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FROM THE EDITOR

Disasters illustrate value
of science ‘stenography’

Quite a few years back now, a prominent
investigative reporter for a Midwestern
newspaper remarked at a journalism
conference that science journalists ought
to be categorized as “stenographers.”

He elaborated in an essay published
in Nieman Reports, contending that sci-
ence reporters simply regurgitate what
scientists tell them, hyping stories that nobody cares about
on meaningless things like black holes and “tectonic plates.”

At the time, that essay evoked for some reason a memory
about the great Danish physicist Niels Bohr, who after read-
ing scientific papers was known to sometimes say, “I don’t
mean to be critical, but how can anybody write such non-
sense?” Today, memory of that essay’s glib disrespect for
tectonic plates has been evoked by events in Japan.

Science journalism has its shortcomings. But writing
about research that seems of no practical importance (to the
uninformed) is of value not just for satisfying the curiosity
of people with working brains, but also for aiding everyone’s
ability to comprehend life’s events as they unfold. Under-
standing science is essential, for instance, to fathom the
multifaceted catastrophe playing out in Japan in the wake
of one of history’s most devastating earthquakes (see Page 5).

It started, of course, with the interaction of those tec-
tonic plates, segments of the Earth’s shell-like outer layer
of crust and upper mantle. These plates power earthquakes
and volcanoes, are responsible for building mountains, and
carry deep clues to the Earth’s history and inner workings
(see Page 12). Knowing something about tectonic plates is
prerequisite for having an intelligent grasp on the nature
of the planet. And they are certainly not meaningless to the
victims of their collision near Japan.

Japan’s disaster expands to encompass a broad range of
other examples of basic science’s societal importance. From
the hydrodynamics of tsunamis to the half-lives of radioactive
isotopes, science illuminates the issues that public officials
must face in coping with catastrophe, and aids the general
public’s efforts to interpret events as they are reported.

Consequently the task of telling people what’s going on
in science — the new things scientists are finding out about
diverse realms of research — is a worthy endeavor before,
during and after the events that propel basic findings into
practical prominence. It’s not stenography. It’s a service to
society. —Tom Siegfried, Editor in Chief

Society for Science & the Public is a 501(c)3 nonprofit corporation founded in 1921. The vision of Society for Science & the Public is to promote the understanding and appreciation

of science and the vital role it plays in human advancement: to inform, educate, inspire. Visit Society for Science & the Public at www.societyforscience.org. Republication of any portion of
Science News without written permission of the publisher is prohibited. For permission to photocopy articles, contact Copyright Clearance Center at 978-750-8400 (phone) or 978-750-4470
(fax). Advertising appearing in this publication does not constitute endorsement of its content by Science News or Society for Science & the Public.
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SCIENCE NOTEBOOK

Scientific Observations

“Itis in some way a core mission

of laboratories that they provide
mechanisms to help ideas mature and
eventually reach audiences outside
the lab. Recognizing the vulnerability
of unrealized ideas when separated
from the passion of their creators,
the most successful labs tend to
move creators, along with their ideas, to new creative environments. This is as
essential for the ideas as it is for those who come up with them. Creators are
less original when they develop their fledgling ideas before the same small,
predictably supportive groups of people. Guided in predictable ways, creators
will do predictable things.... If we are not all taking a big risk together, our
dependence on one another diminishes, we care less about what others do,

and we cease to care all that much about our collective creative existence.”
— HARVARD UNIVERSITY BIOMEDICAL ENGINEER AND WRITER DAVID EDWARDS, IN HIS 2010 BOOK THE LAB:
CREATIVITY AND CULTURE

Science Past | FROM THE ISSUE OF APRIL 8, 1961 Science Future
REMAKE VENUS ‘WEATHER’ — Man can land on the mys-
tery planet Venus after making its air suitable for humans.
This job could be done by dropping primitive plants into
the planet’s atmosphere, then waiting
W for results. The primitive algae would
remove the carbon dioxide believed to
poison the air on Venus for humans. The
result would be carbon and oxygen. Dr.
Carl Sagan of the University of California,
Berkeley, believes the best algae to drop on
Venus are the blue-green algae (primarily of the Nosto-
caceae family). He said many experiments on developing
algae in a simulated atmosphere like that on Venus should
be made ... [but] should only come after the existing con-
ditions on Venus have been thoroughly investigated.

April 16

The American Museum of
Natural History in New York City
opens an exhibit exploring the
world’s largest dinosaurs. Visit
www.amnh.org

April 22
Learn about the planet and its
ecology at events around the

country. Go to_www.earthday.org

April 28

Sample the science of chocolate
at an evening of entertainment
in Durham, N.C. See www.
ncmls.org/visit/events

How Bizarre

Water confined to nanometer-sized spaces becomes quantum water, a team of U.S. and Brit-
ish scientists report online January 27 at arXiv.org. The tight quarters make the protons

in the water’s hydrogen atoms act claustrophobic — quantum mechanically speaking, any-
way —and the protons become harder to pin down. Their behavior, distinct from that found
in bulk water, has been hinted at by other squished experiments (SN: 1/26,/08, p. 58) but

not recognized as a direct result of the confinement. Why the quantum behavior arises the
researchers don’t yet know, but they note that it’s also sensitive to how the bonds between
the water molecules are set up inside the two types of nanotubes that have been tested. The
unusual state also is present at both room and ultracold temperatures. Because water moves
in similarly small spaces in cells — and in ways that befuddle researchers — understanding
this new quantum state could help scientists study water’s behavior in living organisms.

SN Online
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Astronomers observe
two closely orbiting stars
merge. Read “Two stars
caught fusing into one.”

BODY & BRAIN

Scientists turn fretful
mice fearless by tweaking
abrain connection. See
“Anxiety switch makes
mice shy no more.”

Immune cell flotsam may
trigger lupus’s inflamma-
tion. Read “Digging into
the roots of lupus.”

MATTER & ENERGY
Physicists design lasers
that can pull as well as
push. See “Tractor beams
arrive two centuries early.”

Science Stats | urue

Nearly 20 percent of high
school students reported
current tobacco use in 2009,
according to the American
Heart Association. That’s down
from 36.4 percent in 1997.

SOURCE: AHA AND ASA 2010

ngh school
tobacco use
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L4 Differences in social structures, not necessarily cognitive
advances, allowed our species to cross the barrier to cumulative
cultural evolution. 77 —JoSEPH HENRICH, PAGE 13
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STORY ONE

Size of March 11
earthquake took
Japan by surprise

Geologists expecteda 7.5 in
devastated regjon, nota 9.0

By Devin Powell

apan has been expecting and pre-
paring for the “big one” for more
than 30 years. But the magnitude
9.0 temblor that struck March
11 — the world’s fourth biggest quake
since 1900 —wasn’t the catastrophe the
island nation had in mind. The quake’s
epicenter was about 129 kilometers east
of the city of Sendai, in a strip of ocean
crust previously thought unlikely to be
capable of unleashing such energy.

“This area has a long history of earth-
quakes, but [the Sendai quake] doesn’t
fit the pattern,” says Harold Tobin, a
marine geophysicist at the University
of Wisconsin-Madison. “The expec-
tation was high for a 7.5, but that’s a
hundred times smaller
thana9.0.”

Predicting where big
earthquakes will strike is
extraordinarily difficult,
and nowhere more so
than Japan. The north-
ern part of the island
nation sits at the inter-
section of four moving
pieces of the Earth’s
crust. Where one tec-
tonic plate slides beneath
another, forming a

A map of the northern
half of Japan’s main island
shows the highest shak-
ing intensity in orange.

The magnitude 9.0 earthquake off northeastern Japan on March 11 generated a

tsunami more than 7 meters high that reached the coast within 15 minutes.

subduction zone, sudden slippages
can unleash tremendous amounts
of energy.

The Sendai quake occurred at the
Japan Trench, the junction of the
westward-moving Pacific plate and the
plate beneath northern Japan. Histori-
cal records, one of seismologists’ best
tools for identifying areas at risk, suggest
that this segmented fault
produced several earth-
quakes bigger than 7.0 in
the 20th century — but
none bigger than 8.0.

That’s why the Japa-
nese government haslong
focused on the nation’s
southern coast, where
the northward-moving
Philippine plate has a
proven ability to spawn
big quakes. Quakes larger
than 8.0 tend to strike the

Tokai region in central Japan every 150
years or so, with the last big one in 1854.
In 1976 researcher Katsuhiko Ishibashi of
Kobe University warned that the Suruga
trough, a subduction zone just off the
coast of Tokai, was due for another big
one. Since then, the Japanese govern-
ment and research community have
braced for such an event — deploying GPS
systems to monitor the movements of
islands on the Philippine plate and even
generating computer simulations of how
crowds in train stations might react.
Current thinking about the mecha-
nisms governing megaquakes also favors
the Philippine plate as the site of great-
est risk. About 80 percent of all quakes
above magnitude 8.5 occur at the edges of
such geologically young tectonic plates.
Kilometer-thick sediment layers car-
ried by these plates are thought to grind
smooth patches that allow long stretches
of fault to rupture at once. The Pacific

WWW.SCIENCENEWS.org
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For today’s top stories, visit
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plate, some of the oldest ocean crust on
the planet, doesn’t fit this description.

But preliminary computer simula-
tions at Harvard that crunched early
datafrom the Sendai quake suggest thata
long stretch of the Japan Trench — about
480 kilometers —did rupture during the
event. Multiple segments that usually
behave independently broke over the
course of two to three minutes.

“It looks like three of the segments all
slipped together,” says Harvard seismolo-
gist Miaki Ishii. “There is some evidence
that a fourth may have been involved as
well.” She doesn’t know why these seg-
ments ruptured together, or why other
similar segments nearby didn’tjoin them.

What does seem clear is that the slip
happened in arelatively shallow region of
the subduction zone. According to initial
computer simulations by geophysicist
Chen Ji at the University of California,
Santa Barbara, the quake originated
eight to 20 kilometers below the ocean
floor. The shallower an earthquake, the
more easily it flexes the Earth’s crust,
raising a mountain of water that can turn
into a tsunami. The Sendai quake lifted
the seafloor several meters and gener-
ated a tsunami more than 7 meters high.

“We’re learning that we can’t discount
any of these big subduction zones,” says
Tobin. “They’re all capable of producing
large earthquakes.” The magnitude 9.1
earthquake that struck Sumatra in 2004
also broke the rules: It too happened on
the edge of an old piece of crust, hurlinga
tsunami across the Indian Ocean deadlier
than any other in recorded history.

In the United States, seismologists are
eyeing the Cascadia fault zone that flanks
Oregon and Washington, which last gave
way in 1700 to produce the largest known
earthquake in North American history.

“Perhaps the earthquake in Japan
shouldn’t have been as surprising as
it was,” says Stanford seismologist
Greg Beroza.

Beroza explains that deposits of
sand found kilometers from shore have
revealed a large tsunami that struck the

Natural catastrophe
begets nuclear crisis

Designed with earthquakes in mind, the
Fukushima Daiichi nuclear facility on
Japan’s east coast was built to withstand
the shaking it took on March 11.

But what came afterward—a tsunami
that obliterated whole swaths of coastal
infrastructure—apparently overwhelmed
the plant, leading to the worst nuclear
accident since the Chernobyl disaster in
April 1986.

Like most nuclear plants, five of the six
Fukushima Daiichi reactors used uranium
as their primary fuel. The plant’s other
reactor—Unit 3—used a mixture of ura-

—

A satellite view of the Fukushima Daiichi
plant taken March 14 shows smoke rising
after an explosion that may have damaged
one reactor’s containment vessel.

nium and plutonium. Pellets of enriched
fuel are encased inside long, narrow tubes
made of an alloy containing the metal zir-
conium. These tubes, known as fuel rods,
are spaced in an array with water flowing
between them. Several hundred of these
packages are put together to create the
core of a nuclear reactor.

The uranium-235 isotope, which con-
tains 92 protons and 143 neutrons, is
inherently unstable, tending to split, or
fission, into lighter elements. Such spon-
taneous fission releases stray neutrons;
when one of those neutrons hits a ura-
nium atom, it initiates another fission into
lighter elements, releasing more neutrons.
Those neutrons can then go on to hit other
uranium atoms, causing a chain reaction.
Fission generates heat, which causes
water to boil, making steam to drive tur-
bines that produce electricity.

A reactor core requires constantly flow-
ing water for cooling and to moderate the
flux of neutrons. The earthquake knocked
out power at the Daiichi facility, the tsu-
nami knocked out backup generators, and
the battery backups to the generators
could not keep the water moving. Excess
heat in several reactors caused steam to
build up, which plant operators vented into
the environment to relieve pressure. Hydro-

Sendai area during the Jogan earth-
quake of 869. Ever since this magnitude
8.0-plus quake, the Pacific plate has
been moving more than 8 centimeters
per year —a tectonic sprint — pushing
against neighboring plates to the west
and perhaps building a tremendous
amount of strain.

Seismologists hope that the detailed
Sendai earthquake data collected by
Japan’s advanced monitoring technol-
ogies — hundreds of sensors spaced an
average of 20 to 30 kilometers apart
across the Japanese islands — will lead
to abetter understanding of subduction
zone quakes. Researchers will also ana-
lyze the emerging pattern of aftershocks,

which include at least three bigger than
7.0 and dozens bigger than 6.0.

But being able to spot signs far in
advance of a big earthquake — cur-
rently far beyond the reach of modern
science —may require digging deeper.
Tobin and his Japanese colleagues have
for the first time embedded strain sen-
sors directly inside a subduction zone,
the Nankai trough located southwest of
Tokai. Large earthquakes have struck
this region every 100 to 120 years, from
686 to 1946. The researchers hope to
catch the next big one in the act and find
a warning sign that could provide more
than a minute’s notice that a monster
quake is on its way. B
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“We can’t discount any of these big subduction zones.” —HaroLD TOBIN

Electricity from the atom
Boiling-water reactors like the ones
at the Fukushima Daiichi plant use
heat from nuclear fission to make
steam, which powers a turbine to
generate electricity. The steam is
then condensed back into liquid
water for another trip through the
reactor. The design uses water both
as a coolant and to absorb neu-
trons, keeping the nuclear reaction

|

Reactor ——
vessel

[

under control.

