workers have found that 
herbicides damage coral severely; when 
they reach already weakened reefs, he 
says, the effect can be fatal. 

Off Peru, the effects of human inter-
vention are more direct. Before the 
1972 El Nifio, Peruvian anchovy fisher-
men used to take 12 million to 13 million 
tons of the fish each year; after that El 
Nifio the population failed to rebound, 
and the fishery now yields less than 2 
million tons a year. The reason, accord-
ing to Barber, is overfishing, but over-
fishing with a twist. When the 1972 El 
Nifio drove anchovy numbers down, 
the fish that remained after the event 
were unable to repopulate the fishing 
grounds as fast as before. The largest 
and hence most easily found schools are 
produced by the most fecund fish; these 
had already been caught. Barber thinks 

that the remaining fish lacked the ge-
netic ability to reproduce as fast as nec-
essary to bring the population back up 
to pre-El Nifio levels. It was, Barber 
says, "qualitative overfishing." 

Off the main track of El Nifio, 
the sequence of events, man-
made or natural, is harder to 

trace. Birds and animals in the temper-
ate zones had to handle ambiguous envi-
ronmental cues. Though the warming 
did change the distribution of life within 
the ocean as far north as Alaska, its im-
pact was neither as swift nor as stun-
ning in the temperate zone as it was 
near the Equator. Burton Jones, a bio-
logical oceanographer at the University 
of Southern California, reports that 
while tropical species of phytoplankton 
were more numerous off California 
than in ordinary years, some of the spe-
cies that northern anchovies feed upon 
were less abundant than usual. Accord-
ing to biologist Paul Smith, these 
changes altered the distribution of an-
chovy stocks off the coast. 

As the anchovies swam away from 
their customary grounds in search of 
the right species of plankton to eat, they 
moved out of range of some of the preda-
tors that depend on them. This caused 
problems for the California brown peli-
cans at Anacapa Island off the southern 
part of the state. Those that laid their 
eggs in the second half of the breeding 
season were able to feed their chicks 

through June. But when the peli-
can fledglings were almost ready 
to fly, the adults abandoned 
them. Frank Gress, a biologist at 
the University of California at 
Davis, says, "If anything happens 
to the anchovies, pelicans have 
a hard time. The bottom fell out 
of their food basket, and many 
fledglings starved." 

Still farther north, El Nifio has 
muddled the temperature map 
of the ocean as far as Alaska. 
Herring and candlefish, which lo-
cate their prey by following the 
boundaries between warm and 
cold water, have spread out to 
find their meals wherever they 
can. Birds have suffered as a con-
sequence: David Fluharty, of the 
University of Washington's El 
Nifio project, reports that tufted 
puffins^ gulls, and cormorants 

have had a poor breeding season. 
Though in both temperate and tropi-

cal waters El Nifio seems to have done 
mostly harm, some creatures are flour-
ishing. Yael Lubin, just returned from 
the Darwin Research Station on the Ga-
lapagos Islands, found that the little fire 
ant, a species that thrives in warm, hu-
mid conditions, reveled in the freak 
rainfall El Nifio brought to the arid 
lowlands on Santa Cruz Island, in the 
Galapagos group. The ants invaded 
new territory ten times as quickly as in 
previous years. Similarly, finches on the 
Galapagos bred at an unusually high 
rate over the last year, enjoying the 
surge of plant and insect growth in 
parts of the island chain that are nor-
mally semi-desert. 

The Galapagos—and all the other ar-
eas affected—should return to some-
thing like normal when this El Nifio 
ends. Recent reports from Peru suggest 
that it may be beginning to happen. The 
small fish will rebound almost immedi-
ately. Species that are slower to repro-
duce will require a few yeaA more. The 
lasting impact of the 1982-1983 El Nifio 
lies in the lessons it has left: "What hap-
pened this year," says Barber, "showed 
how tightly balanced life in the ocean 
is." While the return of anchovies and 
hake is a boon to fishermen and fishing 
birds alike, biologists will miss the ex-
citement of taking apart the ocean's 
web of life and watching it weave to-
gether again. @ 
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FRANCISCO JOS£ AYALA: 

GENETICS, 
GRAPES, 
AND THE 

GOOD LIFE 
For an ex-priest, the pleasures 

of science mix with the pleasures 
of growing wine grapes 

by KEVIN McKEAN 

A midday sun blazed down on the ripening caber-
net sauvignon grapes as the vineyard's owner, 
Francisco Jose Ayala, trudged between the 

rows, inspecting his crop. It was a hot day in the San 
Joaquin Valley of California, and Ayala's boots kicked 
up little clouds of dust with each step. But the vineyard 
workers were deliberately withholding irrigation from 
the water-starved vines. "It is better if the grapes de-
velop under some stress," Ayala explained to a visitor. 
"They produce less sugar, but it heightens some of the 
complex flavorings that need ten or twenty years of 
ageing before a wine can be drunk." 

If early discipline and the mellowing effects of age 
can help a fine wine mature, they have had an equally 
salutary effect on Ayala himself. The scion of a wealthy 
family from the Rioja wine growing region of Spain, 
Ayala early sought the discipline of monastic life and 
emerged a Dominican priest. In his late twenties, he 
left the church to become a scientist. Today, at 49, he is 
one of the world's foremost authorities on genetics and 
evolution, with eight books and more than 300 articles 
to his credit, a section chairmanship in the National 
Academy of Sciences, and a lecture schedule that Hen-
ry Kissinger might envy. His laboratory at the Univer-
sity of California at Davis attracts a parade of scholars. 

Yet his scientific career is only one part of the com-
plex flavor of this man. Ayala is also, by turns, a suc-
cessful businessman, investor, art collector, philoso-
pher, and, most recently, viticulturist. He speaks five 
languages fluently and can get along in half a dozen 
more. He writes with equal facility about the genetic 

From vocation to avocation: Ayala in his vineyard 
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The ex-Dominican Ayala strikes a pose echoing his portrait as a seminarian 
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variability of fruit flies and the theology 
of Pierre Teilhard de Chardin, the late 
French Jesuit scientist and philosopher. 
Indeed, says Wyatt Anderson, chair-
man of the genetics department at the 
University of Georgia and a long-time 
friend, Ayala's accomplishments are so 
broad that "he is sometimes intimidat-
ing to be around." 

Ayala takes a more casual view of his 
talents. "I do what it pleases me to do," 
he says. "For me, the goal is to live a life 
that is as full as possible." The key to 
that full life, he believes, is self-disci-
pline, "because it makes the other goals 
possible." Ayala takes a certain Stakha-
novite pride in being able to work sever-
al days without eating, although his me-
tabolism allows him to indulge in food 
without adding weight to his six-foot, 
152-pound frame. Some friends who 
have known him for years do not know 
he smokes, because Ayala never takes 
his pipe when traveling—just to prove to 
himself that he c?th do without it. 

His daily schedule betrays a similar 
monastic rigor. Ayala rises at four in 
the morning and reads until six, when 
he takes a tennis lesson with his sons, 
Francisco .Jose, 14, and Carlos, 11. After 
a quick breakfast, he writes until it is 
time to bicycle to campus for class. He 
spends afternoons in his lab, a bright 
suite of rooms that houses a dozen grad-
uate students and visiting scientists, 
and several million tiny Drosophila, the 
fruit flies that are the principal subjects 
of his research. In the evenings there is 
more writing and reading until he set-

tles in at midnight for his usual four 
hours of sleep. 

Ayala's travel schedule is equally 
demanding. He will log more than 
200,000 miles this year giving lectures 
and participating in seminars on four 
continents. The energy that sustains 
this workload is immediately apparent 
when he receives visitors in his small 
office at the lab. He is a man of natty 
dress and carefully correct manners. 
"Charm is Francisco's middle name," 
says one colleague. Yet there is some-
thing boyish in his appearance—the 
shock of black hair, the clumsy square-
rimmed glasses, the head a size too 
large for his body. 

There is also a boyish quality in the 
delight Ayala takes in life. Consider the 
way he outsmarted the Arkansas attor-
ney general during the 1981 trial, at Lit-
tle Rock, in which the American Civil 
Liberties Union was challenging a new 
state law that required the teaching of 
"creation science" alongside evolution 
(DISCOVER, February 1982). Questioned 
by the ACLU lawyers, Ayala compared 
the Arkansas situation to the disastrous 
period in Soviet genetics when the theo-
ries of Troflm Denisovich Lysenko be-
came state doctrine.* "I was certain the 
attorney general would take the bait," 
Ayala recalls. Sure enough, during 
cross examination, a prosecutor asked 

* Lysenko revived the discredited nineteenth 
century notion that acquired traits can be in-
herited—for example, that mice whose tails 
are cut o f f f o r generations will eventually give 
birth to tailless mice. 

pointedly whether the Soviets had re-
quired the teaching of conventional sci-
ence too, as the Arkansas law did. "It 
went by steps," replied a delighted 
Ayala. He explained that Lysenkoism 
was indeed first taught as an alterna-
tive theory—but later it forced out other 
theories entirely. The Arkansas law 
was eventually overturned. 

Ayala's pleasure in such situations 
comes from the fact that "way down in-
side, he doesn't take himself too serious-
ly," says James Valentine of the Univer-
sity. of California at Santa Barbara, 
co-author with Ayala of two popular 
textbooks. "That's an aspect of his suc-
cess." But Ayala insists that despite his 
enjoyment of the Little Rock trial, he 
took the issue extremely seriously. "I 
thought what was at stake was not just 
evolution, but the survival of rationality 
in this country." 

Ayala speaks with equal conviction 
when explaining why, after a religious 
training rivaling that of many of the 
clerics at the Little Rock trial, he lost his 
faith and left the priesthood and the Ro-
man Catholic church. He was unable to 
resolve a question that has troubled 
many believers: How could a God who is 
all good allow evil in the world? The 
particular evil that troubled Ayala was 
birth defects. "To this day, when I see a 
baby with a severe deformity it makes 
me feel ill," he says. "I am not proud of 
this. It is like being afraid of heights or 
something. One should be able to handle 
it, but I cannot." He disputes one com-
mon theological explanation: that God 
might allow such deformities so that the 
parents may grow in faith by dealing 
with the hardship. Says he, "I could not 
see how a benevolent supreme being 
could sacrifice a child for the purpose of 
teaching somebody else a lesson." 

Though he disavows any conscious 
connection, it is perhaps no coincidence 
that much of Ayala's scientific work has 
been aimed at understanding the evolu-
tionary mechanism that underlies de-
formities. Scientists once assumed that 
natural selection would tend to elimi-
nate genetic differences among mem-
bers of a species. The Nobel Prize win-
ning biologist H. J. Muller, for one, 
believed that there was one "best" gene 
for each trait and that evolution would 
gradually weed out all variants until 
only this single gene remained. Ayala, 
however, has helped to show that the 
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In Ayala's laboratory at Davis, an afternoon coffee break with colleagues 

normal genetic variation within a spe-
cies is enormous. His studies have fo-
cused on fruit flies because they are 
easy to keep, breed rapidly, and have 
many offspring. But he has also worked 
with other animals and with plants to 
discover that for most species, including 
human beings, one third to one half of 
the genes exist in two or more forms. 

Drosophila melanogaster flies, for ex-
ample, hav£ two different genes for an 
enzyme called alcohol dehydrogenase 
that breaks down the alcohol in the flies' 
fermented-fruit diet. Ayala's research 
indicates that one form of the enzyme is 
more efficient at processing alcohol, 
while the other is more stable at high 
temperatures. Apparently, natural se-
lection has hedged its bet on the condi-
tions the flies may encounter. Ayala has 
demonstrated that heterogeneity is im-
portant to survival: flies with a high de-
gree of genetic variability evolve faster 
and survive better under adverse condi-
tions than flies with a more limited rep-
ertoire of genes. 

The dark side of genetic diversity is 
that nature's experiments do not al-
ways work. A certain proportion of off-
spring will be born deformed, the result 
of defective variants of genes. But un-
derstanding the scientific basis for birth 

defects does not help Ayala accept 
them. "I can live with the idea intellec-
tually, but emotionally I cannot," he 
says. "Science does not give answers to 
ethical or religious questions, just as 
ethics and religion do not give answers 
in science." 

Questions of ethics and religion have 
been important to Ayala from child-
hood. Born in Madrid, he grew up in ma-
terial comfort that made him feel guilty 
amid the poverty of Spain. His father, 
also Francisco Jos6 Ayala (the name has 
been in the family for nearly two dozen 
generations), was a Madrid leather 
merchant who re-established his trade 
in 1939 after having fled with the family 
to France during the Spanish Civil War. 
Both his father and his mother, Maria 
Soledad Pereda, came from landowning 
families in the Basque region of north-
ern Spain. 

In his teens, Ayala was much influ-
enced by Marxists and French existen-
tialists. He and a dozen other youths 
formed a tertulia, a traditional Spanish 
discussion group, that held impas-
sioned weekly meetings in a Madrid 
caf6. Ayala was the acknowledged au-
thority on science for the tertulia, 
and shared the generally antireligious 
ideas of other members. But as he 
neared graduation from college, his re-
ligious feelings—dormant since child-
hood—were re-ignited by the writings 
of Teilhard de Chardin. In Teilhard, he 
encountered a theologian who saw no 
conflict between science and religion, 
because science glorified God by reveal-

ing his creation in greater detail. 
After Ayala entered a Dominican 

monastery at the age of 20 with the in-
tention of becoming a missionary, he 
took theology classes at the University 
of Salamanca and lived in an unheated 
five-foot-wide cell. "I used to go down-
stairs into a lovely late Gothic cloister 
every evening and run for fifteen min-
utes," he says, "not for exercise, but to 
warm up before jumping into bed." A 
portrait of him from those years, paint-
ed by the Spanish modernist Joaquin 
Pacheco, a lifelong friend and a member 
of his tertulia, shows a fine-featured, 
pensive youth in clerical garb, wearing 
the same dark-rimmed glasses that 
Ayala favors today. But even as this por-
trait was being painted, Ayala was hav-
ing religious doubts and thinking about 
a new career. On the basis of indepen-
dent work he had done with fruit flies, 
he begged a scientist friend to write him 
a letter of introduction to the eminent 
geneticist Theodosius Dobzhansky at 
Columbia University in Manhattan. 
Dobzhansky agreed to accept the young 
priest as a graduate student, although 
Ayala had not taken a formal biology 
course since his first year in college. 

In the fall of 1961, at age 27, Ayala ar-
rived in New York with only scanty 
English. "Not only did I never under-

stand a complete lecture during my first 
semester, I never understood a com-
plete sentence." He remembers being 
surprised to find exam books being dis-
tributed one day, when he had not even 
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known that a mid-term was scheduled. 
It did not take him long to overcome his 
language handicap. His thesis adviser, 
Harold Levene, recalls Ayala's manu-
script, submitted three years later, as 
"one of the few I've ever received that 
didn't have any grammatical or spelling 
mistakes." 

Though Ayala was older than most of 
the graduate students, wore a clerical 
collar, and kept his vow of chastity—"a 
waste," according to a woman friend 
from those days—his outgoing nature 
made him popular at Columbia. He de-
cided to leave the priesthood after ful-
filling an obligation to teach for a year 
and a half at Providence College, a Do-
minican institution in Rhode Island. "I 
am not religious now," Ayala says, "but 
I still feel it is possible for a religious 
person to be a scientist." It was not long 
afterward that he met the woman he 
later married, Mary Henderson, the 
daughter of one of the founders of the 
Sheraton hotel chain. 

In 1967, Ayala joined Dobzhansky at 
Rockefeller University, where the older 
scientist had moved several years earli-
er, to renew the collaboration that had 
begun at Columbia. Dobzhansky went 
to Davis along with Ayala in 1971, and 
their work together continued until 
Dobzhansky's death in 1975. 

During his stay at Rockefeller, 
Ayala began traveling all over the 
world to collect fruit flies. His most 
memorable trips were to Central and 
South America, where Dobzhansky had 
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Brandishing an antique Japanese sword 

discovered closely related strains of 
Drosophila willistoni that seemed to be 
on the verge of splitting into separate 
species—an exciting find for a scientist 
interested in the genetics of evolution. 
But Ayala was surprised, and a little 
embarrassed, to hear himself constant-
ly referred to as a gringo during these 
trips, despite his fluent Spanish. "Span-
iards are known as sensible people who 
would not go five thousand miles with a 
big net to collect little flies," he conclud-
ed. "So, since I was obviously not sensi-
ble, I must be a gringo." Indeed, on one 
trip a government official refused to put 

Sharing ice cream with sons Carlos (left), 11, and Jose, 14, in downtown Davis 

down fly-collecting on a permit as the 
reason for their trip.'"Look,'' he told the 
scientists, "I'd better say you are 
searching for butterflies, or no one will 
believe you." 

When not doing scientific work, 
Ayala gathered the art and artifacts 
that decorate his modern house, includ-
ing collections of modern Spanish paint-
ing, Oriental art, and Japanese armor. 
He and his wife also plunged into a se-
ries of real estate investments, acquir-
ing rice farms, industrial, commercial, 
and residential properties, and the 400-
acre vineyard and farmhouse that 
serves as a weekend home. (The Ayalas 
are now getting a divorce.) 

The vineyard is Ayala's first experi-
ence with wine making, though the 
Spanish Ayalas have extensive vine-
yards, and a French branch of the fam-
ily produces an Ayala champagne that 
sells in the United States for about $18 a 
bottle. As the family's American viticul-
turist, Ayala grows cabernet sauvig-
non, petit sirah, barbera, zinfandel, and 
merlot—all red wine grapes—and sells 
them to Robert Mondavi and other wine 
makers. He has acquired an interest in a 
nearby winery, and is planning to plant 
another 400 acres of farmland with 
more grapes, both red and white. "Peo-
ple encourage me to plant nothing but 
white," he says, "because white wines 
outsell reds by three to one in this coun-
try." But Ayala contends that the mar-
ket has excellent growth potential, be-
cause Americans consume only a tenth 
as much wine per capita as the French, 
Italians, and Spanish, among whom red 
wines are more popular than among 
Americans. "As people here learn more 
about wines," he predicts, "they will 
switch to red." 

Relaxing in a garden chair under a 
shade tree at the farmhouse, a sprig of 
fresh oleander in a vase at his side and a 
book on evolution at his elbow, Ayala 
reflects on the contrasts among his sci-
entific, personal, and entrepreneurial 
sides. "Dobzhansky and 1 used to talk 
about this often. For him, science and 
the study of evolution were first and 
foremost. I said no. For me, it's living. 
If at some point in my life, science were 
to become an obstacle, I would give it 
up." But with a new revision due on one 
of his genetics texts, and impending 
lectures in Italy and Spain, that day 
seems far away. ® 
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LEWIS THOMAS: 

On Life in a Hell 
of a Place 

Basic science makes its real living by pro-
ducing astonishments, things nobody 
would have believed possible until they 

turned up, unbelievable phenomena that are 
soon transformed into everyday parts of the 
structure of nature. How it happens that to-
day's scientists remain, by and large, such a 
steady and unruffled lot, writing their cool, 
meditative papers just as though what they 
are reporting are the expected, normal, flat 
facts of the matter, instead of rushing out of 
their laboratories into the streets shouting 
their exultation at the queerness of nature, I 
shall never know. Especially these days, when 
things are looking very queer indeed, every-
where, from the cosmologists' universe in its 
infinite strangeness—probably soon to be-
come a totally unimaginable geometry when 
the Space Telescope gets turned on within the 
next few years—down to the particles of parti-
cles under inspectionby the physicists. It is be-
coming the thumb rule of science that nothing 
is the way we thought it was, and whatever we 
think we understand today will be changed to 
something else when looked at more closely 
tomorrow. 

Now the biologists are entering this kind 
of world. Just in the past year they have en-
countered a brand-new surprise to wonder 
about, a set of creatures never dreamed of, 
violating all the rules, about to upheave all 
doctrines about the conditions under which 
life can emerge and persist. Up to now, the 
question of whether life can exist on other 
planets, or in other galaxies, has been dealt 
with by postulating two cardinal conditions: 
liquid water, and a temperature something 
like the temperature of our planet. Mars is 
out, for lack of water, and Venus is out for be-
ing far too hot. If anything is alive on planets 
like these, it cannot be life as we know it here 
on earth, we say. It seems we are wrong. 

At the bottom of the deep ocean, in places 
where the earth's crust has split apart, there 
are open chimneys from which sea water 
spews at temperatures of 662 degrees Fahren-
heit or higher. At such temperatures water 
can remain a liquid only because of the enor-
mous pressure of the overlying ocean. If this 
page were exposed, dry, to 662 degrees it 
would ignite. 

Nothing could seem more certain than 
that life cannot exist in 662-degree sea water 
at 265 atmospheres of pressure. But it does. 

In 1979, John Baross and his colleagues at 
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the school of oceanography of Oregon State 
University obtained samples of superheated 
sea water scooped up by the research subma-
rine Alvin from a conical sulphide chimney, 
2,650 meters deep, at 21 degrees north lati-
tude along the East Pacific Rise. This was the 
beginning of a series of studies culminating, 
for the moment anyway, in a brief paper pub-
lished in the June 2, 1983, issue of Nature by 
Baross and Jody Deming of Johns Hopkins 
University. The very first step, on which ev-
erything to follow depended, was simply to 
look at the water sample under a microscope 
with stains designed to reveal the presence of 
bacteria. This absolutely crucial maneuver, 
involving only a few hours of the investiga-
tors' time, is one that I would never have had 
the audacity to make. They wanted to know 
whether the high levels of methane coming 
out of the "black smokers" were due, as was 
generally believed, to de-gassing of the 
earth's mantle or, at least in part, to the pres-
ence of bacteria. I would have thought that to 
look for life in a sample of such water would 
just be a waste of glass slides and stain and 
time. I would have said, very well, we must 
keep our minds open for all sorts of possi-
bilities, but not for things that are clearly 
impossibilities. 

It is for that first step, taking a close look at 
what, in a rational world, ought to be noth-
ing, that I hope Baross and his colleagues 

receive a generous prize some day. It was a 
scientific ten-strike. The samples contained 
abundant communities of mostly normal-look-
ing bacteria, whole communities of microor-
ganisms differing sufficiently from each other 
to indicate the presence of several species. 

In the June ppper, Baross and Deming 
moved the problem along to another crucial 
stage, for they learned how to cultivate these 
extraordinary bacteria. Now any bacteriolo-
gist can go to work on them, and this new field 
of science will soon become busy and agitated. 
The questions are of the nicest kind, hard, puz-
zling, important, and above all answerable. 
What are the special gifts of these bacteria 
that enable them not only to survive but also 
to reproduce themselves enthusiastically at 
temperatures three times that of the auto-
clave, that pressure-steam device on which we 
have placed total reliance for sterilizing ev-
erything? What kind of protein can withstand 
denaturation in such heat? How on earth does 

the double helix of DNA keep from melting 
into nonsense? How would you make an en-
zyme, much less keep it active? What kind of 
lipid could keep a cell membrane intact under 
these conditions? 

Baross and Deming figured out how to set 
up the experiments that will be needed. Their 
methods are simple, even having the sound of 
crudeness, but they unquestionably work. 
Draw a sample of the water into a titanium 
syringe, heat it, keep it in a pressurized cham-
ber duplicating the pressure at deep sea bot-
tom, add a few nutrients, wait, and count the 
bacteria as they grow. At 482 degrees Fahren-
heit, six hours is long enough for a nearly 
thousandfold increase in population. Chill 
them to temperatures just below boiling and 
they cannot grow at all. 

Ordinary bacteria they are not. They and 
their infernal habitat represent the only truly 
closed ecosystem I have heard of. Up to now, I 
have taken it for granted that life on this plan-
et is an ecosystem as a whole, with every crea-
ture dependent for its livelihood on every oth-
er creature, all connected in long chains of 
being and ultimately dependent on the sun. 
Now, here are these incredible things, living 
completely on their own in sulphide cones, us-
ing minerals of various sorts from the deep 
crust of the earth for food and energy, not de-
pendent on the sun and without obligations to 
any other form of terrestrial life, and doing all 
this under conditions of heat and pressure that 
would instantly kill off any other organism of 
which we have knowledge. 

Not only do they grow rapidly in super-
heated water, they also produce abundant 
quantities of gas, including methane, hydro-
gen, and carbon monoxide. It has long been 
known that the methane beneath the earth's 
surface, and the small amounts of it in the at-
mosphere, derive in part from specialized bac-
teria, the methanogens. But up to now nobody 
could have dreamed of such waters as an im-
portant source. At this great depth and high 
temperature, the gas must be exerting tre-
mendous pressure, and if it turns out that the 
new bacteria are as numerous and ubiquitous 
as Baross and Deming's studies suggest, the 
geophysicists may have to begin thinking 
about a role for them in moving continents 
around. 