Containment structure

| Condenser

Generator

Electricity

gen gas, formed in reactions of water with
the hot zirconium rods, also built up and
exploded at two of the reactor buildings,
releasing radioactive by-products of fission
like iodine-131 and cesium-137.

The reactors weren’t the only potential
source of radiation emitted by the crippled
plant. Spent fuel—depleted in uranium
but containing highly radioactive fission by-
products—is stored in pools of water in
the same buildings that house the Fuku-
shima Daiichi reactors. The flow of water
through those pools was vulnerable to the
same power-supply problems that plagued
the reactors, and the tanks began heating
up. In at least one case, the spent fuel
appears to have caught fire.

As plant workers and emergency
responders fought to bring the plant
under control, radiation spread. At first,

the Japanese government reassured
the public that no radiation had spread
beyond the plant itself, and cautioned
people living nearby to stay indoors. But
by the evening of March 12 the govern-
ment had evacuated a 12-mile radius
around the site, and within a week of the
earthquake monitoring had revealed con-
tamination of local food and water.

On March 18 the U.S. Environmental
Protection Agency and the Department
of Energy announced that a federal radia-
tion monitoring station in Sacramento,
Calif., had “detected minuscule quantities
of the radioactive isotope xenon-133,”
a substance that could have come only
from nuclear fission. It posed no health
threat; plant emissions reaching California
were so slight they caused no radiation
increase above natural background levels.

Though the accident’s full health
impact won’t be known for decades, the
plant workers and emergency responders
who struggled to bring the plant under
control are at greatest risk. Radiation
levels around Unit 3 reached 400 milli-
sieverts per hour on March 15. Health
effects depend on how long someone
is exposed to such levels, says Kelly
Classic, a medical health physicist at
the Mayo Clinic in Rochester, Minn. For
comparison, 400 millisieverts is about
the dose people would receive from 40
CT scans of the abdomen. Natural back-
ground rates of radiation average about
3 millisieverts per year. In the long term,
exposures above even 10 millisieverts
might somewhat elevate an individual’s
risk of developing cancer. — Janet Raloff
and Alexandra Witze

Back Story | scateor1to10

At magnitude 9.0, the March 11 earthquake in Japan was the
fourth largest since 1900. Though there is no theoretical limit
to an earthquake’s size, it is extremely unlikely that motion
along a known tectonic fault could produce an event of magni-
tude 10.0 or larger.

May 22,1960 December 26, 2004
Valdivia, Chile Sumatra, Indonesia
Magnitude 9.5 Magnitude 9.1
1,886 killed* 228,000 killed*

March 28, 1964

Prince William Sound, Alaska
Magnitude 9.2

128 killed*

March 11, 2011
Sendai, Japan
Magnitude 9.0

At least 9,000 killed*

gl 25
The magnitude 9.2 earthquake that hit Alaska on March 28,
1964 (March 27 local time) devastated downtown Anchorage.
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*Combines deaths due to earthquake and tsunami
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To learn more about the Intel Science Talent
Search, visit www.societyforscience.org/sts

Honors for young
star researchers

Intel Science Talent Search
recognizes 40 prizewinners

By Laura Sanders

WASHINGTON — The high-wattage glitz
and glamour at the 2011 Intel Science
Talent Search gala couldn’t outshine
America’s best young scientists, math-
ematicians and engineers. You could do
the math — perhaps with help from first-
prize winner Evan Michael O’Dorney,
17, of Danville, Calif. He garnered the
top award of $100,000 from the Intel
Foundation for his insights on how to
best estimate a number’s square root.
O’Dorney and the other winners of the
science competition were named March
15 at the National Building Museum.

Guided by his deep, lifelong fascina-
tion with patterns of numbers, O’Dorney
discovered an unexpectedly simple for-
mula that clears up a mysterious link
between two methods that approximate
square roots. His work was rated first
by Intel Science Talent Search judges,
who have spent an average of 30 years
as working scientists. His project beat
out 39 other finalists chosen from more
than 1,700 proposals. The competition
has been administered by Society for
Science & the Public, publisher of Science
News, since 1942,

Second place and $75,000 went to
Michelle Abi Hackman, 17, of Great Neck,
N.Y., for her project on what happens
when teenagers are separated from their
cell phones. Students without phones
weren’t more anxious, Hackman found in
her study of 150 high school students. But
phoneless teens did appear more bored.

Matthew Miller, 18, of Elon, N.C., won
third place and $50,000 for engineering
energy-boosting bumps on wind tur-
bine blades. Miller’s design, first tested
in a wind tunnel in his family’s garage,
changes the sound produced by the

Evan Michael O’'Dorney (right) won the top award in the 2011 Intel Science Talent
Search. Top spots also went to Michelle Abi Hackman (center) and Matthew Miller.

turbine to a more pleasant buzz without
increasing the noisiness of the blades.
“It is innovation and creativity that
powers society,” said Society for Sci-
ence & the Public president Elizabeth
Marincola. “Society for Science & the
Public and Intel could not be prouder of
our 40 Intel STS finalists of 2011.”
Fourth place and $40,000 went to
Madeleine Amanda Ball, 18, of Dallas,
Texas, for discovering that freshwater
crustaceans known as copepods can
harbor cholera-causing bacteria. Selena
Shi-Yao Li, 17, of Fair Oaks, Calif., won
fifth place and a $30,000 award for her
studies on anew way to treat liver cancer.
Sixth place and $25,000 went to Keenan
Monks, 17, of Hazleton, Pa., for research
on the mathematics of elliptical curves,
which has applications in cryptography.
Seventh place was awarded to Benjamin
Mathias Clark, 15, of Lancaster, Pa., for
his studies of binary star systems.
Eighth through 10th places, each of
which comeswith a $20,000 award, went
to Xiaoyu Cao, 17, of San Diego, Calif,,
for designing a better way to make bio-
sensors; Jenny Jiaqi Liu, 18, of Orange,
Conn., who found that people respond
better to robots that exhibit emotions;
and Scott Paul Boisvert, 17, of Chandler,
Ariz., for finding a link between water

contaminants and a dangerous fungus.

Therest of the finalists will each receive
$7,500. All the students spent the week
before the gala touring Washington, pre-
senting their research to the public and
their congressional representatives, and
meeting with President Obama.

“We celebrate you. You are our role
models,” Intel president and CEO Paul
Otellini told the honorees.

This year’s winners don’t excel just
at academics (five of the 40 finalists did
record perfect SAT scores). Over half of
the finalists are musicians, 17 are varsity
athletes and eight are writers or editors
for their school publications.

The finalists join a distinguished list of
STS alumni, including seven Nobel lau-
reates, four National Medal of Science
winners and 11 MacArthur Fellows.

Finalist Shubhro Saha, 17, of Avon,
Conn., was elected by his peers to
receive the Glenn T. Seaborg award,
named for the late Nobel Prize-
winning chemist and longtime Science
Talent Search judge. In an address, Saha
thanked all of the mentors, teachers and
parents who had believed in him and his
fellow finalists.

“We may be young scientists,” Saha
said, “but we were able to accomplish so
much because of this belief.” &)
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WHY THIS BIBLE IS UNIQUE ABOVE ALL OTHER BIBLES ...

he Holy Bible In Its
Original Order is an
extraordinary Bible—
unique in two ways. First,
it is the only complete
Bible ever published—
with both Old and New Testaments—that
accurately follows the original canonical
or manuscript order as recognized by
most scholars. In addition, once the original
order of the 49 biblical books has been
restored, the Seven Divisions of the Bible
are also re-established. The Old Testament
contains: 1) The Law, 2) The Prophets,
and 3) The Writings. The New Testament
contains: 4) The Gospels and Acts, 5) The
General Epistles, 6) The Epistles of Paul,
and 7) The Book of Revelation. With this
restoration to the first-century ‘manuscript’
order, a purposeful design, symmetry and
story flow order of the Bible become more
readily apparent.

It is a little known historical fact that the
original manuscript order of both the Old
and New Testament books was altered by
early church fathers. The Holy Bible In Its
Original Order includes commentaries that
trace precisely how the Bible erroneously
came to be in its present 66-book
format—revealing how and why its books
were mysteriously repositioned from their
original order by fourth-century “editors.”

Second, this version is a new
translation—an accurate version—that
reflects the true meaning of the original
Hebrew and Greek with fidelity and
accuracy, showing the unity of Scripture
between the Old and New Testaments.
Today, in the face of rampant religious
confusion, those who read and study the

The
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Gift!

English Bible deserve a quality translation that
can be trusted. Reviewer Dan Decker of Bible
Editions and Versions (January 2009) writes of
this new version of the Bible: “It is an excellent
translation for those desiring a literal one....
We heartily recommend this fine translation.”

King James I (1567 - 1625)

This new Original Order Version uses modern
English, but retains the original grace,
accuracy and grandeur of the King James
Version, and eliminates archaic terms from
the Middle Ages such as thee, thou, ghost, hath
and shalt.

Included are vital Commentaries providing
accurate accounts of the history, canonization
and preservation of the books of the Bible: Who
wrote them? When were they written? When

were they canonized and by whom? Other
Commentaries and Appendices answer critical
questions such as: When was Jesus born? How
did Jesus Christ fulfill the Law and the Prophets?
When was Jesus crucified? How long was He in
the tomb? When was He resurrected? What does
it mean to be born again? What are works of law?
What are the true teachings of the early apostolic
New Testament Church that Jesus founded? Also,
biblical and historical chronologies show an
accurate timeline from the creation of Adam and
Eve to the present. There are detailed footnotes
and marginal references explaining hard-to-
understand passages of Scripture.

With 1432 pages, The Holy Bible In Its
Original Order is only 1-3/8 inches thick—and
measures 8-1/4 by 10-1/2 inches. The genuine
handcrafted lambskin cover features gold
stamped lettering. The paper is high-quality
French Bible paper with gold gilded edges. The
pages are easy to turn and do not stick together.
The Bible also features wide margins for note-
taking, and a center column with selected
references, word definitions and alternate
renderings for various key words.

It comes in a highly durable presentation box,
beautifully adorned with original artwork.
Other Features: Triple bound for extra
long life (Smythe stitched, spine stitched
and glued)

* beautiful original artwork of the

Temple in Jesus’ time

* 14 commentary chapters

* 25 appendices

* six chronologies

* various maps

Includes over 280
pages of commentaries
and appendices!

International Society of Bible Collectors:
“EXCELLENT TRANSLATION!”

This new second edition of the Original Order Bible is now available in 3 styles:
* Special Limited Deluxe Lambskin Edition with Custom Presentation Box (pictured) $119.50
¢ Faux Black Calfskin Edition with Custom Presentation Box $99.50
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Proposed dino
species is titanic

Titanoceratops may be an
older relative of Triceratops

By Susan Milius

An oddball fossil skull in an Oklahoma
museum may represent the earliest
gianthorned dinosaur species yet found.

The 1.2-meter-long partial skull,
unearthed from 74-million-year-old
rock in northwestern New Mexico
70 years ago along with some other
bones, deserves to be recognized as
belonging to its own species, says Nick
Longrich of Yale University.

This beast probably weighed
6,550 kilograms, rivaling Triceratops and
modern-day elephants. Paleontologists,
including those who reconstructed the

fossil for the Sam Noble Oklahoma
Museum of Natural History in
Norman, have until now treated the
find as a weirdly huge specimen
of the Pentaceratops dinosaurs
known from the U.S. Southwest.
But in the June Cretaceous
Research, Longrich christens the
dino Titanoceratops ouranos. The
species would add another branch
of giants to the horned-dino fam-
ily tree and would mean that huge
size evolved in the lineage some
5million years earlier than thought.
The head, among the biggest

A museum display of an early horned dinosaur
is labeled Pentaceratops but may deserve to
be considered a new species, Titanoceratops.

of any known land animal, was
an estimated 2.6 meters long. Longrich
found that the skull’s outsized nostrils,
the position of its nose, some of the cavi-
ties inside it and other features resemble
not Pentaceratops but those of the Tricer-
atops and Torosaurus giants. It looks like
an early relative of those species, he says.

“It would suggest there are a lot of
undiscovered horned dinosaurs sitting
around out there,” says Andrew Farke of
the Raymond M. Alf Museum of Paleon-
tology in Claremont, Calif. “Right now,
I’'m skeptical but convincible on the
validity of Titanoceratops.” )

Don’t trust any elephant under 60

Older matriarchs are better judges of danger to their clans

By Susan Milius

In a test of a particular leadership skill
among elephants, age and experience
have trumped youth and beauty.
Elephant matriarchs 60 years of
age or older tended to
assess threats in a sim-
ulated crisis more accu-
rately than younger
matriarchs did, says
Karen McComb of the
University of Sussex in
Brighton, England.
When researchers
played recordings of

Elephant groups in Kenya wit
older matriarchs responded
more appropriately to lion
roars as potential threats.

Proceedings of the Royal Society B.

The older females have it right,
McComb says. Male lions rarely attack
an elephant, but when they do they can
be especially deadly: Even a single male
can bring down an elephant calf.

The new study sup-
portstheideathatolder
individuals show more
leadership in tasks
involving specialized
knowledge and extends
that notion to threats.

“There is an inter-
esting trade-off here,
which certainly

various lion roars, ele-
phant groups led by older matriarchs
grew especially defensive at the sound
of male cats. Younger matriarchs’
families underreacted, McComb and
her colleagues report in an upcoming

applies to humans and
maybe elephants as well,” says psychol-
ogist Mark van Vugt of VU University
Amsterdam, who studies the evolution
of leadership. “The group might want
a young, fit and aggressive leader to

defend the group...but at the same time
might want an older, more experienced
leader...to make an accurate assessment
of the dangers in the situation.”
McComb and her colleagues played
lion calls to 39 elephant families in
Kenya’s Amboseli National Park.
Researchers compared reactions to
roars from one lion versus three lions.
All the matriarchs correctly perceived
that three was more worrisome than one.
“Itwas quite arevelation,” says coauthor
Graeme Shannon, also of Sussex. Before
this test, evidence had been unclear
about how widespread numerical threat
assessment capabilities would be. But the
older matriarchs also managed an addi-
tional layer of awareness, judging male
lions as more threatening than females.
“Ifyouremove these older individuals,
you’re going to have amuch bigger impact
thanyourealize because they’re reposito-
ries of ecological knowledge and also of
social knowledge,” McComb says. Poach-
ers, targeting the big old elephants, pose a
particular menace to the species. &)
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“If you remove these older individuals, you're going to have a
much bigger impact than you realize.”—«karen mccoms

Apes show handedness

Contrary to earlier reports, apes show
humanlike hand preferences when
manipulating objects. Chimpanzees,
bonobos and gorillas favored the right
hand and orangutans the left hand,

a team led by psychologist William
Hopkins of Agnes Scott College in
Decatur, Ga., found in a study to
appear in the Journal of Human Evolu-
tion. Hopkins and colleagues observed
which hand 777 captive apes used to
reach peanut butter smeared inside a
long tube. Roughly twice as many ani-
mals in each ape category employed
their species’ dominant hand, whereas
about 90 percent of humans are right-
handed. Hopkins wants to explore rea-
sons for orangutans’ left-handedness.
—Bruce Bower

Mouse songs

Mice can sing (sort of), but a baby-
swapping lab experiment finds no
evidence that lab mice learn to sing
by listening to adults around them.
Male mouse pups reared by foster
parents of a different mouse strain
grew up sounding more like their
biological dads than like their foster
dads. In an ongoing debate, that
negative finding may dampen hopes
that the high-pitched, songlike mouse
vocalizations could join human speech
and the sounds of songbirds, certain
marine mammals and a few other
creatures as examples of vocal learn-
ing through imitation. Yet innate,
unlearned mouse song could have
value for genetic studies of behavior,
researchers in Japan suggest online
March 9 in PLoS ONE. —Susan Milius

Invader that can’t go home

Fish called red shiners don’t seem
able to recolonize certain waterways
where they once lived as natives,
even though the shiners readily
invade new territory. The fish had
disappeared from six Oklahoma tribu-
taries of Lake Texoma by 2006, but

a few showed up again after a flood.
Their return offered an unusual oppor-
tunity to study early stages of pos-
sible colonization. Yet observations
in the wild and studies in naturalistic
outdoor enclosures suggest that
even shiners arriving in relatively high
numbers weren’t able to recolonize.
Increasing habitat for predators may
be foiling the shiners’ return, Univer-
sity of Oklahoma researchers report
in an upcoming Biological Invasions.
—Susan Milius
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“We might be getting into an ozone hole situation.” — FraNCIS SCHMIDLIN

Coni

ent pres to d the splits

Thinning East Africa crust shows how land gives way to ocean

By Alexandra Witze

Breaking up is easy to do, if you're East
Africa. Researchers have discovered new
details of how the Earth’s continental
crust is tearing apart in Ethiopia, a split
thatwill one day give birth to anew ocean.

In the final throes of breakup, it turns
out, the crust thins dramatically, allow-
ing a flood of magma to rise from deep
in the Earth and erupt onto the surface,
the scientists report online March 13 in
Nature Geoscience.

“It shows that we’re starting to under-

stand some of the processes of how we
go from continental to oceanic crust,”
says James Hammond, a seismologist at
the University of Bristol in England
who was not involved in the research.

Earth’s surface is broken into more
than adozen large tectonic plates, which
drift around, collide and create geologi-
cal phenomena such as earthquakes
and volcanoes. The plates are driven by
magma that wells up from within the
planet, then cools and solidifies to form
fresh oceanic crust. Older, lighter crust
makes up the continents.

The 2010 Erta Ale eruption in Ethiopia
(shown) is the latest sign that a rift
there will one day form a new ocean.

In East Africa, continental crust is
tugged by tectonic forces from either
side and is destined to eventually rip
apart, creating a new ocean like the
neighboring Red Sea and Gulf of Aden.

“Ethiopia is an ideal natural labora-
tory because we can see all these things
happening,” says study coauthor Ian
Bastow of the University of Bristol.

Bastow and Derek Keir, a geologist
at the University of Southampton in
England, reanalyzed data collected by sci-
entists in the 1970s who set off explosive
charges and watched how the resulting
vibrations traveled through the ground.
The speed of those waves allows research-
ers to determine how thick the crust is.

In northernmost Ethiopia, the crust
is so thin that much of the ground has
dropped below sea level. Earthquakes
shake the ground constantly, and vol-
canoes pour out lava across the hot, flat
landscape. The new analysis shows that
this lava erupts because of the recent
stretching and thinning of the crust. )

Arctic ozone may

post record loss

Depletion could boost UV
exposure for midlatitudes

By Janet Raloff

The annual thinning of ozone over the
Arctic is shaping up to be especially
severe this spring, an international team
of scientists announced March 14. During
the six weeks preceding the announce-
ment, a large portion of the region’s
stratosphere had lost at least half of the
layer that normally filters out much of the
sun’s harmful ultraviolet rays.

The new data “are kind of a warning
that we might be getting into an ozone

hole situation,” says Francis Schmidlin of
NASA’s Wallops Flight Facility in Virginia,
who was not involved in the study.
Dataradioed back from sensors aboard
high-altitude weather balloons show that
the ozone-depleted region spans about 15
million square kilometers — an areaabout
22 times the size of Texas. The region is

Polar stratospheric clouds that formed
this winter over the Arctic could signal
growing losses of protective ozone.

centered roughly over the North Pole but
at times can wander as far south as Italy.

People throughout Europe, Canada and
much of the northern United States could
briefly face higher than normal exposures
to UV radiation this spring. Ground-level
UV would still be lower than in the trop-
ics but high enough to cause a sunburn
within 20 minutes in some areas, says
team member Markus Rex of the Alfred
Wegener Institute for Polar and Marine
Research in Potsdam, Germany.

Ozone destruction occurs in low-
pressure rings of winds, known as polar
vortices, that form over the poles each
winter. Ozone loss in the Arctic vortex
could worsen through mid-April, Rex says.

Though stratospheric ozone thins
annually in the Arctic, Rex says, this
year’sloss appears headed for arecord. )
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In-laws vital to early human society NN

Relations by marriage sparked cultural exchange, study says

By Bruce Bower

Give it up for in-laws. Those much-
maligned meddlers helped spur an
ancient social revolution that propelled
human groups from savannas to cities, a
new study suggests.

That conclusion stems from an analy-
sis of genealogical and
marital data showing
that, among modern
hunter-gatherers,
monogamous sexual
unions between men
and women from
neighboring groups
create networks of
in-laws that spawn
widespread coop-
eration and cultural

The Agta in the

social networks like those that
may have ignited cultural learning
among ancient human ancestors.

necessarily cognitive advances, allowed
our species to cross the barrier to cumu-
lative cultural evolution,” says Joseph
Henrich, an anthropologist at the Uni-
versity of British Columbia in Vancouver.
Based on limited observations,
researchers have thought that modern
foraging communities, and by inference
prehistoric groups,
consist of many male
relatives with women
migrating into groups
as marriage partners.
Hill’s analysis of a
range of hunter-gath-
erer populations shat-
ters that assumption,
in Henrich’s view.
Hill and colleagues
analyzed previously

Philippines have

learning, says a team
led by anthropologist Kim Hill of Arizona
State University in Tempe. Social groups
organized in this way distinguish humans
from other primates, Hill and his col-
leagues propose in the March 11 Science.

“Alliances between foraging groups
are facilitated because unrelated males
all associate with the same female, who
may be their daughter, sister, wife,
mother or daughter-in-law,” Hill says.
“By friendly association with her, males
begin to associate with each other.”

A social system of this type, which
encourages collaboration among genet-
ically unrelated individuals, originated
about 2 million years ago as human
ancestors began to hunt and gather
foods that youngsters could not obtain
for themselves, Hill hypothesizes. In this
situation, females would have had an
incentive to seek mates willing to stick
around and provide food for offspring.

Monogamy began even earlier, some
scientists suspect, perhaps more than
3 million years ago (SN: 6/11/05, p. 379).

“Differences in social structures, not

collected data on
more than 5,000 individuals from 32
modern hunter-gatherer societies world-
wide. Each society consists of two or
more bands of people that live together
while moving about the landscape. Bands
range in size from five to 64 individuals.

Three social features characterize
hunter-gatherersocieties and are unique
to humans, the researchers conclude.
First, both men and women are as likely
to stay in the bands they were born into
as tomove to new bands to find marriage
partners. Second, adult brothers and
sisters frequently reside together, along
with lots of in-laws. Third, a majority of
band members are genetically unrelated.

In a comment published in the same
issue of Science, anthropologist Bernard
Chapais of the University of Montreal
argues that this monogamy-based social
structure encourages males to circulate
freely among bands in which they have
kin and in-laws. Cultural innovations and
traditions thus spread rapidly and unite
bands into larger tribal units, Chapais
proposes. @)

Time twists morality

Moral judgments may be time sen-
sitive. In experiments conducted
by psychologists Renata Suter and
Ralph Hertwig, both of the Univer-
sity of Basel in Switzerland, volun-
teers less frequently said that they
would kill one person in order to
save the lives of many others if the
decision had to be made quickly,
as opposed to after deliberation.
Time affected moral judgments

in this way when hypothetical
scenarios involved harming some-
one as a means to an end, Suter
and Hertwig report in an upcom-
ing Cognition. Emotional impulses
against killing others can be over-
ridden if a person is given time to
ponder the merits of sacrificing
one to save many, the researchers
suggest. — Bruce Bower

Miscarriages of mood linger
for years after lost pregnancy
Women who have lost pregnan-
cies to miscarriage and stillbirth
experience unusually high levels of
depression and anxiety during new
pregnancies and for nearly three
years after they deliver healthy
infants, finds a study published
online March 7 in the British Jour-
nal of Psychiatry. Many women
become depressed and anxious
after losing a baby during preg-
nancy, and these reactions often
persist even after carrying another
child to term, propose psychiatrist
Emma Robertson Blackmore of the
University of Rochester Medical
Center in New York and her col-
leagues. The researchers inter-
viewed 13,133 women twice during
pregnancy and up to 33 months
after those women delivered
healthy babies. — Bruce Bower
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Antibiotics may
weaken flu fight

Drugs hit beneficial bacteria
that boost immune system

By Tina Hesman Saey

Taking unnecessary antibiotics could
make the flu or other viral infections
worse, a new study suggests.

Mice on antibiotics can’t fight the fluas
well as mice that haven’t taken the drugs,
ateam from Yale says. Antibiotics quash
the immune system’s infection-fighting
power by killing friendly bacteria living
in the intestines, the researchers report
online March 14 in the Proceedings of
the National Academy of Sciences. These
friendly, or “commensal,” bacteria help
defend against viruses by keeping the
immune system on alert for viral invad-
ers, the team discovered.

“There’s a lot of beneficial effects of
having commensal bacteria,” says Akiko
Iwasaki, a Yale University immunolo-
gist who led the study. “This is one that

was unexpected, but makes sense.”

Scientists knew that friendly bacteria
in the intestines could help stop disease-
causing bacteria from setting up shop
in the gut. And previous experiments
hinted that gut microbes could influence
how well the immune system works,
but researchers thought the effect was
mainly confined to the digestive system
and wouldn’t show up in far-away tissues
such as the lungs. “What’s fascinating
about [the new study] is that there’s
a distant regulation of resistance
to viruses by gut microbiota,” says
Alexander Chervonsky, an immunologist
at the University of Chicago.

Lungs are normally sterile, so it was a
bit of asurprise thatkilling bacteriain the
colon would have an effect on how well
the respiratory system could fight viruses.

Iwasaki and her colleagues treated
mice for a month with four antibiotics
commonly given to people with bacte-
rial infections, then infected the rodents
with the flu. Antibiotic treatment
impaired the mice’s ability to make an
important flu-fighting molecule called
interleukin-1 beta or IL-1 beta, the

researchers found. IL-1betais necessary
to combat influenza and other viruses.

Treating mice with antibiotics didn’t
appear to generally weaken their
immune systems, though. Antibiotic-
treated mice were still able to fight off
herpes, because the immune system
fights that and some other viruses using
adifferent molecular weapon.

The researchers aren’t sure yet which
bacteriain the gut are responsible for the
virus-defense mechanism. “We know for
sure that there are certain bacteria that
can’t do it,” Iwasaki says. Sphingomonas
bacteria, for instance, don’t stimulate
the virus-fighting response.

Some Lactobacillus bacteria, on the
other hand, are known as “friendly” gut
bacteria and may play a role in virus
defense. Mice treated with the antibiotic
neomycin, which wipes out most types
of Lactobacillus bacteria while leaving
Sphingomonas bacteria alone, have a
hard time fighting the flu. If research-
ers can figure out which bacteria are
responsible, it may be possible to make
probiotic compounds that boost virus-
fighting capabilities. B

‘Diabetes Belt’ cinches the South

Highest rates in areas with greatest obesity and stroke risk

By Nathan Seppa

Two swaths spanning the Deep South
and Appalachia have emerged as the
U.S. Diabetes Belt.