Although new to science, the organisms 
are probably very old indeed, maybe the old-
est form of life on earth, maybe even the lineal 
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descendants of the very first form of 
life. There has always been a running 
argument in biology about the origin of 
life and its high improbability. The 
assumption that chance events were 
at work, bililding new molecular config-
urations in the pre-life "primordial 
soup, " runs into the objection that there 
simply wasn't enough time for pure 
chance to have evolved anything as 
complicated as a living cell. Because of 
this objection, Francis Crick proposes 
that life was planted on the earth, ready 
to go, by intelligent life from outer 
space, and Fred Hoyle suggests comets 
as a source of life. These bacteria, 
however, provide a new model for spec-
ulation. Chance events, are bound to 
occur much faster at 662 degrees than 
at the earth's ambient temperature. 
Everything would be greatly speeded 
up, including the chance formation of 
the complex amino acids, proteins, and 
nucleic acids that had to come into exis-
tence before life could begin. The time 
required for pre-evolution may be a 
lot shorter than we have previously 
estimated. 

The usual question to ask about any 
brand-new discovery in science is: What 
good is it? Already it is being predicted 
that these organisms might become a 
valuable resource for a new natural gas 
industry, and their enzymes might be 
useful in industrial processes involving 
high temperatures and pressures. For 
the moment, however, the most useful 
thing about them is simply that they are 
there, to be thought about in open-
mouthed amazement, living evidence 
that life can do almost anything, any-
where, even in the profundity of what 
we might otherwise be calling, literally, 
a hell of a place. These days we can use 
all the reasons we can summon for re-
specting life, lest we fall into the habit of 
taking it for granted. These bacteria, 
opening up as they do the possibility 
that life can take hold in environments 
quite different from ours, anywhere in 
the universe, open up as well the possi-
bility that the whole universe may, in a 
sense, be alive or ready to come alive 
whenever it feels like it. What a piece of 
work indeed. ® 

If you 'd like to know more about our special water, d r o p us a line 

COLUMBUS discovered America in 1492. 
Some 400 years later, Jack Daniel came across 
this Tennessee cave spring. 

Our founder knew this water was perfect for 
making whiskey. (It runs iron-free at 56° 
year-round.) And he never 
used anything else for making 
Jack Daniel's. From the way 
things have turned out, we'd 
say Columbus discovered a 
lovely country. And 
Mr. Jack didn't do badly at 
finding himself a spring. 

CHARCOAL 
MELLOWED 

6 
DROP 

6 
BY DROP 

Tennessee Whiskey • 90 Proof • Dist i l led and Bott led by Jack Daniel Dist i l lery 
Lem Motlow. Prop. , Route 1, Lynchburg (Pop. 361), Tennessee 37352 

Placed in the National Register of Historic Places by the United States Government 

45 D I S C O V E R / OCTOBER 1983 



48 

The corncob shapes in this cutaway view of ailanthus wood are bundles of nutrient-carrying cells 
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(GALLERY) 

THE COMPLEX ARTISTRY OF 

WOOD 
The most prosaic two-by-four or the sim-

plest twig—when sliced, stained, and 
photographed with polarized light under a 
microscope—reveals intricate, luminescent 
patterns of cells. Some kinds of wood are as 
complex as a microchip. Others resemble 
surrealistic stained glass or torn fabric. De-
pending on the species of tree and the time 
of year, the cells display a variety of shapes, 
sizes, and functions. Earlywood, for exam-
ple, is the layer of cells that trees produce in 
the early spring. It usually contains some 
large cells, for quick transport of water and 
nutrients. 

The function of a wood cell often deter-
mines its shape. Softwoods, which have ex-
isted for about 300 million years, are made 
up almost entirely of long, thin, tapering 
cells called tracheids. These hollow cells al-
low water and nourishment to be drawn up 
the trunk as the result of evaporation in the 
leaves above. The cells also support and 
strengthen the tree. Hardwoods are of more 
recent origin—they are at least 150 million 
years younger—and their cells have more 
specialized functions: some only carry wa-
ter rich in nutrients, while others, thinner and 
stronger, help support the tree. Together, the 
cells form a pattern as distinctive of that par-
ticular genus as a fingerprint is of a person. 
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Linden bark (at top) merges into linden wood The unaided eye can see cells in white oak earlywood 



Tube-like cells in mahogany trees carry water upward Concentric cell rings in a section of elderberry 
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Like all softwoods, the Pacific yew contains tubular cells called tracheids 
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The white holes in redwood tracheid cells let water and nutrients move up the trunk 



Eastern hemlock cells have a neat geometrical symmetry 
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A section of white pine cone shows developing pollen grains 



(MEDICAL TECHNOLOGY) 

SOUNDS 
INSTEAD OF 
SILENCE 
Implantable devices can restore limited hearing 
to the deaf, but are they ready for wide use? 
by DENISE GRADY 

Judy Weiss tucked her son Louie 
into his crib for a nap and tiptoed 
out of the room, as she had done 

hundreds of times before. But this time, 
she recalls, "I snuck around to the other 
door of his room and crawled back in on 
my belly, so he wouldn't see me, and I 
slid underneath the crib, right below his 
head, and started talking to him." She 
called his name over and over, louder 
and louder; she chattered desperately; 
she grabbed a toy and pounded the floor 
with it. But from Louie, a lively eleven-
month-old, nothing: no response, not 
the slightest sign that he could hear her. 
"And I knew he had gone deaf." 

Doctors confirmed Weiss's suspicion 
that Louie's recent bout with meningi-
tis, which damages the hearing of a 
small percentage of its victims, had left 
him deaf. The disease had probably at-
tacked the hair cells in his inner ear, 
which are essenjial for converting vi-
brations into electrical impulses that 
the auditory nerve uses to transmit the 
message of sound to the brain. 

Powerful hearing aids did not seem to 
help. Judy Weiss and her husband, Jo-
seph, were afraid that their son, like 
many of the deaf, would grow up unable 
to talk, or to read beyond the fifth-grade 
level—in short, isolated from the hear-
ing world. Then, when Louie was two, 
the Weisses learned that there was a 
chance he might hear again. Judy Weiss 
attended a lecture about the cochlear 
implant—an electronic device, surgical-
ly implanted in one inner ear, that can 

restore limited hearing to the deaf. Ac-
tivated by sound, it bypasses the dam-
aged hair cells and electrically stimu-
lates the auditory nerve. 

During the past eleven years, some 
300 Americans—including almost 70 
children—have had such devices im-
planted. The sensation that results is 
far from normal hearing, and users 
need intensive training and months of 
practice to interpret it. Because the 
sound quality is poor, implants are usu-
ally reserved for the profoundly deaf; 
even people with severe hearing loss do 
better with hearing aids than they 
would with an implant. In most cases, 
the implant does not allow recipients 
to understand speech. But the sound 
they do hear enables them tp lip-read 
more accurately, to modulate their own 
voices, and to distinguish voices from 
other sounds. With practice, they can 
learn to identify doors slamming, horns 
honking, and telephones and alarms 
ringing, thus making the world safer 
for themselves. 

By the time the lecture was over, 
Weiss had made up her mind: "It 
seemed right." She and her husband 
would take out a second mortgage on 
their house, if necessary, to raise the 
$10,000 needed for a cochlear implant. 
Louie's audiologist, however, advised 
her against the operation; better im-
plants were being developed, he said, 
and would probably be available in five 
years. Why not wait? 

But Judy Weiss was adamant. She 

knew that children are thought to pass 
through a critical period for developing 
language. If a child hears noyspeech dur-
ing this time, no matter how much he 
hears later, he may never learn to talk 
or to use language normally, even in 
writing. This period probably begins 
during infancy, but when it ends is not 
known. "Maybe Louie couldn't wait 
five years," Weiss says. She understood 
that a cochlear implant would not en-
able him to hear words clearly, but felt 
that even a little sound would be more 
instructive than silence. The morning 

Judy Weiss and her son Louie, four, enjoy a moment 
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of communication a year after he received a cochlear implant at the House Ear Institute 

after the lecture, she wrote to the House 
Ear Institute in Los Angeles. The coch-
lear implant developed by its founder, 
surgeon William House, and his col-
leagues is the only one used for children 
in the United States. 

In August 1982, a few months after 
Louie's third birthday, the Weisses took 
him from their home in Kensington, 
Maryland, to the House Institute for 
several days of testing and physical ex-
aminations. On his fourth day in Los An-
geles, Louie underwent the 90-minute 
implant operation. Working through a 

large incision behind the ear, House 
drilled through the mastoid bone to 
reach the inner ear and inserted a plati-
num electrode six millimeters into the 
cochlea (see the diagram on the next 
page)—a snail-shaped bony case the size 
of a pea, which encloses the hair cells 
and the nerve fibers leading to the 
brain. A fine wire runs from the elec-
trode to a small electromagnetic coil 
placed between the incision and the 
back of the ear. Another wire running 
from the coil to the Eustachian tube 
completes the circuit. 

After the surgery, the Weisses took 
Louie home for two months to give the 
incision time to heal. Then they went 
back to the House Institute to have the 
rest of the implant system hooked up. 
Its dime-sized microphone can be at-
tached to an ear, an eyeglass frame, a 
barrette, or even a shirt collar. Sounds 
the microphone picks up are carried to a 
signal processor, which is about the size 
of a deck of cards and usually attached 
to clothing on the chest; its case also 
holds the batteries that power the sys-
tem. The processor selects the ranges of 

55 DISCOVER / OCTOBER 1983 



M E D I C A L T E C H N O L O G Y 

sound frequencies that include most 
speech sounds, converts them into an 
electrical signal, and transmits it to an 
external electromagnetic coil. 

This outer coil, held in place by an 
implanted magnet, sticks to the scalp 
directly over the inner coil. The exter-
nal coil drives the internal one by mag-
netic induction, activating the elec-
trode. Roughly speaking, the intensity 
of the signal increases with loudness, 
and the higher the frequency of a 
sound, the greater the number of sig-
nals per second. 

With the implant, says Judy Weiss, 
"Louie is a different child." A year ago, 
he made just murmuring sounds, and 
his parents had to tap him on the shoul-
der to get his attention. Today he turns 
when his name is called, sings along 
with music on television shows, and 
chatters constantly. A lot of what he 
says is unintelligible, but the loudness 
and pitch of his voice are normal, and he 
is learning to pronounce new words all 
the time. Because the quality of his 
hearing is poor, the family communi-
cate with him by using cued speech, a 
phonetic code devised to help lip-read-
ers. It consists of hand signals used 
while talking to represent the sounds 
that make up each syllable. (This ap-
proach differs from sign language, in 
which the signs represent letters, whole 

This diagram shows the parts of the im-
plant designed by William House and his 
colleagues. Other systems are similar, 

external coil 1 \ 

words, or phrases.) Despite the limita-
tions of the implant, Judy Weiss feels it 
has made life immeasurably easier for 
Louie and everyone around him. 

Cochlear implants are hardly new 
(one recipient has worn the device for 
eleven years) but they are still experi-
mental. They are available in the Unit-
ed States only through clinics that, like 
the House Institute, have research pro-
grams approved by the Food and Drug 
Administration. Although other re-
searchers have developed implants, 
more people have received the House 
device than any other in the world. Be-
cause he hopes to see the implant manu-
factured in quantity, William House has 
allowed the 3M Company to patent it. 
The company, best known as the manu-
facturer of Scotch tape, hopes for FDA 
approval to market the implant within a 
year, free of the restrictions that apply 
to experimental devices. 

That is remarkable progress consid-
ering the history of cochlear im-
plants, which has been marked by 

knock-down, drag-out fights among au-
diologists, physiologists, and ear sur-
geons. At a conference late in June at 
the University of California at San 
Francisco, surgeon Blair Simmons of 
Stanford University recalled that ten 
years ago some researchers refused to 

except that the external coil and micro-
phone may be worn on a headset, and mul-
tichannel devices have more electrodes 

COCHLEAR IMPLANT 

attend a similar meeting or to have any-
thing to do with the field: "They didn't 
want to risk their scientific careers by 
becoming tainted by cochlear implant 
research." At that time, according to 
Simmons, who was among the first to 
test electrical stimulation of the ear in 
the deaf, many scientists "flatly disbe-
lieved" the encouraging results of early 
experiments. Others considered the re-
search immoral, because it required ex-
perimental surgery on human beings 
and because they felt the publicity 
it provoked raised false hopes among 
the deaf. House persisted in spite of 
vociferous critics and, says Simmons, 
"dragged them kicking and screaming 
into the twentieth century." 

The House implant remains contro-
versial, however. For one thing, its 
design has remained essentially un-
changed since it was developed in 1972, 
and some critics think House and his 
colleagues should have worked harder 
at improving it before implanting so 
many. Simmons, for instance, is work-
ing with engineers at Stanford and a 
company called Biostim, in Princeton, 
New Jersey, to develop a more sophisti-
cated device. 

The most serious scientific and ethi-
cal dispute, however, concerns the use 
of the House device in children. In fact, 
one reason it is the only implant avail-
able to children is that other research 
groups think that implants should be re-
stricted to adults. Although the Ameri-
can Medical Association has endorsed 
implants, it recommends them only for 
postlingually deaf adults—those who 
had learned to talk before losing their 
hearing. Many audiologists think this is 
the only group that has actually benefit-
ed from the device. 

In children, they say, there is not 
enough proof that, in the long run, the 
benefits justify the risks. Blair Simmons 
suggests that House should have im-
planted the device in a dozen or so 
children and studied them ihtensively, 
rather than operating on more than 60 
and sending them home after only a 
week of rehabilitation and testing. Sur-
geon Bruce Gantz of the University of 
Iowa has another objection: children 
are more prone to middle-ear infections 
than adults, and, although it has never 
happened, the electrode might enable 
germs to invade the inner ear and ner-
vous system. 
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Gantz also points out that children 
are more likely than adults to form bony 
deposits in their tissues after surgery; if 
this occurs in the cochlea, it can dash 
any hope of using an implant again. 
Also, a research group headed by physi-
ologist Josef Miller, at the University of 
Washington, in Seattle, has found evi-
dence in animals that electrical stimula-
tion can scar the inner ear and impair 
hearing. ' 

The possibility that better implants 
will come along makes many doctors re-
luctant to give children cochlear im-
plants; they fear that use of the devices 
now might rule out the possibility of im-
planting better ones in the future. Even 
if the cochlear electrode does no harm, 
trying to replace it might damage es-
sential nerve fibers, because implanted 
material tends to become embedded in 
tissue. Although the implant is used in 
only one ear, leaving the other available 
for a better device, conservative doctors 
refuse to think of one ear as expendable. 

Still, the notion of a critical period for 
the development of language provides a 
compelling reason not to delay helping 
deaf children to hear. One approach 
eliminates some risks. "If my kid were 
deaf," says Gantz, "I'd put in an extra-
cochlear implant"—an implant with an 
electrode outside the cochlea. Its signal 
can still reach the auditory nerve, and it 
should not be hard to remove. Research 
groups in England, Austria, and Swit-
zerland have implanted these devices in 
adults and appear to be getting results 
comparable to House's. Extracochlear 
devices are not yet available in the Unit-
ed States. The 3M Company holds the 
patent on one, and expects to make the 
device available for testing within a 
year. 

Another type of device com-
manded much more attention 
at the San Francisco meeting: 

the multichannel implant, so called be-
cause it uses more than one electrode as 
a way to provide different signals to dif-
ferent parts of the cochlea. Instead of 
zapping all the fibers at once—"playing 
the piano with mittens on,'' says one sci-
entist—multichannel devices use differ-
ent electrodes to try to stimulate only 
the nerve fibers sensitive to the frequen-
cy of the incoming sound. In theory, this 
should provide clearer sound. 

But the technical challenges are for-

William House (second from right) helps test a young patient's implant 

midable, and progress has been slower 
than most researchers expected. One 
difficulty lies in designing an electrode 
array smooth and flexible enough to 
glide through the turns of the cochlea 
without injuring delicate tissue. It has 
also been hard to devise implants that 
seal out body fluids. Perhaps the tough-
est problem is signal processing: deter-
mining which sound frequencies are vi-
tal to the understanding of speech, and 
translating them into electrical signals 
that make sense to the brain. 

Yet scientists at the San Francisco 
conference expected that within a year 
or two some of the ten major laborato-
ries working on multichannel implants 
in the United States, Europe, and Aus-
tralia might be able to provide implants 
that allow better understanding of 
speech than House's. An Australian de-
vice, produced by the University of Mel-
bourne and a company called Nucleus, 
is the most sophisticated, with 22 elec-
trodes and a speech processor that is 
programmed by a computer for each 
patient. It has impressed even William 
House. And after testing two Ameri-
cans who had it implanted at the Baylor 
College of Medicine, in Houston, audiol-
ogist Jim Jerger described the results 
as "better than anything we expected." 
According to Jim Patrick, the Nucleus 
engineer in charge of research and 
development, the Australians expect 
America to be their primary market. 
But their system is expensive: the de-
vice alone costs $10,000. Surgical fees, 

hospital bills, and rehabilitation could 
cost nearly that much again. 

At the University of Iowa, surgeons 
Bruce Gantz and Brian McCabe have 
started trying to evaluate the different 
systems according to a single set of stan-
dards. They are the only researchers in 
the world doing this. They have tested 
postlingually deaf adults with the House 
and Australian devices, and also one 
from Austria. So far, says Gantz, people 
seem to adjust faster to both the Austri-
an and Australian devices than to the 
House, and might therefore require less 
rehabilitation. No American patient, 
however, understands much speech 
without lip-reading. 

The real goal of their tests, says 
Gantz, is not so much to rank the 
implants in Consumer Reports 

fashion as to find a way of determining 
which one is best for each patient. Peo-
ple with severely damaged auditory 
nerves, for instance, could probably do 
no better with 22 channels than with 
one, but right now there is no reliable 
way to measure nerve damage. 

Gantz has no doubts about the value 
of implants in general. "They will be 
widely used," he says. "You can't doubt 
that when you see the social isolation, 
the depression, that deafness brings to 
people—and then you see the elation 
when some hearing returns, even if 
they're never able to talk over the tele-
phone. The cochlear implant is here to 
stay." ® 
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Science People 

Szent-Gy6rgyi at 90: hats off 

Szent's Day 
"How do you know when you've made 
a discovery?" the venerable scientist 
impishly asked his audience. "When all 
your colleagues object," he said. "You 
know it's a serious discovery when foun-
dations refuse you grants." His col-
leagues, however, were chuckling in-
stead of objecting. From around the 
world they had gathered at the Marine 
Biological Laboratory in Woods Hole, 
Massachusetts, for a symposium cele-
brating the achievements-of the speak-
er , Albert Szent-Gydrgyi, in a n t i c i p a t i o n 
of his 90th birthday in September. 

Szent-GyOrgyi could speak with au-
thority about discoveries. Fifty-five 
years ago, studying the adrenal glands 
to search out the cause of Addison's dis-
ease, he isolated a substance he called 
"hexuronic acid." Over the next few 
years Szent-GyOrgyi found that the sub-
stance was in fact ascorbic acid—vita-
min C—which he soon learned to synthe-
size from the fresh paprika of his 
Hungarian homeland. In 1937, for his 
work on the action of vitamin C and oth-
er acids on the body ("the biological 
combustion processes," the citation 
read) he won the Nobel Prize for physi-
ology and medicine. Thereafter came a 
string of other awards, principally for 
discoveries in muscle physiology. 

Szent-GyOrgyi is still on the outer 
edge of research, working now in a 
cross-disciplinary field known as quan-

tum biology. He keeps fit by swimming 
in Buzzards Bay at least once a day dur-
ing the warm months and, as his fourth 
wife, Marcia, 42, explains, by being "ab-
solutely free in the way he thinks." His 
enjoyment of his work, Szent-GyOrgyi 
agrees, "helps keep me going"—per-
haps toward his centenary in 1993. 

Name Dropping 
Attached to T. E., the name Lawrence 
evokes Arabia; attached to D. H., it re-
calls passionate English novels. At-
tached to the word Livermore, howev-
er, it now spells trouble. The widow of 
Ernest Lawrence, w h o w o n t h e Nobe l 
Prize in 1939 for inventing the cyclo-
tron, has asked that the family name be 
dropped from the Lawrence Livermore 
National Laboratory in California. The 
defense work done there, she contends, 
is "not a suitable memorial." 

Although her husband helped devel-
op both the atomic and hydrogen 
bombs, Mary Lawrence, 73, says he did 
so/only "out of patriotism, to aid his 
country at a time of danger." She insists 
that he believed that fear of the weap-
ons would eliminate war; instead, she 
says, the lab works on devices more de-
structive than those her husband helped 
make—a "dreadful escalation" that he 
would oppose were he alive today. 

The University of California adminis-
ters the lab, but claims it has no author-
ity to change the name. Says Lawrence, 
"If it's got to be done by Congress, I'll 
go. I'm determined to do something 
about this before I die." 

A Pauling Loss 
Vitamin C may have brought honors to 
Albert Szent-GyOrgyi, but for Linus 
Pauling, 82, it has meant years of contro-
versy. Pauling, also a Nobelist (for 
chemistry and for peace), has advocated 
huge doses of vitamin C as a defense 
against everything from the common 
cold to cancer, raising questions even 
among his admirers. But he never ex-
pected trouble from one protege and fel-
low c h e m i s t , Arthur Robinson, 41, co-
founder and former president of the 
Pauling Institute of Science and Medi-
cine in Palo Alto, California. 

Robinson has now won $575,000 in an 
out-of-court settlement of a $25 million 
suit against Pauling for breach of con-
tract, among other things. According to 

Robinson, the trouble began in 1978, 
when Pauling abruptly asked him to re-
sign and to "physically leave the build-
ing at this instant and never return." 
Pauling contends that "there was a dis-
pute as to who was in charge—the presi-
dent or the board of trustees." Robinson 
acknowledges a quarrel over how the 
institute should spend its money. But he 
thinks the principal rivalry developed 
over cancer research. While Pauling 
was testing vitamin C on mice and tout-
ing its usefulness against cancer, Robin-
son was working witfi raw fruits and 
vegetables, which, he says, were "more 
effective" on the mice. "Clearly Pauling 
did not want that published." Scoff's 
Pauling, "I've been interested in raw 
fruits and vegetables ever since Dr. 
Robinson wore knee pants." 

His ouster as president, claimed Rob-
inson, cost him a job that promised ten-
ure until he was 65. After four and a half 
years of legal jousting, says Pauling, he 
settled because "it was cheaper than to 
continue." Robinson has used some of 
the money to open his own research lab-
oratory on a 250-acre farm near Cave 
Junction, Oregon. 0 

Robinson in Oregon: fruits of a suit 
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(ENVIRONMENT) 

WHO WILL STOP 
THE ACID RAIN? 
Scientists are answering perplexing questions 
about it—and finally Washington may act 
by JAMIE JAMES 

The serene waters of Big Moose 
Lake, in the western Adirondack 
Mountains of upstate New York, 

have the deep, crystalline blue of a wa-
tercolor on a fly-fishing calendar. On all 
sides are woods, the tall trees marching 
to the lakeside. It is a setting of great 
beauty and tranquillity. 

It is too tranquil. No brook trout 
break the surface of Big Moose, as they 
did in great numbers a few years ago. 
And the lakeside is silent because the 
voices of chirping tree frogs, of loons 
and kingfishers, have been hushed by 
the same insidious poison that killed the 
trout. The crystalline clarity of the wa-
ter results from its acidity—ominous ev-
idence that, like hundreds of other lakes 
in eastern North America, Big Moose is 
dying, a victim of acid rain. 

The effects of acid rain on wilderness, 
severe as they are, are only part of a 
phenomenon that has growing ecologi-
cal, economic, and political implica-
tions. Farmers^.are" increasingly con-
cerned about the possibility of serious 
damage to their crops from acid precipi-
tation. Even man-made structures and 
monuments have suffered. The corro-
sive rain is literally dissolving vulnera-
ble building materials such as stone and 
bronze. Its effect on drinking water 
may pose a threat to human health. And 
it has soured relations between Canada 
and the United States: Canada blames 
American industry for the acid rain en-
dangering its woodlands. 

Now, after two government-spon-
sored studies confirmed in June that in-
dustrial smokestack emissions play the 

major role in forming acid rain, and 
suggested that something can—and 
should—be done about it, the Environ-
mental Protection Agency is taking ac-
tion. In a major policy shift, the agency 
this fall will recommend legislation re-
quiring heavy reductions in the air pol-
lution responsible for the problem. 