County-by-county mapping shows
that the belt also touches parts of North
Carolina, Virginia, Florida, Texas, Arkan-

sas, Ohio and Pennsylvania, researchers
at the Centers for Disease Control and
Prevention report in the April American
Journal of Preventive Medicine. High-
diabetes pockets also crop up in Okla-
homa, Michigan, Arizona, the Dakotasand
elsewhere. The data do not distinguish
between types of diabetes, but nationally

Diabetes Belt

Dark red portions of this
county-by-county map show
that high rates of diabetes
are common in the South
and in Appalachia. Research- .
ers hope that a defined L=
diabetes belt will help public
health officials target areas
for intervention.

Percentage of adults diagnosed with diabetes, 2007
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more than 90 percent of diabetes cases
are type 2, or adult-onset diabetes.

The new map overlaps considerably
with the “stroke belt”; the conditions have
similar risk factors. Obesity, a sedentary
lifestyle and the proportion of the popu-
lation that is African-American are all
higher than average in the Diabetes Belt,
says study coauthor Lawrence Barker of
the CDC. The area also has below-average
education levels.

“It’s really important from a pub-
lic health perspective for counties and
regions to recognize the health problems
for which they are at particular risk,”
says endocrinologist Judith Fradkin
of the National Institute of Diabetes
and Digestive and Kidney Diseases in
Bethesda, Md. Mapping the belt will help
public health officials target communi-
ties for programs to curb the disease. @)
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510

segments

DNA in macaques,
mice and chimps but
missing in humans

Duplicated DNA in
humans compared
with other primates

210

segments

Computer chips wired with wetware

Experiments could lead to ways of melding mind and machine

By Rachel Ehrenberg

Nerve cell tendrils readily thread their
way through tiny semiconductor tubes,
forming a crisscrossed network like vines
twining toward the sun, scientists have
found. Understanding how offshoots
from nascent mouse nerve cells explore
the specially designed tubes could lead
to tricks for studying nervous system
diseases or testing the effects of poten-
tial drugs. Such a system may even bring
researchers closer to brain-computer
interfaces that seamlessly integrate arti-
ficial limbs or other prosthetic devices.
“This is quite innovative and interest-
ing,” says nanomaterials expert Nicholas
Kotov of the University of Michigan in
Ann Arbor. “There is a great need for

interfaces between electronic and neu-
ronal tissues.”

To lay the groundwork for a nerve-
electronic hybrid, graduate student
Minrui Yu of the University of Wisconsin-
Madison and his colleagues created tubes
of layered silicon and germanium, materi-
als that can insulate a nerve cell’s electric
signals. The tubes were various sizes and
shapes and were big enough for a nerve
cell’s extensions to crawl through, but too
small for the cell’s main body to get inside.

When the team seeded areas outside
the tubes with mouse nerve cells, the
cells sent threadlike projections into the
tubes, even curving along the inner edge
of the tunnel entrance, the researchers
report in an upcoming ACS Nano.

At this stage, the team has established

Mouse nerve cells (purple) extend
projections through specially designed
semiconductor tubes in this illustration.

that nerve cells are game for exploring
the tiny tubes, which seem to be biologi-
cally friendly, and that the cell extensions
will follow the network to link up physi-
cally. But it isn’t clear if the nerves are
talking to each other, sending signals the
way they do in the body. Future work
aims to get voltage sensors and other
devices into the tubes so researchers can
eavesdrop on the cells. &)

Defining humans
by what’s lacking

DNA lost to evolution created
some traits in the naked ape

By Tina Hesman Saey

In evolution as on reality TV, sometimes
the biggest loser is a winner.

Losing chunks of DNA may have
enabled humans to develop bigger brains
and other distinctive traits, Stanford
researchers David Kingsley, Gill Bejerano
and their colleagues report in the March
10 Nature. The study is the latest attempt
to find genetic factors that make humans
human. Previous work focused on search-
ing for genes unique to humans, but the
new study turns thatapproach onitshead
by looking for pages redacted from the
human genetic instruction book.

Humans lack at least 510 chunks
of DNA that chimps, macaques and
mice all seem to share. Most are also

missing from Neandertals, suggest-
ing that the pieces were lost sometime
between 500,000 and 6 million years ago.

Only one of the missing bits contained
an actual gene. The rest of the absent
genetic instructions may be important
switches for turning on genes. Such
switches, known as enhancers, can be
located far from a gene but still govern
when and where the gene is flipped on
during development.

Humans and chimps have roughly the
same set of genes, yet have clear physical
and behavioral differences. Some scien-
tists have reasoned that changing the way
genes are used — by turning a gene on or
offin a particular tissue or during a phase
of development — may be a way to evolve
new characteristics, such as the bigger
brains possessed by people.

Because most of the missing chunks of
DNA don’t contain genes, it is difficult to
say exactly what the pieces are supposed
to do. The Stanford team used “a very
clever computational analysis” to tease
out a couple of pieces of DNA that might

have clear-cut functions, says David
Haussler, a Howard Hughes Medical
Institute investigator at the University
of California, Santa Cruz.

One piece enhances the activity of a
gene that controls production of facial
sensory whiskers and small spines on the
penises of both chimps and mice. Since
humans don’t have the enhancer, the
gene is not turned on, and sensory whis-
kers and penile spines fail to develop.

In some mammals, penile spines
are prominent and may help males
achieve ejaculation quickly. “The key
to reproductive success is impregna-
tion, and the faster you can achieve
that, the better,” says Owen Lovejoy, a
biological anthropologist at Kent State
University in Ohio. But even though the
loss of the spines makes copulation last
longer, it hasn’t hurt the reproductive
success of humans, he says. Longer cop-
ulation times may help cement bonds
between mating partners —a possible
key to humans’ evolutionary success,
Lovejoy says. (@)
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“The Hubble constant is the first and most important
number in cosmology.” —MICHAEL TURNER

Further evidence
for dark energy

More precise measurements
rule out alternative proposal

By Ron Cowen

New evidence bolsters the case for a
bizarre form of energy that is uniformly
accelerating the expansion of the uni-
verse. The new study, which measures
the present-day expansion of the universe
to unprecedented accuracy, refutes one
alternative to the idea of dark energy. The
work also suggests that the cosmos maybe
slightly older than previously calculated.

Ateam of astronomers used the Hubble
Space Telescope’s new infrared camera to
refine the Hubble constant —a number
that indicates the current rate at which
galaxies are receding from one another
due to cosmic expansion. By precisely
measuring the distance to various celes-
tial objects and then gauging the speed at
which they are receding from each other,
the team derived a Hubble constant of
73.8 kilometers per second per megapar-

Precisely measuring the distance to the
galaxy NGC 5584 helped astronomers
refine the universe’s expansion rate.

sec. That means that for every million
parsecs (3.26 million light-years) separat-
ing two distant galaxies, they move apart
73.8 kilometers per second faster.

The value has an uncertainty of only
3.3 percent, Adam Riess of Johns Hop-
kins University and the Space Telescope
Science Institute in Baltimore and his
colleagues report in the April 1 Astro-
physical Journal — about 30 percent
better than the team’s previous estimate
(SN Online: 5/5/08).

“The Hubble constant is the first and
most important number in cosmology,”
says Michael Turner of the University of

Chicago. “It is hard to measure accu-
rately. Any improvement — and this is
a real improvement — has broad
implications.”

Although the Hubble constant mea-
sures only the current rate of cosmic
expansion, given certain assumptions
the new value implies that the universe
is about 75 million years older than the
previous estimate of 13.75 billion years.

Obtaining a precise value of the Hubble
constant also places new restrictions on
one alternative to “dark energy” as the
driving force behind accelerated cosmic
expansion, Riess says. In the alternative
scenario, Earth and its environs would sit
at the center of a vast void a few billion
light-years across (SN: 6/7/08, p. 12). That
configuration would produce an optical
illusion making it appear as if the uni-
verse’s expansion is accelerating.

But such a setup would require a sig-
nificantly lower Hubble constant than
the one Riess and his colleagues have
now measured to high precision. Previ-
ous measurements of the constant were
already at odds with the void model, but
the added precision refutes the model
conclusively, Riess says. )

NASA's planetary science to-do list

Panel identifies Mars life probe as top mission for funding

By Ron Cowen

The search for life in the solar system
tops the wish list of a panel of space scien-
tists convened by the National Research
Council. Mindful of shrinking budgets,
the panel has issued hard-nosed recom-
mendations that identify which plan-
etary science missions NASA should fly
in the decade that begins in 2013. Even
some top-rated missions should be either
deferred or canceled outright if their esti-
mated costs can’t be significantly cut, the
panel says in a report released March 7.
Among big missions, the panel says,
NASA should give highest priority to

the Mars Astrobiology Explorer-Cacher.
The project would be the first of three
missions designed to collect and return
martian samples for analysis of any evi-
dence of life. But the
panel recommends that
the mission go forward
only if NASA’s cost can
be limited to $2.5 bil-
lion — $1 billion less than
the project’s estimated
price tag in fiscal year
2015 dollars (adjusted for
inflation). The European
Space Agency and NASA,
which would jointly run

The Jupiter Europa Orbiter,
illustrated here, should be
funded only if costs can be
cut, a panel recommends.

the mission, should work together to
reduce the high cost, the report suggests.

NASA’s Jupiter Europa Orbiter also
received a nod from the panel, which
ranked the mission as the second-high-
est priority among large projects. The
craft would carry a suite of instruments
to determine if Jupiter’s moon Europa
has an ocean —a possible
haven for life — buried
beneath its icy surface,
as many scientists sus-
pect. But the panel says
the mission should fly
only if the project’s cur-
rent estimated cost of
$4.7 billion is reduced
and if NASA increases
its planetary science
budget. ®
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Pioneering audiologist invents
“reading glasses” for your ears.

Neutronic Ear is the easy, virtually invisible and affordable

way to turn up the sound on the world around you.
You don't have to pay through the nose to get
Personal Sound Amplification Technology.

It’s amazing how technology has changed
the way we live. Since the end of the
Second World War, more products have
been invented than in all of recorded
history. After WWII came the invention
of the microwave oven, the pocket
calculator, and the first wearable
hearing aid. While the first two have
gotten smaller and more affordable,
hearing aids haven’t changed much. Now
there’s an alternative... Neutronic Ear.

First of all, Neutronic Ear is not a
hearing aid; it is a PSAP, or Personal
Sound Amplification Product. Until
PSAPs, everyone
was required to
see the doctor,

Neutronic Ear has been designed with
the finest micro-digital electronic
components available to offer superb
performance and years of use. Many
years of engineering and development
have created a product that’s ready to
use right out of the box. The patented
case design and unique clear tube make it
practical and easy to use. The entire
unit weighs only 1/10th of an ounce,
and it hides comfortably behind either
ear. The tube is designed to deliver
clear crisp sound while leaving the ear
canal open. The electronic components
are safe from moisture and wax buildup,

The Evolution of Hearing Products

have hearing tests, Invention Date |Easy to Use?|Invisible? | Affordable?
have fitting
appointments The Ear 17th No Hardly Maybe
Horn Century
(numerous
visits) and then |Wearable Weighed
pay for the |HearingAid| 1935 [2.5pounds| No No
instruments
without any in- |Digital Not for
; : 1984 No N
surance coverage. Hearing Aid ° most people
These devices can | Neutronic
cost up to $5000 |[gar 2010 Yes Yes Yes

each! The high

cost and inconvenience drove an innovative
scientist to develop the Neutronic Ear PSAP.

Just think of the places
you'll enjoy Neutronic Ear
e Parties
¢ Restaurants
® Church e Lectures
* Book Groups ® Movies
* Bird-watching and
almost any daily activity

and you won't feel like you have a circus
peanut jammed in your ear. Thanks to a
state-of-the-art manufacturing process
and superior design, we can make
Neutronic Ear affordable and pass the
savings on to you.

It works... but don’t take our word
for it. Why pay thousands to make
everything sound louder when what
you really need is a Personal Sound
Amplification Product? Were so sure
youll be absolutely thrilled with the
quality and effectiveness of this product
that we are offering it to the public at a
low introductory price with our exclusive

ADVERTISEMENT

Hard to see ® Simple to use
Easy to afford

trial offer. If, for any reason, you are
not completely amazed by how this
product improves your life, simply
return it for a refund of the product
purchase price within 30 days. Call now.

Visit us on the web at
www.neutronicear.com

NeutronicEar”

The Sound Decision™

Call now for
the lowest price ever.
Please mention promotional code
41994.

1-866-278-8588

Neutronic Ear is not a hearing aid. If you believe you need
a hearing aid, please consult a physician.

80144
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FEATURE | BACKUP BEES

Luring and taming
wild pollinators for
help on the farm

By Susan Milius

arms of the future could offer

some strange sights, and Cali-

fornia isn’t a bad place to go

searching for them. On the edge
of a yet-to-be-planted field northwest
of Bakersfield, for example, stands what
looks like a white clothes closet that has
run away from home.

It’s a bee lock. Instead of keeping air
from escaping, the way an air lock on a
submarine or space station does, this
box will prevent bees from zipping out
of a five-acre mesh tent, explained pol-
lination biologist Gordon Wardell of
Paramount Farming during a tour last
winter.

At the time of the tour, the tent was
under construction, with rows of sturdy
poles marching away from the bee lock
under swoops of fine gray mesh. But by
springtime, mesh will enclose the entire
field. Red, yellow and blue nesting boxes
will dangle from the poles in an experi-
ment in raising bees that may one day
pollinate some of Paramount’s thou-
sands of acres of almond trees.