Acid rain is not confined to eastern 
North America. Some 20,000 lakes in 
Sweden have been affected. The deadly 
precipitation has reached such dire pro-
portions in West Germany that the Brit-
ish journal Nature recently headlined 
an acid-rain story: TOO LATE FOR THE 
BLACK FOREST? I n C h i n a ' s i n d u s t r i a l 
city of Chongqing (Chungking), Song 
dynasty sculptures that survived 800 
years of weathering have lost many of 
their features after only a few years of 
heavy acid rain. Researcher^ near Los 
Angeles have measured fog with a pH* 
of 2—more acidic than vinegar. 

Although a small amount of acid rain 
is produced naturally (by, among other 
things, volcanic eruptions), it results 
largely from sulphur dioxide and nitro-
gen oxides created by the burning of 
fossil fuels. Automobile exhaust fumes 
are partly to blame, but the worst cul-
prits by far are coal-burning utilities, 
which are responsible for 86 per cent of 
the man-made sulphur dioxide in the 
atmosphere. In the presence of sun-
light, which acts as a catalyst, these 
gases react with water vapor to be-

* Scientists measure acidity on the p H scale. Dis-
tilled water, with a pH of 7, is neutral; the lower the 
pH, the more acidic the substance. A pH greater 
than 7 denotes alkalinity. 

A coal-f ired generating plant in Ohio pourimo 
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Neutralizing acidic Asnacomet Pond in Massachusetts with lime 
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come dilute sulphuric and nitric acids-
acid rain. Scientists believe that acid 
rain kills trees primarily by soaking 
into the earth and reacting chemically 
with clays to release aluminum and po-
tassium. These metals are toxic to the 
fine root systems of trees. The metals 
are then carried into lakes and other 
bodies of water, where they kill aquat-
ic life—especially fish, which are ex-
traordinarily vulnerable to aluminum 
poisoning. 

Scientists have long been aware of 
the pernicious effects of acid rain, but 
some questions about the phenomenon 
remained incompletely answered. Ex-
actly how is it formed? Is there a direct 
connection between man-made air pol-
lution and acid precipitation? Would in-
dustrial controls be effective? 

Two reports appearing in June—one 
issued by the National Academy of 
Sciences (NAS), the other by a re-

view panel under the auspices of George 
Keyworth, the White House science 
adviser—provided some definitive an-
swers and recommendations: 
• Acid rain comes from man-made 
sources. 
• Further pollution controls would re-
duce it. 
• Such controls should begin now. 

These unequivocal conclusions led 
the EPA to re-evaluate its acid-rain poli-
cy. An internal task force recently re-
ported to the agency's administrator, 
William Ruckelshaus, on the choices 
available to him. These range from 
BAU, bureauspeak for "business as usu-
al," to sweeping reductions in sulphur 
emissions. Insiders say that the agency 
staff is recommending annual reduc-
tions as high as 12 million tons, or about 
50 per cent. Partly" because of the ap-
proaching presidential primary in New 
Hampshire, a state hard hit by acid 
rain, Ruckelshaus is expected to pro-
pose late in September an intensive 
emissions-control program—a radical 
departure from the EPA's long-stand-
ing antiregulatory stance. 

The reports and the changing mood 
at the EPA doomed the Reagan admin-
istration's position on acid rain: that 
the problem was not well enough un-
derstood, and that expensive pollution 
controls might not work and therefore 
ought not to be rushed into. This policy, 
supported by industry, had been bol-

stered by some European air-quality 
findings indicating that the connection 
between emissions and precipitation 
might not be direct. Although some 
American scientists felt that the Euro-
pean data were faulty, NAS committee 
chairman Jack Calvert, senior scientist 
at the National Center for Atmospheric 
Research in Boulder, Colorado, says 
that the administration's position was 
reasonable: "Nature is very complicat-
ed. We can't expect to understand ev-
ery change that takes place in the 
atmosphere." 

But the NAS study resolved some of 
the uncertainty about acid rain. It found 
that the relationship between emissions 
and acid depositions in the eastern 
states, averaged over a year, is linear: a 
50 per cent decrease in pollution, for ex-
ample, would result in a 50 per cent de-
crease in acid rain. While the report 
made no recommendation about con-
trols—"That wasn't our mandate," says 
Calvert—the Keyworth panel urged im-

mediate action to reduce emissions 
of sulphur compounds into the atmo-
sphere. Although the panel will not pub-
lish its full report for several months, 
members decided to release the summa-
ry because they felt a sense of urgency. 

"We're persuaded," says William 
Ackermann, professor of civil engineer-
ing at the University of Illinois and vice-
chairman of the panel. "The stakes are 
quite high, because some impacts are 
only slowly reversible, or perhaps irre-
versible." One worrisome impact, he 
says, is that increased acidity may be 
dangerously disturbing the microor-
ganisms in soil that are responsible for 
degrading natural wastes. These mi-
crobes constitute the bottom of the food 
chain, turning dead plants and animals 
into the nitrogen and carbon essential 
for life. 

Many scientists are still puzzled by 
some aspects of acid rain. For example, 
they cannot link emissions with acid 
deposits except in the most general 
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New from NRI • • • 

Industrial Electronics 
with color computer. 

Get a head start in the 
emerging technologies with 
practical training in control 
systems, instrumentation, 
robotics, optoelectronics, 
and lasers. Exclusive 
computer-aided instruction! 

Here's the training that gets you into 
the heart of American industry's rebirth. 
Over $5 billion a year will be spent in 
automation alone...$2.3 billion in com-
puterized control systems... $600 million in 
industrial robots and robotics is only just 
getting underway! To help meet the soaring 
demand for people to operate, maintain, 
repair, and design these control systems, 
NRI has created the only complete training 
in Industrial Electronics for Instrumenta-
tion and Control Tfechnicians. 

Your training includes the TRS-80 color 
computer, the NRI Discovery Lab, interfac-
ing breadboard, digital multimeter, fre-
quency counter, computer-assisted training 
programs, audio instruction tape, and 46 
profusely illustrated lessons. 

(TRS-80 is a trademark of the Radio Shack division of Tandy Corp.) 

Learn on Your Own 
Computer 

NRI training is more than lessons... 
it's experiences. You learn by doing, 
using the TRS-80™ color computer to learn 
about control systems, programming, and 
troubleshooting. It comes with special 
computer-aided instruction programs to 
speed learning, is expandable for business 
and personal computing, and is yours to 
keep. And that's just the beginning. 

NRI's exclusive Discovery Lab® is de-
signed to interface with your computer and 
special breadboarding card so you build 
demonstration circuitry, "see" inside your 
computer, and follow its operation. You also 
get professional quality instruments, in-
cluding your own digital multimeter and 
CMOS frequency counter. You'll use them 
during your hands-on training, keep them 
to use in your work. 

No Experience Needed 
Your NRI training is thorough and 

complete. Starts you with the fundamentals, 
builds step-by-step up to the most advanced 
concepts. You learn about automatic con-
trol and feedback systems, control motors, 

numerical control systems, lasers and 
optoelectronics, robotics, microprocessors, 
instrumentation, computer peripherals, 
and much more. NRI keeps you up with 
technology to make the most of the big 
demand for control and instrumentation 
technicians. 

Send for Free Catalog 
Send the postage-paid card for NRI's 

big electronic careers catalog. There's no 
cost or obligation, and no salesman will 
call. In it, you'll find complete lesson plans, 
equipment descriptions, and career oppor-
tunities in this exciting field. You'll also get 
information on almost a dozen other elec-
tronic courses including Microcomputers, 
Electronic Design, TV/Audio/Video Servic-
ing, Digital Electronics, and more. Act today 
and get on with your future. If card has been 
used, write to us. 

NRI Schools 
McGraw-Hill Continuing 

Education Center 
3939 Wisconsin Ave. 
Washington, D.C. 20016 SVifl 

i .'nit 
We'll give you tomorrow. 



(PHYSICS) 

K.C. COLE: 

Beyond 
Measurement 

£ £ "^Phe only way a scientist can start 
I to understand something is to 
I describe it, to measure it and 

name it." So wrote paleoanthropologist 
Donald Johanson in Lucy: The Begin-
nings of Humankind. Yet as a tool of sci-
ence, measurement turns out to be as 
tricky as it is useful. Reality and its mea-
surement are tied in so many knots that 
it is hard to untangle the axioms from 
the inferences, the assumptions from 
the conclusions. We imagine our yard-
sticks to be rigid, precise, and direct, 
while actually they are elastic, fuzzy, 
and inferential. Or as Nobel Prize win-
ning physicist Werner Heisenberg cau-
tioned: "We have to remember that 
what we observe is not nature herself, 
but nature exposed to our method of 
questioning." 

This may seem, on the surface, outra-
geous. After all, what is more scientific 
than measurement? Physicists at the 
Stanford Linear Accelerator Center, for 
example, routinely take precise mea-
surements of such esoteric things as the 
"emptiness" of a vacuum, the mass of a 
subatomic particle, the lifetime of an en-
tity that exists for mere trillionths of a 
second. Such measurements are neces-
sarily indirect: lifetimes of particles are 
measured by the lengths of the tracks 
they leave in bubble chambers; vacu-
ums are measured by such indicators as 
how fast a hot filament cools off in them 
(the better the vacuum, the fewer air 
molecules there are to carry the heat 
away, so the longer it takes to cool). 

Surely, such measurements are ex-
act. Yet the truth is that their meaning 
remains somewhat obscure, if only be-
cause they depend on such murky con-
cepts as time, space, and temperature. 

Take time, for example. "Like other 
physical quantit ies," says physicist 
Hermann Bondi, "time is defined by the 
means used to measure it." A pendulum 
clock measures the period of the pendu-
lum swing, just as atomic clocks mea-
sure the frequency of vibration of the 
hydrogen atom. What the clock actually 
measures is only the relationship be-
tween events taking place within the 
atom. It is as much a definition of what 
we mean by time as it is a measure of it. 
Yet it allows us to compare such unre-
lated things as atomic vibrations and 
planetary orbits, the rhythm of heart-
beats and the gestation periods of 
babies. 
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Or consider temperature. The way 
you take the temperature of something 
is by reading an indicator on a ther-
mometer. Actually, you are taking the 
thermometer's temperature. This will 
also tell you the temperature of the 
things you want to measure once the 
temperature of the object and that of 
the thermometer are the same. But for 
this to happen, heat must be exchanged. 
If the thermometer starts off colder 
than, say, the roast, it will draw a small 
amount of heat from the roast, making 
the roast colder. As Isaac Asimov points 
out, "This difficulty could be circum-
vented if the thermometer happened to 
be exactly at the temperature of the 
[roast] to begin with. But in that case, 
how would you know the right tempera-
ture to begin with unless you measured 
it first?" 

Separating the results of measure-
ment from the act of measurement is al-
ways a delicate procedure. This does not 
trouble you when, for example, you try 
to measure the length of a tabletop, no 
matter how many molecules you might 
rub off in the process. With the proper 
instrumentation, you could measure a 
milligram of dust to within a trillionth 
of a centimeter. But there are two 
realms in which the subtle interplay be-
tween measurer and measuree takes on 
tremendous importance: the realm of 
people and the realm of atoms. 

In the realm of atoms, these innate 

limits on measurement are embodied 
in Heisenberg's famous "uncertainty 

principle." Say you want to measure the 
exact location of an electron and also its 
exact motion. If you look at it with low 
energy light so as not to disturb its mo-
tion, the resolution will be too fuzzy to 
pinpoint its position clearly. On the oth-
er hand, if you use high-energy light for 
a sharp focus on position, you give t-he 
electron such a jolt that it changes its 
motion. Depending on the tool you 
choose, you can measure either the posi-
tion or the motion precisely, but not 
both. 

When it comes to measuring people, 
"uncertainty" also plays a major role. 
The most famous example is the series 
of intelligence tests performed by the 
U.S. Public Health Service in 1912 on 
immigrants at Ellis Island. According 
to the tests, 83 per cent of the newly ar-
rived Jews were feeble-minded—along 

with 80 per cent of the Hungarians, 67 
per cent of the Russians, and 79 per cent 
of the Italians. To say that the test itself 
might have played a part in creating 
this outcome is to say the least. 

Yet while measurements of quantum 
phenomena have been considerably re-
fined since the early 1900s to account 
for such effects as relativity and the Hei-
senberg limitations, fundamental as-
pects of measuring intelligence have 
remained unchanged. This dismays psy-
chologists Alan and Nadeen Kaufman 
of the California School of Professional 
Psychology at San Diego, authors of a 
radically new approach to intelligence 
testing for children. "In the past few 
decades, there has been a tremendous 
amount of new research into how the 
brain works," says Alan Kaufman. 
"But virtually none of this has been ap-
plied to measuring intelligence." 

The Kaufmans think that measure-
ments of intelligence have been mud-
died by many of the same misunder-
standings that once obscured areas of 
physics. Motion, for example, remained 
rather mysterious until Newton took a 
more measured look and discovered 
that "motion" was really a combina-
tion of several distinct factors: mass, 
acceleration, velocity, and so on. Simi-
larly, recent brain research has re-
vealed that thought itself is a combina-
tion of at least two quite different 
processes, each occurring in its own 
separate hemisphere of the brain—one 
sequential and analytical, the other in-
tegrative and creative. The two seem to 
complement each other much as the 
measurement of a particle's motion 
complements the measurement of its 
position. And it is this complementarity 
that the Kaufmans are trying to cap-
ture in their split-brain intelligence 
test, the Kaufman Assessment Battery 
for Children. The tests incorporate two 
distinct kinds of tasks, one directed to 
the right hemisphere's way of thinking 
and one directed to that of the left. "We 
are basing the tests on theory," says 
Alan Kaufman, "and the theory says 
that intelligence is two-pronged." Men-
tal ability, like matter itself, is a many-
faceted thing. 

The true value of measurement, in 
fact, seems to lie not in determining ex-
actly how much of something there is, 
but rather in reaching a clearer under-
standing of what it is. If it seems hard to 

put a finger on electrons, it may be be-
cause we have not yet come to terms 
with the true nature of electrons. "It is 
probably as meaningless to discuss how 
much room an electron takes up," re-
marked British physicist Sir James 
Jeans, "as it is to discuss how much 
room a fear, an anxiety, or an uncertain-
ty takes up." 

Similarly, because we do not fully 
grasp the nature of intelligence, 
we have yet to come up with a clear 

measure of it. Einstein was a notorious-
ly bad student, and>Niels Bohr, the 
founder of quantum theory, had diffi-
culty following the plots of simple West-
erns. Physicists who knew them de-
scribe both geniuses as slow—a term 
most people take to be synonymous 
with stupid. Yet physicist Hendrik Casi-
mir attributes Bohr's slowness to the 
fact that "he thought about so many 
sides of a question that it took him a long 
time to reach a conclusion." 

Curiously, however, the very inabil-
ity to measure things has led to at least 
as many major breakthroughs as mea-
surements themselves. The Heisenberg 
uncertainty principle established a uni-
versal limit of smallness, and so gave 
energy and matter (and perhaps space 
and time) a grainy quality rather than a 
continuous smoothness. Einstein con-
sidered the curious limit to the mea-
sured speed of light and concluded that 
something was wrong with our concept 
of speed. Speed, after all, is the product 
of space and time (miles per hour). So if 
speed was a constant, perhaps time and 
space could be variable. 

Measurement is not an end in itself, 
but it is a means that ends in a great 
deal of invention and discovery. To 
make a thermometer in the first place, 
you need to know something about how 
the energy of molecular motion in a 
roast is related to the rising column of 
mercury in a tube. To measure very hot 
things, like stars, you need to know how 
temperature is connected with color; to 
measure very cold things, you need to 
know how cold affects electrical resis-
tance in various kinds of metals. As No-
bel Prize winner Sir Peter Medawar 
wrote in Advice to a Young Scientist: 
"Quantification as such has no merit ex-
cept insofar as it helps to solve prob-
lems. To quantify is not to be a scientist, 
but goodness, it does help.'' [•] 
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Eating to 
Nutritionists' advice is ^ ^ down to earth c 

Reporter: Suzanne Wymelenberg 

On a sweltering day last July, 
21 men and four women gath-
ered at Downing Stadium on 

New York City's Randall's Island for 
the ultimate foot race. For six days and 
nights they battled fatigue and 100-
degree temperatures as they slogged 
around the quarter-mile track. Their 
aim: not only to win, but also to beat the 
ultra-marathon world record, set in 
1888 by George Littlewood of England, 
who ran 623 miles and 1,320 yards in 
144 hours. 

The runners in New York did not 
come near Littlewood's record; New 
Zealander Siegfried Bauer won the 
event, covering 511 miles. But they 
probably set at least one record of their 
own. During each of those six torturous 
days of running—with brief stops for 
naps and meals—the runners polished 
off a truckload of food. By the end of the 
race they had consumed hundreds of 
pounds of spaghetti, potatoes, grapes, 
and watermelon, and dozens of cases of 
beer. Many of them, perhaps in the hope 
of gaining that special competitive 
edge, helped themselves to a little some-
thing extra. Some guzzled bourbon and 
cognac out of water bottles as they ran; 
others popped vitamin C capsules and 
spirulina, a protein supplement. 

Food mania among athletes is an hon-
ored tradition. The longest-standing 
myth about food and sport goes back 
2,500 years to ancient Greece, where the 
long-distance runner Dromeus advised 
athletes to dine regularly on large quan-
tities of meat. He believed rightly that 
meat helps build muscle—but assumed 
wrongly that it would fuel the eater to 
victory. Modern sports figures have had 
their own eating idiosyncrasies. Babe 
Ruth used to binge regularly on whiskey 
and steak, hot dogs and beer; former Los 
Angeles Rams defensive end Fred Dryer 
swallowed 70 raw egg yolks a week. 
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Win 
I 

i and sometimes surprising by SANA SIWOLOP 

Today, athletes regularly tout the 
benefits of everything from wheat-germ 
oil, lecithin, and bee pollen, to gelatin, 
kelp, and brewer's yeast. Can athletes 
eat to win? Most nutritionists agree that 
no single food will improve athletic pe-
formance, although a number of foods 
are essential for peak health and others 
can improve endurance, crucial in many 
competitions. Some foods, or too much of 
others, can actually impede perfor-
mance. But no formula will turn a 97-
pound weakling into a decathlon cham-
pion. Says Sarah Short, a professor 
of nutrition at Syracuse University, 
"There is no magic diet. To become 
physically fit, you need good genes, good 
conditioning, and a balanced diet." 

Still, athletes keep searching for the 
winning diet, and for many of them now 
the magic word is carbohydrates. The 
carbohydrate fanciers are particular 
about the kinds they eat, choosing com-
plex starches such as bread, pasta, and 
potatoes over simple sugars like candy 
bars or soft drinks. The body breaks 
down most complex molecular chains of 
starches more slowly than simple sug-
ars. A candy bar can actually lower 
blood-sugar levels by stimulating the 

release of too much insulin, causing 
fatigue. New York runner Tarak Kauff 
is one of the many athletes who have cho-
sen the complex carbohydrate regimen. 
Last year he ran more than 8,000 miles 
through all 50 states on just such a diet. 

Physiologically, carbohydrates make 
sense. During light to moderate exer-
cise like walking, muscles draw mostly 
on fat for fuel. But as exercise increases 
in intensity, muscles switch to a more 
efficient fuel: glycogen, the stored form 
of carbohydrates that is present in both 
muscle cells and the liver. Without gly-
cogen, the body is forced to burn fat and 
protein, an unhealthy alternative. Fat 
burns inefficiently in the absence of car-
bohydrates, polluting the body with 
toxic waste products that can cause 
nausea and fatigue. Protein is a poor 
fuel, too. Only about a third of it can be 
burned for energy. The body excretes 
the rest as nitrogen, which, in excess, 
can overburden the kidneys. 

Supplies of glycogen in the body are 
limited: only about three ounces are 
stored at a time. For a sedentary person, 
that is about half a day's worth of energy, 
but a marathon runner keeping up a five-
minute-mile pace can run out of glyco-
gen in about an hour and a half, before he 
completes the 26-milecourse. When that 
happens—runners call it "hitting the 
wall"—an athlete may feel exhausted 
and dizzy, and lose his coordination. 

One way that some athletes have 
been putting more distance between 
themselves and the "wall" is a nutri-
tional trick called carbohydrate load-
ing, the brainchild of Erik Hultman, a 
Swedish exercise physiologist. In the 
late 1960s, searching for a way for 
cross-country skiers to build up reserves 
of glycogen, Hultman hit upon a combi-
nation of diet and exercise. He found 
that by draining muscles of glycogen a 
few days before competition through 
strenuous training and a low carbohy-
drate diet, then shifting to a carbohy-
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drate binge just before a meet, his skiers 
could double or even triple their glyco-
gen reserves. The sudden depletion of 
carbohydrates in the initial phase some-
how increases the action of the enzyme 
that produces and stores glycogen. Ex-
plains Marilyn Schorin, a nutritionist at 
Rutgers Medical School, "The idea is to 
overshoot what would normally be 
stored, to create superloaded muscles." 

Carbohydrate loading seems to 
work, but it is not for everyone. 
The regimen is most useful for 

such endurance athletes as long-dis-
tance runners, cyclists, swimmers, and 
cross-country skiers, who exercise in-
tensively for three or four hours at a 
stretch. Athletes who do not compete 
continuously for more than an hour, 
such as football players or sprinters, 
may find it useless. But even for endur-
ance athletes, carbohydrate starvation, 
the first phase of loading, may be unnec-
essary. David Costill, William Fink, and 
Michael Sherman of the Human Perfor-
mance Laboratory at Ball State Univer-
sity in Muncie, Indiana, have shown 
that well trained runners who simply 
eat a lot of carbohydrates for a few days 
before a race perform as well as those 
who reduce their carbohydrate intake 
and then load up. They and other re-
searchers think that rigorous training 
should be the athlete's first line of de-
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fense against the dreaded wall. Train-
ing seems to prompt the body to con-
serve carbohydrates by producing more 
of the enzymes that burn fat. 

Some athletes still resist the trend to-
ward more carbohydrates and less pro-
tein. "Steak stays with you longer than 
noodles," insists running back Craig 
James of the Washington Federals. But 
nutritionists are delighted with the 
change. They have tried for years to 
persuade athletes to eat less protein. 
Says Miami sports nutritionist Robert 
Haas, "Protein is the most overused 
food on just about any athlete's menu. 
Almost all of them eat three to five 
times as much as they really need. Most 
of it ends up stored as fat or excreted." 

Too much protein is harmful: it de-
hydrates the body and contributes 
to premature ageing of the kid-

neys. High protein diets also increase 
the body's excretion of calcium—a min-
eral important for building and repair-
ing bones. According to Schorin of 
Rutgers, athletes need no more protein 
than the sedentary American con-
sumes. Tufts physiologist William Ev-
ans generally agrees, but cautions that 
the protein question is far from re-
solved. He has found that during two 
hours of moderate exercise, such as cy-
cling, an athlete can use as much as 90 
per cent of his supply of the essential 
amino acid leucine, a good indicator of 
protein consumption. But because the 
average American man ingests about 
100 grams of protein daily—nearly 
twice the recommended 60 grams—Ev-
ans says not to worry. Only athletes who 
train or perform intensively need to be 
concerned: they may be burning more 

protein than they are taking in, pulling it 
from liver and gut tissue. This can upset 
the body's nitrogen balance and immune 
system, and affect muscle growth. 

Those who take sports or noncompet-
itive exercise seriously might also con-
sider the following advice from nutri-
tionists consulted by DISCOVER: 

Vita m i ns are often a waste. There is 
no evidence that large doses of vitamins 
make athletes run faster or cycle longer, 
but deficiencies of C, D, or any of the B 
vitamins can definitely impair perfor-
mance. Because serious athletes usually 
consume large amounts of food just to 
meet energy requirements, they are un-
likely to be deficient in any of the impor-
tant vitamins or minerals. That includes 
the highly touted vitamin E. Some re-
searchers think that extra amounts of E, 
which helps process oxygen, may im-
prove performance at high altitudes, but 
nutritionist Sarah Short doesn't believe 
E is good even for that. Says she, "Ath-
letes should save their money." Adds 
Gabe Mirkin, assistant professor of 
sports medicine at the University of 

Maryland, "Athletes tend to have the 
most expensive urine in the world." 

Salt tablets are unnecessary and 
possibly dangerous. Exercise causes 
water and salt loss, but the salt is easily 
replenished by a normal diet. Salt tab-
lets increase blood salt concentration, 
putting stress on both the cardiovascu-
lar system and the kidneys, which 
struggle to excrete the excess. Other 
disadvantages: salt pulls water away 
from working muscles, impeding their 
action; it also draws water into the 
stomach, causing nausea. 