Wardell will not be rearing honeybees,
the mainstay of farmers for centuries.
Instead, he hopes to create a workforce
oftens of thousands of blue orchard bees,
species Osmia lignaria. These small,
dark, mild-mannered creatures with
a vest of white fuzz have no interest in
making honey or joining in colonies the
way honeybees do. But blue orchard bees
do visit almond trees, and as a female
collects pollen for her eggs, she inadver-
tently transfers some of it from flower to
flower. Wardell hopes the blue orchard
bees will serve as a backup, or maybe a

An experiment in California aims to see
if blue orchard bees can become com-
mercial almond pollinators. The bees,
which don’t form hives like honeybees,
may live in nesting boxes (one shown).
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partner, to the increasingly expensive
and beleaguered honeybee pollinator.
The blue orchard bees, he says, could be
the farm’s “insurance.”

In days when honeybees face increas-
ing threats from diseases and pesticide-
intensive farming, interest is growing in
such “insurance” pollinators. The blue
orchard bees are just one example of an
alternative to honeybee pollination on
the buzzing edge of research.

Biologists are finding that free-rang-
ing wild pollinators dropping by certain
farms for lunch can deliver enough pollen
to render honeybees there unnecessary.
Other pollination researchers, includ-
ing Wardell, are bee-deep in devising
new ways to domesticate wild insects for
managed pollination on farms. Rearing a
new kind of six-legged worker requires
pioneering on all levels, from basic physi-
ology to nest decoration.

But Wardell and other hard-core
optimists are getting to work. Standing
in his partly unpacked lab across from
the future tent, he points to a white-
board with a list of problems he needs
to solve before blue orchard bees can
become regular farming participants.
“There’s no doubt in my mind it can be
done,” he says.

Bees in one basket

California’s almonds have good-news,
bad-news pollination. The remarkable
honeybee is able to sustain a vast indus-
try, but that means a vast industry has
come to rest on a single insect.

While some of the world’s most impor-
tant food plants —such as corn —can
fertilize themselves, most almond
flowers can’t. And while corn also gets

delivery help from wind, the pollen of
the almond flower isn’t wind-friendly.

So the United States’ whole $2-billion-
plus-a-year almond-growing enterprise
dependsonanimal couriers. And almonds
are not alone. Crops that account for
35 percent of food production worldwide,
including apples, cherries, coffee, man-
goes, tomatoes, on down to zucchini, rely
to various degrees on animals. Not only
do such plants need insects, but they are
needed in mind-boggling numbers.

Wardell started his winter tour of
the almond world by driving away from
Bakersfield through blue-gray fog. Trees
lined the highway in eerie, repetitive
ranks. Each row flicked by the truck
window with the same spacing and same
height. After miles, a sibling domain of
trees planted at a different time and thus
of a different height abruptly took over.
The new trees repeated and repeated.

In spring, the almond trees among
these orchard regiments will fluff into
clouds of blossoms with just a few weeks
to attractinsect go-betweens. As the pol-
lination czar for Paramount Farming,
Wardell contracts with commercial bee-
keepers to rent 90,000 honeybee hives,
which are deployed one or two per acre.

About 1.5 million bee colonies, mostly
from out of state, will converge on
California’s almond fields. And after the
almond petals fall, beekeepers will send
their colonies on to the next assignment,
as another crop’s season begins.

But honeybees are beset by an
increasing number of menaces. Varroa
destructor mites and Nosema ceranae gut
parasites can weaken and kill colonies.
Since 2006 the still-unexplained colony
collapse disorder has been striking other-

wise healthy hives and causing most of
the workers to vanish over the course of
afew weeks (SN: 6/19/10, p. 15). And like
other migrant farmworkers, honeybees
face risks from exposure to pesticides as
well as from the stress of a nomadic life.
With all these troubles, anew generation
oflarge-scale beekeepers hasn’t replaced
all theretirees in this increasingly uncer-
tain industry.

Today’s nationwide supply of mov-
able honeybee hives, at 2 million hives or
somewhat more, is only half what it was
in the mid-1940s, says Eric Mader of the
Xerces Society, an insect-focused wild-
life conservation group in Portland, Ore.
Yet the U.S. acreage needing pollination
roughly doubled during the same time.

“The honeybee is not about to go
extinct,” Mader says, “but we are well
positioned to see rising food prices.”

Relying on just one species for the
majority of crop pollination is risky,
warns Rachael Winfree of Rutgers Uni-
versity in New Brunswick, N.J. Though
worldwide production of pollinated
crops hasn’t yet declined, some emerg-
ing pest or disease that slams honeybees
could put a lot of beloved foods at risk.
“We’re putting all our eggs in one
basket,” she says.

Wild side

Thankfully, honeybees are hardly the
only pollinators on the planet. Many of
the world’s 18,000 or so types of non-
honeybee bees visit crops. And crea-
tures other than bees stop by farm fields
too, including little flying midges that
pollinate the species of Theobroma that
provides the world with chocolate. So as
concern over honeybees grows, so does

A recent worldwide analysis of crops showed that the absence of animal
pollinators —mostly bees, but also birds and flies—could greatly reduce the production of a
number of valuable foods. SOURCE: A.-M. KLEIN ETAL/PROC. OF THE ROYAL SOCIETY B 2007

Decreases in production for certain crops in the absence of animal pollinators
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As the honeybee faces increasing
threats, researchers are looking
for other insects that may share
some of the pollination burden.
The species below are some of
the potential pollinators.

Alfalfa leaf-
cutting bee
Introduced
from Europe
and the Middle
East, this bee
(Megachile
rotundata) has been managed longest
in the United States after the honey-
bee. Beyond alfalfa, farmers use it to
pollinate blueberries, cranberries and
some veggies.

Blue orchard
bee

Native to North
America, this
solitary bee
(Osmia lignaria)
has a similar
life cycle and nesting style to the
alfalfa leafcutting bee. Blue orchard
bees have been used commercially in
the United States since the 1990s for
cherries, almonds and other crops.

Hornfaced bee
| A relative

of the blue
orchard bee,
the hornfaced

' bee (Osmia
cornifrons) was
imported from Japan in the 1970s.
Though used mostly for fruiting trees,
it has shown promise as a blueberry
pollinator.

Syrphid flies
Often mistaken
for bees, flies
in this group
\ visit wild flow-
' ers to get
.-l nectar. Though
not commercialized, syrphid flies may
contribute to crop pollination during
their typical wild wanderings.

Bluebottle fly

liphora vomito-
ria) resemble
the housefly
and are sold
commercially
for pollination of crops including car-

rots, broccoli, lettuce and canola. Blue-

bottle flies adapt well to caged life.

These flies (Cal-

interest in what wildlings are dropping
in, with no rental charges.

“Most growers don’t know whether
they need honeybees or not,” Winfree
says. A pitiful crop could result not just
from a lack of honeybees, but from mis-
timed pesticide or fertilizer application
or amyriad other mishaps of agriculture.

While checking the need for honey-
bees in watermelon fields in New
Jersey and Pennsylvania, Winfree and
her colleagues found 46 native bee spe-
cies visiting the fruit’s flowers. Using a
computer simulation to analyze bee visi-
tors and the pollen grains they delivered,
Winfree found that wild bees could have
fully pollinated the crop by themselves
in 21 out of 23 farms.

Her study doesn’t mean that honey-
bees aren’t necessary, she says. “They’re
very necessary. They’re just not neces-
sary for all types of farm systems.” These
watermelon farms were small compared
with California agriculture, and they may
have gotten aboost from shrubby refuges
where wild species abound.

In the search for wild pollinators,
pumpkin and squash growers have
the advantage of their own private bee
species. Females of Peponapis and
Xenoglossa species, nicknamed squash
bees, collect pollen as baby food only
from squashes and their closest rela-
tives, explains pollination biologist T ai
Roulston of the University of Virginia’s
Blandy Experimental Farm in Boyce.

Out of 20 farms growing pumpkins
in Virginia and Maryland, at least 13
received full-service wild pollination,
Roulston and a colleague reported in
2009. And in an ongoing study in Penn-
sylvania, nine out of 11 farms had enough
hardworking squash bees in 2010 to
make renting honeybees unnecessary,
says horticulturist Alex Surcica of the
Penn State Cooperative Extension in
Franklin County.

To help farmers determine if they
have enough squash bees, Surcicawants
to develop a census technique that takes
advantage of a squash bee’s nighttime
habits. Before squash or pumpkin flow-
ers close up around midday, bees settle
into a floral sleeping bag for the night.

Surcicd thinks farmers could estimate
the bee population at the beginning of
the season by collecting spent blooms at
night and seeing how many of the bees
emerge in the morning. Too few, and it’s
time to scramble for honeybee rentals.

A taming task

Growers who really do need an alterna-
tive honeybee — a pollinator species they
can summon in vast numbers or deploy
in a predictable way — are tackling the
domestication of wild insects.

Steve Hanlin and Sharon McClurg
have no choice but to rely on domesti-
cated pollinators. As entomologists at the
U.S. Department of Agriculture’s North
Central Regional Plant Introduction Sta-
tion in Ames, Iowa, the researchers have
learned some practical lessons about
honeybee alternatives.

The station maintains breeding lines
ofimportant plants from corn to medici-
nal Echinacea. And when scientists need
fresh seed from a particular line, Hanlin
and McClurg step in to provide pollina-
tors. Mingling pollen across breeding
lines would defeat the purpose of preser-
vation, so the ruleis pollinationin a cage;
nowild wanderers here. The researchers
work not just with honeybees but also
with five other pollinators, and are look-
ing for more. Bonus points go to insects
that don’t sting the people who have to
work caged too.

Flies don’t sting, but their place in
the farming world is one with an aster-
isk. Hanlin and McClurg have found that
houseflies and bluebottle flies do quite
well on broad, simple flower heads, such
as carrot flowers, but not as well with
complex blooms.

Also there’s the rearing. Bluebottle
larvae normally feast on rotting meat,
and even a special meatless diet made
the building stink. “Like a bad diaper
pail,” McClurg says.

‘When Hanlin had to collect the young
flies from their broth, he wore a face
mask and chewed peppermint gum
for olfactory distraction. He has con-
cluded that raising the flies in-house is
not financially worthwhile, at least not
at a small scale. His most important
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discovery: a company in Idaho that
raises bluebottle flies to sell.

Raising bees isn’t so hard on the nose
but has its tough moments too. The
alfalfa leafcutting bee, one of the most
intensively managed among alterna-
tive pollinators, for example, refuses to
stick out its tongue when its antennae
are tickled with sweets. And that quirk
may force a change in the way research-
ers study how farmers could make
nesting sites more alluring.

Unlike honeybees, many alternative
pollinators don’t nest in colonies, so
farmers can’t haul an existing hive into
a field and be done with nest location.
Each solitary bee arrives in a field nest-
less and chooses ahome, possibly where
the farmer wants the bee but quite pos-
sibly not. To keep alfalfa leafcutting
bees and other helpers near a crop, a
farmer needs to lure them to a prefab
home, so the farmer has to know what
the bees like.

A standard test for honeybee pref-
erences relies on the bees’ reflexive
response when abit of sucrose is touched
to their antennae. But when Cory
Stanley of Utah State University in Logan
and Theresa Pitts-Singer of the Depart-
ment of Agriculture’s bee lab in Logan
tried to design a similar test for alfalfa
bees, the insects’ tongues wouldn’t budge.

A previously unrecognized feature
of at least some solitary bees is this
difference in the proboscis reflex, the
researchers reported last year in the
Journal of the Kansas Entomological
Society. Now researchers are developing
other tests that might reveal the types of
odors that could attract bees to a farm-
er’s housing offerings.

Another challenge of domesticating
pollinators also comes from their non-
honeybee biology. Individual honey-
bees may not live long as adults, but
new workers grow into tasks as older
bees falter. With the right conditions,
the pollination fleet can keep flying
most of the year. For alfalfa leafcutting
bees, blue orchard bees and other non-
colony-dwelling species, however, six
weeks or so of flight-worthy adult life
means just six weeks or so of pollination,

A blue orchard bee typically pollinates for only about six weeks, after devel-
oping and hunkering down in its nest. Each honeybee doesn’t have a long pollination period either,
but bees in a colony reach adulthood at different times, meaning new pollinators replace old ones
and pollination can continue throughout the year. Farmers who hope to rely on blue orchard bees
need to stir the bees from dormancy just as the crop is blooming—or miss a crucial window.

Life cycles of blue orchard bee (top) and honeybee (bottom)

Pollinating
Dormant adult bee

Egg hatches, larva grows into pupa

Dormant adult

Egg,
larva, Pollinating
pupa bee

| Cycle continues
throughout year

SOURCE: R.R. JAMES AND T.L. PITTS-SINGER, ED./BEE POLLINATION IN AGRICULTURAL ECOSYSTEMS 2008

for the whole year. The farmer needs
to get bees in the air when a crop is in
bloom. The rest of the year, bees hunker
in their nests.

During their short flying period,
female blue orchard bees need to mate
with males and then lay a series of eggs,
packing enough pollen into a nest to sus-
tain the youngsters until the next year.
Eggs hatch, larvae grow into adults, and
adults lower their metabolism for along
winter’s wait. Yet despite that slowdown,
blue orchard beeslose substantial weight,
Jordi Bosch of the Autonomous Uni-
versity of Barcelona and his colleagues
reported in December in the Journal of
Insect Physiology. Farmers have to make
sure the time-pressured females can get
enough pollen to adequately provision
their nests. Too few flowers for the num-
ber of bees loose on the farm may leave
youngsters underfed.

Back at Paramount, Wardell already
knows his blue orchard bees like a pur-
ple wildflower called Phacelia, and he’ll
provide a waving field of it in his rearing
tent, and a twin rearing tent nearby. For
nests, the red, yellow and blue boxes will
hold bundles of strawlike tubes, open
end out, as well as blocks with rows of
bee-diameter tunnels. Wardell is even
experimenting with marks on the faces
of the nesting boxes to see if bees find
their nests faster with a landmark.

To test whether raising blue orchard
bees would even be worthwhile for Para-
mount, though, Wardell is going to test
the bees outside the tents, in the actual
almond groves. He’ll set the insects out
to see whether pollination improves and
how they get along with honeybees dur-
ing the frenzy of pollen collecting in an
ocean of almond flowers.