Water is the best drink. Athletes 
should drink plenty of liquids, but they 
should watch what they drink—and 
when. Liquids should be drunk especial-
ly before competition and in smaller 
quantities during it, when the stom-
ach's emptying rate slows down. Water 
is better than sugared drinks, which 
slow that process even more, says 
Short. Cold 'water is best, because it is 
absorbed more rapidly than water at 
higher temperatures. The so-called en-
ergy drinks like Gatorade do not meet 
standards recently established by the 
American College of Sports Medicine: 
they contain too much sugar and salt, 
and so can cause stomach cramps, nau-
sea, and even dehydration. 

Coffee can help. A moderate amount 
of caffeine—roughly what would be 
found in two cups of coffee—can aid en-
durance, according to a recent study. 
Caffeine works two ways to conserve 
glycogen supplies. It appears to inhibit 
the action of enzymes that help burn 
carbohydrates, and it breaks down fats 
in the blood, which are delivered to mus-
cles as fuel. 

Alcohol is fine—sometimes. A lev-
el of alcohol in the blood that would be 
extremely dangerous for driving (about 
the equivalent of four beers consumed 
within an hour) seems to have little or 
no effect on athletic performance, at 
least as measured by such factors as ox-
ygen intake and muscular endurance. 
But even very low blood alcohol levels 
can have dramatic effects on hand-
eye coordination, balance, and reaction 
time. A few beers may not bother the 
long-distance runner, but they could 
hurt the performance of the pitcher 
who's trying to throw a well aimed fast 
ball—or the batter who's trying to hit 
one. So much for Babe Ruth and his 
whiskey. ® 
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Decked out in the white and blue 
of NASA after two decades 
cloaked in the eerie black of an 

Air Force spy plane, a U-2 aircraft 
pauses at the end of a runway at Moffett 
Field, 35 miles southeast of San Francis-
co. The huge 80-foot wing span, nearly 
twice the length of the fuselage, gives 
the craft the look of a fragile glider. But 
that fuselage is almost all jet engine. 
When the pilot switches it on, the meta-
morphosis takes but eight seconds: a 
roar, a booming, a thundering like a Sat-
urn rocket, and the frail-looking craft 
blasts forward. After only 600 feet, the 
U-2 is airborne. By the time it clears the 
runway, it is almost two miles high. At 
65,000 feet, the plane levels off and be-
gins spying on the secrets of the solar 

, DENNIS 01 CICCO 

U-2 MISSION: 
TO CATCH THE 
DUST OF COMETS 
With the wings of the spy plane, astronomers collect comet 
dust from the stratosphere and Pring it down to earth 
byGARYTAUBES 

Left: Comet West in a spectacular 1976 fly-by. 

system—not with cameras or telescopes 
but by collecting' the dust of comets. 

Why? Comets are thought to consist 
largely of the primordial stuff of the so-
lar system, which condensed out of a 
swirling cloud of gas and dust 4.6 billion 
years ago. What was the nature of that 
cloud, and what caused it to condense? 
The answers may lie in the comet dust 
that gently rains down from space. 

In a more dramatic—and more expen-
sive—quest for those answers, a fleet of 
French-Soviet, European, and Japa-
nese spacecraft two years from now 
will scout the return of Halley's comet. 
The spacecraft will scrutinize the mate-
rial in the comet's resplendent tail of 
dust and gas, and photograph its icy 
head, perhaps from as close as 600 
miles. But none of them will bring a 
piece of the comet back to earth, where 
it can be thoroughly analyzed. Enter 
the U-2. Each year 10,000 tons of dust 
from comets floats down to the strato-
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males that may wander in. "Every day, 
they'll sit at the boundary of their terri-
tory and wait," says Wrangham, who 
has worked with Goodall. "If they hear 
something, they get very excited and 
begin hugging each other, squealing, 
touching each other's genitals, and go 
streaming down the hillside." 

If the chimps encounter a group of 
two or more strangers, the display will 
be raucous, but rarely deadly; both 
groups will eventually retreat to their 
own territory. "But if there's only one 
stranger," says Wrangham, "the males 
will grab him, one will hold an arm, an-
other a leg, while the third one pounds 
on him." Or a couple of males may drag 
the hapless alien over rocks until he 
dies. During the 1970s a tribe of about 
15 chimpanzees managed to wipe out a 
smaller neighboring group over a peri-
od of months simply by killing off one 
male at a time. It was the most startling 
example of animal genocide ever re-
corded. Today a similar territorial con-
flict appears to be brewing along a dif-
ferent border. 

Weaker males sometimes band to-
gether to attack a dominant male who 
could easily defeat them in one-to-one 
combat. Among elephant seals, most 
males never get to mate at all; that priv-
ilege is reserved for a handful of "al-
pha" males, who guard enormous har-
ems of females (DISCOVER, May). Every 
so often, the have-nots rebel in a frenzy 
of violence. Richard Condit, who studies 
the elephant seals near Santa Cruz, Cal-
ifornia, witnessed one such mob attack. 
A fight between two alpha males had 
ended with one left stunned but alive. 
Suddenly a group of subordinate males, 
barking wildly, leaped onto the downed 
seal, bit him, beat him, crushed him, 
and attempted to copulate with him, un-
til he was dead. Says Condit, "It seems 
they were venting their sexual frustra-
tions on his corpse." 

This runaway libido, as Burney Le 
Boeuf calls it, sometimes turns against 
the one thing that can ease its intensity: 
the female. Males kill females relatively 
rarely—males, after all, need females to 
fulfill their genetic potential—but at 
times it may behoove the male to be a 
rough lover. Subordinate elephant seals 
sometimes gang-rape females while the 
females are trying to hurry out to sea. 
"They've got to do it quickly, before an 
alpha male spots them," explains Le 
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Boeuf. The females are sometimes 
mauled to death in the process. Rape is 
common among orangutans as well; fe-
males struggle, occasionally to the 
death, to prevent unappealing lesser 
males from mating with them. 

Males seem to have even less respect 
for females who are beyond their repro-
ductive years, and kill them when con-
venient or easy, simply to keep them 
from wasting resources. In 1980, Peter 
Veit, who studied mountain gorillas 
with Dian Fossey in Rwanda in central 
Africa, watched an adult male named 
Icarus murder a fellow member of the 
gorilla troop, an ageing female named 
Marchessa (see the photographs on 
pages 80 and 81). The menopausal fe-
male had been lagging behind the rest 
of the group and eating little. One after-
noon, as she lay curled up under a tree, 
Icarus made his move. After hooting, 
beating his chest, and kicking his leg up 
in the air, he grabbed her, pulled her out 
into the open, raised his fists, and 
slammed her chest with a blow that 
practically jerked her into a sitting posi-
tion. Then he tossed her over, and— 
wham!— pounded on her back, again 
and again. "Marchessa let out this loud 
moan," Veit recalls, "and at that point I 
think she died." Icarus continued the at-
tack for hours, taking time out only to 
copulate with an adolescent female 
near by. All the while, Marchessa's 
mate watched impassively. Says Veit, 
"He seemed to know that she was no 
longer reproductively useful." 

Because females are usually out-
matched in the physical war between 
the sexes, they are helpless to protect 
their offspring against an infanticidal 
male. Biologists used to think that in-
fanticide occurred, only during a popu-
lation explosion, and that it was done 
by the parents. Although this sort of in-
fanticide does happen, researchers be-
gan to notice quite another pattern: 
whenever new males invaded a group 
and chased off the resident males, a 
number of infants disappeared. 

Over the years, the cause of the disap-
pearances became clear. While in India 
studying Hanuman langurs—leaf-eat-
ing monkeys—Harvard anthropologist 
Sarah Blaffer Hrdy noticed an invading 
male charge after a mother, attempting 
to snatch away her baby. For several 
days, the other females in the group 
tried to defend the mother and her 

baby. But the male persevered, and fi-
nally managed to deliver a slash to the 
infant's stomach that left the intestines 
exposed. Taking the wounded infant to 
her breast, the mother looked up at the 
sky as though in despair. Says Hrdy, "It 
was the only time in my professional ca-
reer that I wept." 

Since that experience in 1972, Hrdy 
and her assistants have witnessed sev-
eral other cases of infanticide following 
male invasions, and heard of many 
more. Each time, soon after the deaths 
of their babies, the females would be-
come sexually receptive again. Hrdy 
and other researchers considered this 
another example of selfish behavior tak-
en to extremes: by killing another 
male's offspring, the new males has-
tened the time when the females could 
bear their young. 

Females are not entirely helpless 
against an infanticidal male, how-
ever. Biologists have discovered a 

wide array of subtle defense techniques, 
which one researcher termed "an ani-
mal's version of prostitution." In many 
mammal societies, after a new male or 
group of males takes over a harem, 
most of the pregnant females immedi-
ately go into what is called pseudo es-
trus: they will show all the signs of sexu-
al receptivity, even though they could 
not possibly be ovulating. The males 
then copulate with them and are suffi-
ciently confused about the paternity of 
the offspring not to kill them. Less for-
tunate females who lose their newborns 
may try to ensure against future disas-
ters. Female gorillas respond to infanti-
cide in a manner familiar to readers of 
the old Charles Atlas advertisements in 

which the girl departs with the sand-
kicking bully: they leave the father who 
allowed their baby to be killed and run 
off with the murderous male. 

Inf anticide, along with various female 
defenses, has been seen in 13 primate 
species, but some researchers are still 
leery of neat sociobiological explana-
tions. Phyllis Dolhinow, an anthropolo-
gist at the University of California at 
Berkeley, has also studied langur mon-
keys, and she insists that infanticide only 
occurs in a disturbed or overcrowded 
population. And Konrad Lorenz stub-
bornly refuses to regard infanticide as 
the result of selfish behavior. "The in-
stances of infanticide occur for the pres-
ervation of the species," he insists. "It 
became disadvantageous for the group 
to grow overly large, so the weak off-
spring were eliminated." 

Biologists use words like balance and 
equilibrium to describe the mechanism 
that allows competing and cantanker-
ous animals to get by somehow—and a 
delicate balance it is. "I see nothing in 
primate life that I would recommend," 
says Hrdy. "It's a grisly existence, 
which I wouldn't wish on my worst ene-
my." Indeed, the longer biologists study 
animal societies, the more impressed 
they are with the relative tolerance of 
human beings. "If you watch a group of 
baboons for an hour, you'll see all kinds 
of snarling, vicious hostility," says 
Schaller. "Humans get along remark-
ably peacefully by comparison." That is 
no cause for human smugness, howev-
er. It took the Gombe chimps several 
years to kill a tribe of five rivals, but 
with modern technology, man can de-
stroy several million times that number 
in a matter of seconds. ® 

Male hippopotamuses battle until they are red in tooth and jaw 
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beaming owner, Steven Dodson, a 
teacher from Sudbury, Ontario. 

Near by, John Vogt, a Long Island in-
surance agent, sipped a glass of wine, 
thought of going to bed, and then 
peered at the crowd waiting to look 
through his telescope at the Dumbbell 
nebula—a purplish smudge of gas illu-
minated by the blue-hot cinder of a star 
1,250 light-years away. He thought 
again, and declared that he would be 
there until the moon rose and its light 
washed out the deep black sky. 

They were pointed hither and yon, all 
over the rocky mountain, like needles in 
a pin cushion: tall barrels of aluminum, 
fiber glass, and cardboard, painted yel-
low, blue, or red; squat cannons of ply-
wood, mahogany, and brass; long, deli-
cate refractors and wide, gleaming 

reflectors, bending and bouncing rays 
from distant suns and lordly galaxies 
into the eyes of eager stargazers. 

Few astronomers treasure the sights 
of the universe more than do the hardy 
and patient amateurs who explore the 
cosmos with homemade telescopes, who 
suffer bruised fingers and hours of base-
ment labor grinding mirrors or machin-
ing mountings to the often frustrating 
perfection needed to collect and focus 
starlight. On the first weekend in Au-
gust, as they have almost every year 
since 1926, aficionados and practitio-
ners of the art of "glass-pushing" 
gathered on Breezy Hill in Springfield, 
Vermont, for the Stellafane amateur 
telescope makers' convention. About 50 
of the 2,000 in attendance came to sub-
mit their home-built instruments to the 

judgment of their peers in one of the 
most demanding and least lucrative 
contests in the world. For the rest, it 
was a time to camp and commune on the 
grassy slopes of the 1,200-foot-high hill, 
swap parts and ideas, and stargaze. 

In returning to Stellafane (a "shrine 
to the stars," from the Latin), as the 
mountaintop clubhouse of the Spring-
field Telescope Makers is called, the am-
ateur builders of telescopes return to 
their roots. It was here in the 1920s that 
Russell Porter, an artist, arctic explor-
er, and architect who later helped de-
sign the 200-inch telescope on Palomar 
Mountain, began teaching a small 
group of Vermont machinists how to 
build telescopes. 

He left a legacy of independence and 
ingenuity that was evident in the group 
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assembled on Breezy Hill this year. 
Most of them taught themselves astron-
omy and take telescope-making serious-
ly enough to sit in a hot tent and listen to 
(as well as give) learned talks on such 
matters as double-cam tangent-arm 
drives or optical design. 

Many have been coming every sum-
mer since they were teen-agers, and 
would not dream of being anywhere 
else early in August. "There are other 
conventions," says Long Islander Phil 
Harrington, who has been showing up 
regularly since 1969, "but this one has a 
special mystique." 

"Over the years," says Doug McGre-
gor of the Springfield Telescope Mak-
ers, "everybody who is anybody in ama-
teur astronomy has passed through." 
So have some well known professionals. 
Among them was this year's Saturday 
night speaker, Harvard physicist Paul 
Horowitz, who briefed Stellafaners on 
SETI, the search for extraterrestrial in-
telligence. As a Harvard graduate stu-
dent, he brought a telescope to Stella-
fane and won second prize. 

Horowitz estimates that he spent a 
hundred hours in Harvard's machine 
shops to build his instrument; some as-
tronomers claim to have logged more 
than a thousand. It might seem that the 
long hours spent building and then us-
ing a telescope can be a strain on a mar-
riage. The Stellafane crowd is over-
whelmingly male. But McGregor says, 
"My wife knows I love astronomy, and 
that it makes me a better person." Pain 
is no stranger to the glasspushers. Da-
vid Levy, a writer from Tucson, arrived 
on Breezy Hill with a bandage around 
his hand, which he had impaled on a 
screwdriver while removing the mirror 
from his telescope. He explained, "In or-
der to save the mirror, I had to let the 
screwdriver go in." 

That kind of devotion was typical of 
the contenders who displayed their in-
struments on the hilltop on Saturday for 
the official telescope judging. Fifteen-
year-old David Chappell came from 
Idaho Falls with a reflector driven 
by a wind-up motor from an old Victro-
la. Like most contestants, he admitted, 
"I just finished it on the way out 
here." The biggest telescope, which 
set a Stellafane record for size, was 
Vogt's 24-inch reflector. Another mon-
ster was Dodson's 22-incher, which Dod-
son transports on a trailer to fairs and 

meetings throughout the East to give 
people a giant's eye view of the heavens. 

The youngest telescope makers were 
Alexander Nibas, 10, from Old Green-
wich, Connecticut, and Michael and Ju-
lia Liebas, 12 and 13, from New York 
City. The three had ground their mir-
rors in a class at Manhattan's Hayden 
Planetarium. Another newcomer was 
David Astafan, a 34-year-old carpenter 
from upstate New York. Using com-
mercial optics, he had built his 12.5-inch 
Newtonian reflector with a motor-driv-
en equatorial mount. "At first I was go-
ing to build a six-inch, and then an eight-
inch, but it just kept getting bigger," 
said Astafan, who spent a year and half 
on the project. "It 's my first scope—and 
probably my last for a long time." 

Not everybody builds reflectors. To 

Cicco, an editor at Sky and Telescope 
magazine, "Not everyone has a ma-
chine shop in his basement." 

In recent years, bad weather has in-
terfered with the optical judging, which 
is done by viewing the star Vega 
through the telescopes. It seemed as if 
the jinx would hit again this year when 
a thunderstorm rolled through the 
overcast skies on Saturday afternoon, 
causing the telescope makers to throw 
tarpaulins over their scopes and huddle 
underneath. But by dinnertime, when 
the judges began strolling through the 
displays, bestowing ribbons on the win-
ners, the skies had begun to clear. When 
the judges stopped to put a pair of blue 
ribbons on Astafan's telescope, his 
friends cheered. He had tied with Gerry 
for first prize in design and craftsman-

reduce the length of his telescope tube, 
Richard Gerry, a retired engineer, had 
built a "folded refractor," with lenses 
and a mirror that bends the light path 
almost back on itself. That was neces-
sary, he explained, to fit the telescope 
into his back-yard observatory in Buck-
land, Massachusetts. 

The rewards for all this labor and 
ingenuity are rather simple—a blue 
ribbon and the chance to become part 
of Stellafane tradition. The Stella-
fane judges, accomplished amateur tele-
scope makers, guard that tradition jeal-
ously. Prizes—for design, craftsman-
ship, and optics—are awarded with an 
eye to resourcefulness and use of avail-
able materials. Says judge Dennis di 

ship. Twirling Astafan's telescope on its 
mount, di Cicco commented judiciously, 
"He really knows balance." 

Astafan seemed abashed and dazzled 
by his telescope's debut. Only just fin-
ished, the telescope had never been out 
of his house, and hardly anybody had 
seen it. He said, "You never know how 
people are going to respond." 

It was early Saturday morning before 
the judges gave the coveted blue ribbon 
for optics to a refractor built by Michael 
Mattei, an optician from Littleton, Mas-
sachusetts. By then the amateur astron-
omers still crowding the dark mountain-
top felt that they too had received their 
reward—a night on Breezy Hill sur-
rounded by telescopes and the stars. [•] 

87 DISCOVER / OCTOBER 1983 

Getting a peek through Mike Mattel's prize-winning refracting telescope 



Reviews 
EXHIBITIONS 
Stolen Treasure, 
Missing Links 
Explorers Hall, National Geographic Society 
Washington, D.C., through December, 
touring thereafter 

For months in the spring and summer of 
1533 the forges in the occupied Incan 
town of Cajamarca were busy. The 
Spanish conquistador Francisco Pizarro 
was holding the Incan emperor, Ata-

hualpa, hostage, and Atahualpa had 
promised to fill a room with gold and sil-
ver in return for his freedom. From the 
corners of his empire the Inca called in 
the ransom treasure, and the Spanish 
conquerors set Indian smiths to work 
melting it all down; the bullion produced 
would command close to $90 million to-
day. Pizarro welshed on the deal, how-
ever, and executed Atahualpa. 

Pizarro and his men soon found an 
even greater hoard of gold in the Incan 
capital of Cuzco: lifelike statues, intri-
cately sculptured vases, and, in the 
Temple of the Sun, a garden filled with 
exquisitely formed flowers and plants. 
All.of it went into the furnaces. 

That the species Pizarro is not dead is 
the urgent message of this dramatic, if 
didactic, exhibit of pre-Columbian Peru-
vian artifacts. The conquistadors man-
aged to destroy all but a f raction of Incan 
metalwork, but they overlooked other 
fine examples of the culture's art. The 
Spaniards who pillaged Cuzco left chests 
full of splendid feathered garments for 
their Indian allies to take. Chroniclers of 
the Spanish conquest scarcely mention 
pottery. Yet, as later generations of for-
eign collectors learned, textiles and ce-
ramics were among the most brilliant 
achievements of the Andean cultures 
that culminated in the Incan empire. 
The thievery of these things goes on: all 
of the 500 objects on exhibit were recov-
ered by customs officials from art im-
porters trying to smuggle the loot into 
the United States. 

This is magnificent booty, represent-
ing 2,500 years of Peruvian culture. 
Here is the work of the obscure Chavin 
society of the first millennium before 
Christ; their artistic style spread widely 
through the region—not by conquest, 
scholars think, but through religious in-
fluence and trade. Further up the curve 
of Andean civilization are dazzling tex-
tiles and pottery from the Nazca people 
of southern Peru, who created the puz-
zling Nazca lines and gigantic animal-
shaped earthworks intelligible only 
when viewed from the air. The Moche 
people, near-contemporaries in the 
north, left more clues to their society: 
besides the usual mythological motifs, 
their elaborately modeled pottery car-
ried realistic images of warfare and a 
ruling elite. A photographic mural of 
the remains of the vast Chimu capital of 
Chan Chan suggests the power of a soci-
ety that endured more than 500 years 
before falling to the Incas. 

The very uncertainty of archaeolo-
gists about these cultures drives home 
a basic point of this exhibit: that an-
cient artifacts removed from the con-
text in which they are found become 
"missing links"—identifiable, perhaps, 
but of little use in tracing the patterns 

of the cultures that produced them. 
Unfortunately, these treasures are 

not displayed to best advantage in Ex-
plorers Hall. Some of the arrangements 
seem designed to impress by offering a 
massed array of objects; the effect is 
clutter. Smaller, thematic groupings 
are instructive but also need more 
space. The solitary beauty of a few 
pieces suggests what might have been. 
Only 250 objects will go on tour, but 
that will be more than enough in the 
hands of the right curator. —Mayo Mohs 

BOOKS 
The Whys of a 
Philosophical Scrivener 
by MARTIN GARDNER 
Quill, $22.50; $12.95 paper 

This book will surprise—perhaps even 
shock—fans of Martin Gardner, espe-
cially those who know him only from 
his witty and whimsical writings on 
mathematical games and puzzles, his 
Annotated Alice deciphering Lewis 
Carroll, his reductio ad absurdum expo-
sures of parapsychology, and his deft 
explanations of such modern scientific 
conundrums as relativity and quantum 
theory. Herein the master of the playful 
line turns serious and confessional, fi-
nally—at age 68—making known his 
fundamental views on life. 

They are not what one might expect 
from an apostle of the rational. Gardner 
announces that he believes in the exis-
tence of God—not the pantheistic God of 
Spinoza or Einstein, but an omniscient 
creator who would be recognizable to 
anyone immersed in the Judaeo-Chris-
tian tradition. Gardner is deeply con-
vinced of the possibility of a soul and an 
afterlife, if not of a conventional heaven 
or hell. He writes movingly about the 
benefits of prayer, not merely for its 
possible psychological value but also be-
cause God may actually heed it. 

Many Gardner admirers may wonder 
whether the celebrated skeptic has lost 
his nerve, as pious legend had Voltaire 
on his deathbed beseeching last rites 
from a church long scorned. Clearly, he 
has not. Gardner admits that he can no 
more prove the existence of God or an 
afterlife than, in his view, the Scholas-
tics of the Middle Ages did. Such mat-
ters, he insists, are beyond logic and 
reason. "I am not dismayed by myster-
ies, " h e writes. 

Above, a Moche ceramic boat dating 
from A.D. 250; below, a Nazca vase 
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Reviews 

In dealing with the mysterious as 
well as the mundane, Gardner ranges 
dazzlingly across the philosophical 
spectrum, from Aristotle and Aquinas 
to such moderns as William James and 
John Dewey, and including a special fa-
vorite, the Spanish writer Miguel de 
Unamuno. Yet even when discussing 
such awesome topics as the Creator, 
destiny, and free will, Gardner's char-
acteristic puckishness prevails. How, 
for example, he asks, might God answer 
a prayer without tipping his hand? Look 
to quantum mechanics, he says, since it 
shows that ultimately everything in the 
universe depends on the behavior of ele-
mentary particles like photons and elec-
trons. Writes Gardner: "By a clever 
alteration in the probabilities that de-
termine the properties of quantum sys-
tems, perhaps God is altering events on 
the microlavel." In other words, God 
could be loading Einstein's famous dice. 

Outlandish? Perhaps, but one need 
not always agree with Gardner's views 
to be informed or entertained by them. 
Why is he not a solipsist, who believes 
that only the self exists? Because, says 
Gardner, "there has never been an au-
thentic solipsist outside a mental insti-
tution." He dismisses anarchists as "a 
ragtag army of naive narcissists who 
want to be left alone to behave as they 
please." He assails Marx as a master of 
bombast, whose theories were as over-
blown as his beard ("What did that fel-
low look like under all that brush? "). 

The debunking spills over into long, 
witty footnotes. Among the targets: 
Thomas Kuhn, creator of the scientific 
paradigm, for no less a sin than misun-
derstanding the workings of science. 

Other than revealing that he is the 
son of a wildcat oilman in Tulsa, studied 
philosophy at the University of Chicago, 
and served two years aboard a destroy-
er escort in World War II, Gardner pro-
vides few autobiographical clues to the 
major philosophical turns in his life: 
why he strayed from the Methodist or-
thodoxy of his parents, why he chose 
democratic socialism (as opposed to the 
more radical leanings of many of his 
contemporaries in the 1930s and 1940s), 
and how he came to his lifelong calling 
as a critic and commentator. Unlike his 
garrulous friend Isaac Asimov, who has 
written more than 1,000 pages of auto-
biography, Gardner prefers ideas to the 
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