Afterenvisioning afield abuzz, it’s time
for an almond tourist to meet the blue
orchard bees. Wardell leads the way into
aroomy warehouse, where in the far cor-
ner stands what looks like a big, silvery
food cooler behind the scenes in some
restaurant. It isabig food cooler, he says.

Asthe heavy door eases open, Wardell
points out a container of what from a
distance look like miniature misshapen
peanuts. Actually they’re blue orchard
bees still robed in their protective win-
ter covering, a netting as delicate as a silk
stocking. Wardell peels the covering off
one little bee, who stirs groggily in pro-
test. “A male,” Wardell says. “Look at the
mustache.”

As well as the fuzzy vest, the little fel-
low has a tiny wisp of white fuzz on his
face. If his is the face of tomorrow, then
the future of pollination is pretty cute. B

Explore more
B For a guide to managing alternative
pollinators, visit http://bit.ly/hdT3vn
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How the cost of NASA’s next big space
telescope skyrocketed

By Ron Cowen $



OPPOSITE PAGE: NASA; THIS PAGE: JANEL KILEY; STAR BACKGROUND: TIMOPH/ISTOCKPHOTO

t will be the largest telescope ever

launched into space, with a mirror

that has about six times the light

collecting area of Hubble’s. When
the James Webb Space Telescope flies
later this decade, its unparalleled infra-
red vision will record the flickers of the
first stars and galaxies to light up the
universe, in a mission that promises to
rewrite astronomy textbooks. But for
now, the 6.5-ton observatory hasbecome
a financial albatross for NASA.

An independent investigative panel
reported in November that the telescope,
known by the acronym JWST, is running
aminimum of $1.4 billion over budget (SN
Online: 11/11/10). That overrun, which
would bring the total cost of building
the telescope to at least $6.5 billion, may
lead to the cancellation of another highly
touted NASA mission to probe the nature
of dark energy and extrasolar planets.

Convened at the request of U.S. Sena-
tor Barbara Mikulski, the panel found
that managers for the James Webb
project, based at NASA’s Goddard Space
Flight Center in Greenbelt, Md., consis-
tently underestimated the cost of the
telescope. Lack of money in one year
forced scheduled work to be deferred to
the next, a practice that kept contractors
on the payroll longer and ended up dou-
bling or tripling the cost of their labor.
Poor cost management and reporting
practices went unchallenged by NASA
staff in Washington, D.C., reflecting

Up a‘nd up When the James Webb Space Telescope was just an idea, the cost estimate was set

“the lack of an effective cost and
programmatic analysis capability at
headquarters,” the panel concluded.
But the problem appears to go beyond
mismanagement. Interviews with
current and recently retired NASA offi-
cials, astronomers and the Government
Accountability Office reveal a culture
of deception when it comes to estimat-
ing the cost of large NASA missions.
Given the limited supply of money for
new projects, those with proposals are
encouraged to underestimate the true
price tag, and those who question the
estimates are ignored or reprimanded.
“It’s a game of you lie and I'll swear to
it,” says Michael Griffin, NASA’s adminis-
trator from April 2005 to January 20009.
“The whole community talks itself into
unrealistic cost estimates.... Everyone
knows it’s wrong. Every engineer knows
it’s utterly without foundation, but
engineers aren’t making the decisions.”
Big agencies such as NASA, says Griffin,
need to find a way to carry out major new
endeavors without disrupting the whole
system: “How can an executive branch of
a democratic government do a bold new
thinglike JWST when the competition for
the dollar is so intense that people with
otherwise good will and good character
will basically lie to get what they want?”
Jon Morse, director of NASA’s astro-
physics division, based in Washington,
D.C., which until recently oversaw the
telescope, says that the problems are

at $500 million. By the time the project is complete, it could cost $6.5 billion.

‘NASA administrator Dan ‘Goldin
challenges astronomers to build

a successor to the Hubble Space -
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The scope enters the preliminary
design and technology-completion
phase; construction costs are set

at $2.2 billion.

. .A National Research Council”
report’includes a $1 billion
‘estimate for the James Webb
Space Telescope..

not about any one person or individual.
“This was an agency failure in cost per-
formance and government and contrac-
tor coordination,” he says. “NASA is
disappointed to have not maintained the
level of cost control the agency has been
striving to achieve on all of its projects.”

Genesis of a problem

Some of the lowballing on JWST costs
goes back more than a decade, when the
project was still just an idea.

In the mid-1990s, Alan Dressler of the
Carnegie Observatories in Pasadena,
Calif., chaired a committee charged with
recommending a successor to the Hubble
Space Telescope. He and his colleagues
settled on a4-meterinfrared space obser-
vatory that could look further back in
time and space than Hubble’s 2.4-meter
mirror, perhaps to find the most distant
galaxies in the universe and trace their
origins. Dressler’s panel believed that a
4-meter telescope was the biggest that
could be constructed on abudget limited
to about $500 million.

In the fall of 1995, Dressler briefed
NASA’s administrator at the time, Dan
Goldin, about the report. In January
1996, Goldin gave a speech in San
Antonio at a meeting of the American
Astronomical Society, exhorting astron-
omers to dream bigger. He mentioned
Dressler by name, who was in the front
row of the audience, and challenged
him to make Hubble’s successor twice

An independent panel esti-
mates the final cost-of the
telescope at $6.5 billion.

NASA officially commits to com-
pleting the project for $5 billion.

NASA staff inform administrator

. Michael Griffin that the scope
will cost $3.8 billion.
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as big — an 8-meter mirror instead of a
4-meter one. At that time, the project
was still in its infancy, so no hard-and-
fast cost estimate was set. But Goldin
claimed that the cost could still be capped
at about $500 million. For comparison,
Hubble cost about $3 billion in 1996
dollars to build, says Craig Tupper,
director of NASA’s resources manage-
ment division, which formulates the
space agency’s science budget.

To many experienced telescope build-
ers Goldin’s suggested price tag seemed a
fantasy. “No sophisticated person would
walk away believing that estimate,” says
Jerry Nelson of the University of Califor-
nia, Santa Cruz, who designed the twin
10-meter Keck telescopes atop Hawaii’s
Mauna Kea.

But the remarks delivered by Goldin,
who declined to comment for this story,
received a standing ovation.

“That was a pretty strong vote of con-
fidence that the astronomy community
really wanted us to do that project,”
says Nobel laureate and JWST project

scientist John Mather of Goddard. NASA
started allocating study funds through
Goddard, which became the designated
center for overseeing design and con-
struction of the telescope and testing its
components.

Goldin’s challenge to build a bigger
telescope on the cheap, combined with
the astronomy community’s eager accep-
tance, led to the current funding dilemma,
says astronomer Charles Beichman of the
California Institute of Technology and
NASA’s Jet Propulsion Laboratory in
Pasadena. “Our eyes and stomachs were
so big and our wallets were so small that
we now have the biggest subprime mort-
gage loan crisis, the biggest stomachache
that the community can have.”

Rising costs

In 2001, a price of $1 billion was quoted
in a National Research Council report.
Though it’s not clear where the value
came from, many within the astronomy
community came to think of it as an offi-
cial cost estimate.

“NASA gave us a cost for it that no one
in the community believed,” says cos-
mologist Michael Turner of the Univer-
sity of Chicago, who served on the panel
that prepared the council’s report. No
other budget estimate existed, he says.

Around that time several astronomers
told NASA officials that the project’s cost
may have been seriously underestimated.
“I gotwhacked on the head,” for question-
ing the cost of JWST a decade ago, recalls
one astronomer, who asked to remain
anonymous. “They do punish you for
questioning this sort of thing.”

Mather acknowledges that “a lot of
people from outside the project looked
at us and said that this can’t possibly be
right.” But the team at Goddard had a
strategy for keeping the price down, he
says. The team had been working well
in advance on the novel technologies
needed for the telescope, including a
22-meter-long sun shield, a segmented
gold-coated beryllium mirror that would
unfurl in space and a cryogenic system.

The hope was that those early

FROM LEFT: MIRROR: DAVID HIGGINBOTHAM, EMMETT GIVEN, MSFC/NASA; NIRCAM: LOCKHEED MARTIN;
CRYOCOOLER: NORTHROP GRUMMAN; SUN SHIELD: NORTHROP GRUMMAN; ISIM: CHRIS GUNN, GSFC/NASA

Long before the proposed James Webb Space Telescope got the go-ahead,
researchers began developing new technology needed to carry out the mission.

Mirror, mirror The James
Webb Space Telescope’s
primary mirror, totaling

6.5 meters across, will have
about six times the col-
lecting area of the Hubble
Space Telescope’s mirror,
allowing for improved sen-
sitivity. Because it is so
large, the mirror had to be
designed as 18 segments
(six shown above). This
design allows the mirror to
fold, so it can be carried

to space in a rocket about

5 meters wide. Made of
beryllium, a strong yet light-
weight element, the mirror's
segments are coated in a
thin gold film to maximize
reflectivity. The mirror will
unfurl once in space and
actuators will adjust the
segments to achieve the
ideal focus for recording
distant galaxies at infrared
wavelengths.

Webb spies The tele-
scope’s Near-Infrared

Camera (second from left)
will use arrays made of
mercury-cadmium-telluride
to detect light in the 0.6- to
5-micrometer wavelength
range, which includes yel-
low light, red light and a
range beyond what the
human eye can see. These
wavelengths should reveal
early star and galaxy for-
mation, star populations

in nearby galaxies and,
astronomers hope, signs
of dark matter. The camera

also helps sense when

the primary mirror needs
adjustment to correct for
aberrations in the optical
system. The Mid-Infrared
Instrument will detect wave-
lengths of light from 5 to
more than 28 micrometers.

So cool Anything hot—
including a telescope
itself—can give off infrared
light, so scientists need to
keep the telescope and its
scientific instruments cool.
The mirrors will be kept at
an average of —228° Cel-
sius. A special cryocooler
(middle), which achieves

cooling by circulating cer-
tain gases, was designed
by Northrop Grumman spe-
cifically for the telescope’s
Mid-Infrared Instrument,
which will operate close to
—266° Celsius, 7 degrees
above absolute zero.

Blocking the sun In
order to block any heat
coming from the sun, a
tennis-court-sized parasol
will unfurl to shade the
telescope once it gets to
space. This “sun shield”
(second from right) is made
of five layers, each less
than a millimeter thick, of
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expenditures would reduce the overall
cost of building the telescope, because
the cost of labor and materials increases
over time. Butin the end, the early invest-
mentin new technology didn’t overcome
the size and complexity of the project,
Mather says. Costs kept rising — even
though NASA decided toreduce the mir-
ror diameter from 8 meters to 6.5 meters.

“The project went through a billion
dollars at the speed of sound,” Turner
says.

By the end of 2001, Goldin had
departed as administrator, and in the
following years, the Space Shuttle
Columbia disaster turned the agency’s
attention away from missions like JWST,
Turner notes. In 2003, the project had
entered what the agency calls “Phase
B” —the preliminary design and technol-
ogy-completion phase. NASA’s estimate
for construction was set at $2.2 billion.

Griffin says that the week he became
administrator, in April 2005, NASA staff
informed him that the $2.2 billion esti-
mate had been lowballed and that the

a heat-resistant mate-
rial called Kapton. The
layers are designed and
connected so that a
small hole in one layer
shouldn’t affect the
other layers. As the tele-
scope orbits about

1.5 million kilometers
from Earth, the sun,
Earth and moon will
remain on one side,
blocked by the shield.

Blinded by science
Beyond the Near-
Infrared Camera and
the Mid-Infrared Instru-
ment, two other science

instruments will operate
throughout the life of
the telescope, which,
unlike Hubble, will be
too far away to be ser-
viced. The Near-Infrared
Spectroscope, which
disperses light into

its component colors,
will allow scientists to
simultaneously observe
100 objects. The Tun-
able Filter Imager can
select very specific
wavelengths to focus
on. All four instruments
are housed in the Inte-
grated Science Instru-
ment Module (right).

scope was going to cost an additional
$1.6 billion. The extra money was sup-
posed to take the telescope through
launch, set for 2011, and the first six
months of operation. The additional
dollars would come from shifting money
internally, among projects in the agen-
cy’s astrophysics division.

“I’ll tell you straight out, I knew that
wasn’t enough,” he says. “We all knew it
wasn’t enough.”

After an investigation of rising costs,
the Government Accountability Office
issued areportin July 2006 warning that
the project did not have sufficient funds
for dealing with the inevitable problems
that crop up as technologies are devel-
oped. The underfunding, the report said,
could put the telescope “at risk of further
cost growth and schedule slippage.”

In an attempt to prevent future fund-
ing crises, Griffin announced in March
2006 that major projects like JWST
would have additional contingency
money added to their budgets to cush-
ion unexpected expenses.

But Griffin says that his associate
administrator for science at the time,
Alan Stern, did not put that extra money
in JWST’s proposed budget for fiscal year
20009, the first time the funds could have
been added. Griffin adds that he did not
become aware that the money wasn’t
requested until after Stern departed in
March 2008. Scott Pace, who was then
NASA’s associate administrator for pro-
gram analysis and evaluation, confirms
that the money was not put in the
proposed budget.

Stern says he gave the Goddard team
all the money it asked for and strongly
denies holding any money back from
the JWST project.

Uncovering a gap

In July 2008, NASA formally confirmed
the James Webb Space Telescope as a
project mature enough to have a firm
budget for completing construction.
Whatever underestimates happened
before that time can be wiped clean from
the slate, says John Casani of NASA’s
JPL, who led the investigative panel
commissioned by Senator Mikulski. But

at confirmation, he notes, the telescope’s
budget is no longer an estimate but a
detailed blueprint —and a clear com-
mitment from NASA — for completing
the device at a designated cost.

The Goddard team “went into confir-
mation with a badly flawed budget; the
reserves were inadequate,” Casani says.
“The first mistake was the wrong bud-
get; the second mistake was that nobody
caughtit.”

At the confirmation in 2008, the team
estimated that the project, through its
first five years of operation, would cost
a total of $4.96 billion. (A further revi-
sion between fiscal years 2010 and 2011
added $100 million more to the proj-
ect, bringing the total cost to just about
$5.1 billion.)

The team also said it would spend
$450 million on the telescope in 2008,
Tupper says. And the money needed in
future years, closer to the launch date,
was supposed to decline, contrary to
the trend for other large space missions.
But when the books closed on 2008, the
actual expenditures were about $63 mil-
lion more, Tupper says. By the end of
September 2011, the current fiscal year,
NASA will have spent about $3.5 billion
in total on the telescope, he says.

Casani’s panel found that the project
had tried to stay within budget by consis-
tently deferring work that was supposed
to be done in one fiscal year to the next.
People had to be kept on payroll, and
inflation made postponed work more
costly. The deferred work ended up cost-
ing millions more than had it been done
on time, the Casani panel concluded.

In 2008, NASA management thought
that there was a 70 percent probabil-
ity that the telescope would launch in
June 2014 for a total cost of around
$5 billion, Casani and colleagues noted.
“In fact, the project had no chance of
meeting either the schedule or the budget
profile,” they wrote in the report.

Panel member Garth Illingworth of
the University of California, Santa Cruz
says that two committee findings were
particularly unsettling. First, although
JWST managers at Goddard did a full
accounting of potential risks in 2008,
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they failed to ask for funds to deal with
those potential problems in the budget
presented at confirmation.

“The other thing that really aston-
ished us was the lack of insight from
headquarters about the project and what
it was doing,” Illingworth says. No one
was monitoring what was being done
or asking why project deadlines hadn’t
been met and how this might drive up
the overall cost, he says.

The Casani panel estimated that the
telescope would cost, at minimum, an
additional $1.4 billion over NASA’s official
$5.1 billion estimate —and that assumes
launch by 2015 and that it gets $500
million more than currently budgeted
between now and the end of next year.

The $1.4 billion overrun “is really the
criminal part,” Dressler says. He thinks
it’s reasonable to expect that build-
ing JWST would end up costing about
$5 billion. But the extra $1.4 billion has
accrued because people on the project
weren’t acknowledging that the work
deferred each year was going to add sig-
nificant costs, Dressler notes.

Lessons for the future

Following the findings and recommen-
dations from the Casani report, NASA
has taken the project out of the astro-
physics division and appointed Rick
Howard as the new senior manager for
the telescope. Howard reports directly
to the NASA administrator.

During a February 14 press briefing
about the president’s proposed budget
for fiscal year 2012, Howard said it seems
unlikely that the telescope will launch
before 2016. (And it is unclear where the
extra $1.4 billion will come from.)

As of March 16, nine of the 18 mir-
ror segments had been polished, coated
and readied for flight, and the other nine
will be ready by the end of the year, says
Mark Clampin of Goddard. Three of four
science instruments will also be ready,
butengineers have not yet begun assem-
bling JWST’s pieces.

To figure out for itself exactly how
much money is required, NASA is con-
ducting a bottom-up review, separate
from the Casani panel’s estimate.

Regardless of the exact dollar value,
astronomers are worried that future
astrophysics projects, both on the
ground and in space, won’t get their
start for years because the James Webb
telescope has devoured some 40 per-
cent of the astrophysics division’s 2010
and 2011 money. The most vulnerable
mission appears to be the space-based
Wide-Field Infrared Survey Telescope,
WFIRST, which would seek the origins
of dark energy, the mysterious stuff
that is accelerating the expansion of
the universe, and hunt for exoplanets. A
recent National Research Council report
(SN: 9/11/10, p. 10) recommended that
WFIRST be given highest priority for
this decade. Though costs were initially

An independent panel commissioned by U.S. Senator Barbara Mikulski found in
2010 that the James Webb Space Telescope can't launch before 2015 and will need $1.4 billion
more in funding. Work deferred from year to year has driven up the cost, the panel reported.
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estimated at about $1.6 billion, scien-
tists are trying to modify plans to make
WFIRST a $1 billion mission.

“WFIRST is the question mark,” says
Alan Boss of the Carnegie Institution
for Science in Washington, D.C. During a
meeting at NASA headquarters in Febru-
ary, he and the rest of the NASA advisory
committee on astronomy projects were
told that only funding for WFIRST was
uncertain. All other projects requested
in the council’s recent report could be
accommodated.

Saul Perlmutter of the University of
California, Berkeley, a member of the
WFIRST planning team, says no one at
NASA has given him guidance on how
much he needs to cut the mission’s cost,
and he is worried that it might not fly.

The same problems encountered with
JWST are bound to come up again, says
Griffin, unless NASA holds individuals
accountable. “Aslong as nothing bad hap-
pens to the people who misrepresent the
data, then it’s not going to change.”

Cristina Chaplain, director of acqui-
sition and sourcing management at the
Government Accountability Office in
Washington, D.C., agrees, but says people
alsoneed to feel free to speak up, without
being punished, when there’s a problem.

Then again, amnesia about overruns
often prevails after a successful launch.

“If you get away with it, everyone
praises you as a genius,” says Beichman
of Caltech. “You won’t be remembered
as the person who had all the overruns;
you’ll be remembered as the person
who created the successor to Hubble
that went on to be the greatest scientific
machine of the coming decade.”

Hubble had a history of overruns too,
but the telescope’s astounding images
and discoveries are its legacy, not the
dollars spent nor its flawed mirror.

“It’s like childbirth,” Beichman says.
“So long as your children turn out well,
you're happy as a clam. The pregnancy
and the birthing process are simply for-
gotten.” m

Explore more
B To read the full Casani report:
http://1.usa.gov/cMhz]J8
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FEATURE | BIG FISHING YIELDS SMALL FISH

Researchers map
predator loss and
predict unstable
oceans By Janet Raloff

harks, billfish, cod, tuna and

other fish-eating fish — the

sea’s equivalents to lions on

the Serengeti —dominated the
marine world as recently as four decades
ago. They culled sick, lame and old ani-
mals and kept populations of marine
herbivores in check, preventing marine
analogs of antelopes from overgrazing
their environment.

But the reign of large predators now
appears over — probably forever.

Two new studies, presented in Febru-
ary in Washington, D.C,, at the annual
meeting of the American Association
for the Advancement of Science, suggest
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that the ecologically valuable marine
lions are rapidly disappearing. Another
pair of related analyses point to physi-
cal and chemical changes, driven by
Earth’s warming climate, that threaten
to diminish the maximum size that any
species — predator or prey — can attain.

For decades, fisheries biologists have
been chronicling the overfishing of large
predatory fish by species or region (SN:
6/4/05, p. 360). Villy Christensen of
the University of British Columbia in
Vancouver and his colleagues have now
offered the first worldwide analysis
of predator loss.

The team identified more than 200
separate snapshots of the marine food
web taken from 1880 to 2007, studies
that describe and quantify all the con-
stituents of a local or regional marine
ecosystem. Together, the research
points to a steady, slow loss of roughly
10 percent of the top predator fish in the
world’s oceans between 1910 and 1970,

Christensen reported at the meeting. At
that point, fishing fleets began adopting
more efficient gear and the loss of preda-
tors skyrocketed, he said.

Today, predatory fish exist at one-
third of their 1910 abundance. “We see
no indication that things are improv-
ing,” Christensen said. “It’s a pretty bleak
situation.” By midcentury, he predicts,
predators will be rare.

But the ocean won’t be empty. The
loss of big fish has been largely offset, at
least in biomass, by an explosion in the
abundance of small, prey fish, including
everything from anchovies to blennies.

The trend is disturbing, Christensen
said, because the species that are disap-
pearing are the ones that people most
prefer to eat and the ones that can pre-

A net of herring are pulled from Sitka
Sound in Alaska. Researchers report
that global fishing efforts have become
more intense but yield has stagnated.

yields smallfish
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vent smaller fish from overrunning and
potentially destroying their ecosystems.

Such changes, Christensen said,
could have been predicted based on
what’s known about how ecosystems
respond to the culling of predators. But
until now “we just haven’t had the num-
bers to show that — certainly not at the
global level.”

Upping the effort

Fisheries biologist Reg Watson, also of
the University of British Columbia, has
been acquiring numbers of a different
but complementary type. His team has
quantified how aggressively fishing has
increased since the 1950s.

A steep escalation in the effort that
fleets employ, he reported at the AAAS
meeting, has allowed them to continue
supplying consumers’ large and grow-
ing demand for predator species against
abackdrop of declining stocks.

During the mid-20th century, global
harvests totaled about 16 million
metric tons per year and came from
fishing almost exclusively along coasts.
Maps Watson showed at the meeting
illustrated that by the 1980s, intensive
fishing had exploded into most of the
open oceans. Reliance on more efficient
gear such as trawlers or helicopter-
guided purse seines, which can mine
the water of almost all fish within their
reach, has boosted the intensity of the
effort. By the 1990s, the total global har-
vest had climbed to roughly 80 million
tons peryear. Despite steadily increasing
effort, Watson says, the catch stagnated
in the 1990s — and has yet to improve.

Watson cited 2006 figures indicating
that the commercial industry hauled
in 76 million tons of seafood, about
7 trillion individuals. This leveling off
alongside rising efforts is further evi-
dence that predatory fish are becoming
scarcer, he concluded.

Feeling the heat

The real wild card in predicting the

future of fisheries is climate change.
Predatory fish eat smaller ones, which

in turn feed on tinier ones. Further down

this food web are fish that feed on plank-

Many species that face
threats from overfishing are types that people
like to eat. As predators disappear, smaller
prey species are becoming more common.
SOURCE: V. CHRISTENSEN

Predator species Prey species
decreasing increasing
Cod Bearded gobies
Grouper Jellyfish
Swordfish Sand lances
Atlantic and Anchovies
other halibut Menhaden
Bluefin and Blennies
other tuna

ton — tiny floating animals and plantlike
organisms. These plankton, the base of
the living marine world, derive much of
their nutrition from organic matter that
wells up from the ocean’s cold depths.

In a warmer world, water will become
less dense. Heavier rains, projected in
and near the tropics, could lead to a
freshening of the upper seas. Together,
such changes should foster a stratifica-
tion of ocean layers, with aless salty layer
stably topping a saltier one, geochemist
Jorge Sarmiento of Princeton University
noted at the AAAS meeting. This stratifi-
cation would make it harder for nutrients
to reach the surface, he said.

He compared various projections by
five computer programs that attempt
to predict ocean features in a changing
climate, including a new program under
development by his team. When ocean
surface temperatures 2 degrees Celsius
warmer than today’s were fed into the
programs, every simulation showed a
fall in the production of large plankton,
the size that fish eat. Globally, the drop
will average 1 or 2 percent, Sarmiento
said, although regionally it could hit
16 percent. Fewer large plankton will
mean less food for fish, thus limiting
their size.

William Cheung of the University of
East Angliain Norwich, England, has fed
certain chemical and other features pro-
jected by Sarmiento’s team into another
computer program. It probes global
warming’s potential impact on more
than 5,000 commercial fish stocks, cov-
ering 1,060 species.

Cheung’s model projects that the ulti-
mate size of most fish might fall by about

10 percent, he reported at the meeting.

Until, that is, he factored in ocean
acidification.

Ocean surface waters are already
experiencing some acidification,
because of increased air concentrations
of carbon dioxide (SN: 3/15/08, p. 170), a
prevalent greenhouse gas. At least some
sensitive fish will have to expend sub-
stantial energy clearing acid from their
bodies, Cheung said, meaning that
energy can no longer be devoted to
growth. When his analyses accounted
for this, predicted drops in fish growth in
many regions reached 30 or 40 percent.

“In our model, more than 75 percent
of commercial stocks would experience
some reduction in body size,” Cheung
said. And the effects could be wide-
spread, he reported, hitting fish in what
are currently some of the ocean’s most
productive areas.

Warming could stress fish even if lev-
els of chemicals in surface water don’t
change. In warmer waters, fish move
more and breathe faster, which increases
their oxygen demand. But owing to the
gills’ fixed surface area, Sarmiento said,
thereis alimit to how much extra oxygen
the swimmers can take in. He predicts,
for this reason and others, that warm-
ing will propel some fish to find cooler
neighborhoods.

Cheung reported that if waters warm
anaverageof2degrees Celsius,morethan
50 percent of stocks could be expected
to move —by up to 40 kilometers
per decade. Some fish may become
more costly for fishers to get, while
others may shift from one country’s ter-
ritory to another.

Clearly, Christensen said, climate
change is going to radically alter the
oceans. They’llbecome less stable chem-
ically even as overfishing is making them
less stable ecologically.

Watson agreed. When it comes to
fisheries health, “many alarm bells are
ringing.” W

Explore more
B For arecent report on the state of the

world’s fisheries, go to www.fao.org/
fishery/sofia/en
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The Natural Navigator:

A Watchful Explorer’s Guide to

a Nearly Forgotten Skill

Tristan Gooley

Before navigation was a science, it was
an art —a craft that relied on observing
nature’s subtle clues and then deduc-
ing one’s location or the best route to
reach a destination. Besides obvious
directional clues such as the rising sun
or Polaris, the North Star, there are
innumerable more subtle signposts. In
the Northern Hemisphere, for example,
branches of many types of trees, seek-
ing to maximize their exposure to light,
grow more horizontally on the sunny
southern side than on the shade-soaked
northern side.

Gooley, alongtime adventurer who
teaches what he calls “natural navi-
gation,” has compiled an intriguing
trove of tips and tricks from cultures
such as the Inuit and Aborigines. As
he explains each technique, Gooley
reveals the scientific rationale for why
it works. For instance, the complex
interactions between sun and shade,
surface texture, slope, prevailing

winds and moisture mean that moss
often —but not always — grows on the
north side of a tree.

A natural navigator can use all the
senses. A whiff of salt breeze can guide
alandlubber to the sea as surely as an
earthy smell can lead a transoceanic
yachtsman to the nearest landmass. And
the techniques can be more accurate
than modern instru-
ments. While some-
one using Polaris
can determine a
path north within
1degree, compasses
point to magnetic
north, not true north.
GPS equipment is
notoriously inaccurate when it comes to
finding direction rather than position.

Even for readers who never intend
to rely on these tips to find their way
through the wilderness, The Natural
Navigatoris a great primer on how the
forces of nature affect the landscapes
and seascapes that everyone travels
through. — Sid Perkins
The Experiment, 2011, 304 p., $16.95.
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Kraken
Wendy Williams
The great sea beast, with slimy tentacles
and a penchant for dragging sailors down
into the inky depths, is a common liter-
ary figure. And Williams isn’t shy about
diving into those myths. She launches
her survey of cephalopods, a group that
includes squid, octopuses and cuttlefish,
with a quote from Pirates of the Carib-
bean and a true story — maybe — of squid
1 attack. Williams,
j i though, argues that
these strange crea-
tures are much more.
They’re important to
dimin medicine and ecosys-
: tems, and apparently
quite clever to boot.
Tales of friendly
and problem-solving octopuses with
names like Truman and Lucky Sucker
may help to dispel some of the eerie aura
surrounding these sea invertebrates.

KRAKEN

But Williams also brings readers up to
date on modern cephalopod science,
including an exploration of the ongoing
Humboldt squid invasion of California’s
Monterey Bay. And how octopuses
change color so quickly — that’s a topic
too fascinating to pass up (hint: It
works like a cellular peekaboo game).
Most important, perhaps, these ani-
mals have also taught humankind a lot
about itself. Much of what scientists
know today about brain and spinal cells,
for instance, came from studies of rice
noodle-like neurons that run down the
bodies of small squids.

If that sounds like a bit of a hodge-
podge, it is. Taken as a whole, Kraken
amounts to an episodic argument for
the coolness of cephalopods. Luck-
ily, Williams’ anecdotes and historical
forays are fun, and her writing style is
ideal for general-interest readers of
many ages. — Daniel Strain
Abrams Image, 2011, 223 p., $21.95.

Craving Earth

Sera L. Young

Human biology and
culture are interwoven
in this exploration of
pica, the craving to eat
clay, dirt, starch and other nonfood
substances. Columbia Univ. Press,
2011, 228 p., $29.50.

Craving
rth

The Crossley ID

T CROSSLEY
Guide: Eastern Birds
B Richard Crossley
This illustrated field
GUIDE guide shows each bird

in lifelike scenes using
the author’s photos. Princeton Univ.
Press, 2011, 529 p., $35.

Fast Car Physics
Chuck Edmondson
Fans of fast wheels
and science alike will
get a charge from this
look at motor sports
by a physicist and
amateur race car driver. Johns Hopkins
Univ. Press, 2011, 229 p., $29.95.

Faat ez Bhysics

[Ep—

Loving + Hating
Mathematics
Reuben Hersh and
Vera John-Steiner
Tales of mathemati-
cians’ engagement
with their subject bring to life this
examination of the human and
cultural aspects of math. Princeton
Univ. Press, 2011, 416 p., $29.95.

-

~ The Most
Human Human
Brian Christian
‘; The Turing test com-
petition, an annual
[ Sl search for the most
wes== “human” computer,
is the thread in this tour through
the makings of human intelligence.
Doubleday, 2011, 303 p., $27.95.

The Mast
Human Human

How to Order To order these books or others,
visit www.sciencenews.org/bookshelf. A click on
a book’s title will transfer you to Amazon.com.
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FEEDBACK

Water at the start, and later
“Liquid acquisition” (SN: 1/15/11,

P. 26) discusses two new models about
how Earth got its water. But the two
models are not mutually exclusive.
Indeed, I wonder if perhaps two (or
more) sources of water may be the only
way to match all of the observed iso-
topic abundances. Is anybody working
along these lines?

Stanley Friesen, Frederick, Md.

A combination of the two proposed
scenarios — some of Earth’s water
coming from the planet’s immediate
surroundings at its formation, some
delivered later from space — is definitely
possible. Some researchers believe that
this may in fact be the best solution to
the puzzle. — Ron Cowen

Arsenic-eating microbes
Iwas glad to see the article (“Microbe
swaps arsenic for key ingredient of

life,” SN: 1/1/11, p. 5) on arsenic incor-
poration by microbes. The news media
implied that the arsenic incorporation
was natural.

In the 1970s, Richard L. Raymond
Sr. started an industry using bacteria
present well below the ground surface
(where there’s an absence of light) to
degrade hydrocarbon contamination.
The hydrocarbons are the electron
donors and energy source for the
microbes. Over the years, we have
learned to use chlorinated solvents as
the electron acceptors. Oxygen, nitrate
and sulfate all play roles in the pro-
cess. The use of microbes for soil and
groundwater remediation is now a
large industry.

Bob Norris, Longmont, Colo.

When tales of the arsenic-consuming
bacteria from Mono Lake first appeared
in the news, it was indeed a big deal,
oversetting all our experience with
biochemistry. I was just itching to know

how the organism GFAJ-1 managed
to do the metabolism. But no such
luck; the news coverage just degener-
ated into shrill accusations, devoid

of scientific details. Thank you for
reporting the science behind the
discovery. You have kept alive my
faith in Science News.

Tom Kimmel, Tucson, Ariz.

Correction

The brief item “You spin me right
round” (SN: 3/12/11, p. 19) erroneously
reported the first “spin-orbit coupling”
between the motion of a particle and
its spin. Spin-orbit coupling has been
achieved before in other systems, such
as electrons in gallium arsenide crys-
tals. The new work is the first to accom-
plish it in the much-desired system of
atoms in an ultracold gas.

Send communications to: Editor, Science News,
1719 N Street, NW, Washington, D.C. 20036 or
editors@sciencenews.org. Letters subject to editing.

‘ SOCIETY FOR
SCIENCE & THE PUBLIC

Inform. Educate. Inspire

Sign Up Today
Sign up for the SSP monthly
newsletter and follow our work...

e SSP wgevysﬂl__ettgrj

SCIENTIFIC
AMERICAN |Trave|.
Travel the World with Scientific American
For our upcoming events, visit

www.ScientificAmerican.com/travel
or call 650-787-5665

Give the gift of
ScienceNews

Save time, save
money and give
the magazine that
covers science

in a biweekly,
user-friendly
format.

www.sciencenews.org/gift

WWW.SCIENCENEeWS.org

April 9,2011 | SCIENCENEWS | 31

aoe|dionieA


mailto:editors@sciencenews.org
http://www.societyforscience.org
http://www.societyforscience.org/newsletter
http://www.ScientificAmerican.com/travel
mailto:info@mtnpress.com
http://www.mountain-press.com
http://www.sciencenews.org/gift
http://www.sciencenews.org

COMMENT

Michael Levi

(:'.)

For more Comment, visit Columns
at www.sciencenews.org

Japan crisis may have little effect on U.S. energy policy

Whatever the ultimate repercussions of
the Fukushima Datichi nuclear plant
accident in Japan (see Page 6), the crisis
raises questions over the role nuclear
power should play as an energy source.
Michael Levi, head of the energy secu-
rity and climate change program at the
Council on Foreign Relations in New
York City, spoke to reporters on March
14 about the accident’s potential impli-
cations for U.S. nuclear policy. Science
News contributing editor Alexandra
Witze excerpted his comments.

How will this event affect public opinion
on nuclear power in the United States?
Most people will have their previous
biases reconfirmed. The one place
where I see a potential shift is in the
group of environmental advocates who
may have been willing in the past to
compromise on nuclear energy as part
of abroader deal on climate change,
just like many of them were willing

to do on offshore drilling. This sort of
event will make them a lot less com-
fortable doing that.

Ultimately, the way this affects the
future of U.S. nuclear power is through
regulatory uncertainty and the sort
of public opposition that ultimately
drives up the cost of financing, and
thus the cost, of nuclear power. But a
warning I would give anyone trying
to interpret this is that it is extremely
early. If you go back and look at peo-
ple’s conclusions on the consequences
of last year’s oil spill for the future of
energy policy a couple of days after the
spill, you’ll find that most of them bear
little resemblance to the reality that
unfolded. And it’s worth having a simi-
lar level of caution right now.

How does this compare with last
year’s Gulf of Mexico oil spill?
Again, people had their views con-
firmed. If you were antidrilling, you
looked at it and you saw a horrible

environmental disaster. If you were
pro-drilling, you looked at it and you
saw that there was still limited physical
impact on the shores.... Less than a year
after the Gulf disaster, we’re back to the
same old debate over offshore drilling.
So it’s important not to overstate the
consequences of a particu-
lar event for U.S. policy
until you really wait to see
how all the details play
out and how the context
evolves.

What about the nuclear
reactors currently applying
for relicensing, or those
located in earthquake-

It's important

power shutoff. This situation would cer-
tainly tilt things that way, but the lesson
is not just that there’s a particular fail-
ure mode associated with earthquakes.
It’s that things happen that you don’t
predict when you have very complex
systems, and you need to be prepared
not only to prevent bad
situations from happen-
ing but you need to be
prepared to mitigate the
consequences.

How important is nuclear
to U.S. energy policy?
The nuclear component
is hugely consequential
for U.S. negotiations on

prone zones? not to energy policy. There is
The particular contours overstate the no question that when it
of public opinion in areas consequences comes to alternatives to
with nuclear reactors vary of a pa rticular fossil fuels, those on the
enormously from site to right are far more enthu-
site. In some places, like in event for siastic about nuclear
Westchester, NY., people U.S. pOl |cy than about anything else.
hate nuclear.... In other until you It’s also true that many
places, they seeitasa real Iy wait to of those on the left have
source of employment. become more open to
see how all nuclear as part of a pack-
Do you anticipate the details age. And you saw, for
increased regulation? p|ay out. example, the president

It’s not like U.S. regulators

don’tlook at things like earthquake
risk already. I'm sure people will be
taking a careful look over their regula-
tory schemes and trying to understand
exactly what the vulnerabilities are
that they may not have understood
previously, and if that leads to changes
in how they regulate, then there will be
changes. And regulators are constantly
reassessing their understanding for a
variety of different reasons.

The other thing that will come into
play is there’s been a lot of discussion
about how next-generation reactors
are — the technical term is “passively
cooled” — so that they can still cool
themselves even if they have a complete

in his State of the Union
speech pushing for a clean electricity
standard, rather than a renewable elec-
tricity standard — one of the two key
differences being that it would include
nuclear power under its remit. So cer-
tainly it’s a big piece of energy policy
negotiations. Now, let’s not overplay
this. Energy policy negotiations are
not in great shape, period, so it’s not
like nuclear will be decisive. Right now
nothing big is happening, and this only
makes things somewhat harder. But
over the longer term, I find it very dif-
ficult to see a political compromise on
clean energy — and on clean electricity
in particular — that doesn’t say some-
thing serious for nuclear. B
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Technology Breakthrough O

What To Look For
in a Walk-In Tub:

Five major considerations to
help make an informed decision
before buying a Walk-In Tub:

»» Quality - A walk-in tub is a
major investment. You want to

e NAHB Research
Center certified

TR At T ~cc’l
o “Best in Class

Warranty

s UL approved

Enjoy A Bath Again...

Safely and Affordably

The Designed for Seniors® Safe Step® Walk-In tub
is luxurious, feature-packed and affordable

or millions of aging
FAmericans, the simple

pleasure of a comfortable,
luxurious bath has become a
thing of the past. Fear of falling
is the number one reason that
people leave the home they
love and move to a relative’s
home or some kind of assisted
living facility. The number one
place in the home where falls are
likely to occur is the bathroom.
Now, there is a better solution
for this widespread problem...
the revolutionary Walk-In Tub
from Safe Step.

Easy, Safe Access to your Bathtub.
The Safe Step Tub has a leakproof,
walk-in door and features a new

lower step height that’s only 4
inches high— so you can get in
and out easily. Simply open the
easy-to-turn door latch, walk in
and close the door. It’s that safe
and easy. Our design engineers
have thought of everything. From
the 17-inch high seat (no
struggling to get up or down), to
both water and air-jet therapy, to
built-in heating. It will give
you the freedom and independ-
ence to bathe in safety, comfort
and convenience.

Why not rediscover the soothing,
luxurious pleasure of a comfort-
able bath... in the home you love?
The Safe Step Tub is the best value
on the market. Call now.

ADVERTISEMENT

find a quality tub that will last
for decades. Look for one
that's 100% leakproof and
mold-resistant, full metal
frame construction and one
that's American made.

*»Warranty - Ask for a lifetime

“no leak guarantee” and the
best tubs offer a lifetime
warranty on the tub itself.

»» Pain Relieving Therapy - Find

a tub that has both water and
air jet therapy to soak away
your aches and pains. Look
for Dual-Zone jets.

+» Comfort - Ergonomic design,

easy-to-reach controls.

+» Endorsements - Only consider

tubs that are UL or ETL listed.
Also look for a tub certified
by NAHB (National Association
of Home Builders) Research
Center.

Designed for Seniors®
Safe Step® Walk-In Tub

For information call:

1-877-513-8411

Call now Toll-Free and mention your
special promotion code 42708.

Financing available with approved credit.
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Finally, a ce!
that’s... a
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“Well, I finally did it. I finally decided to enter the digital age and get a cell phone. My kids have been bugging me, my book
group made fun of me, and the last straw was when my car broke down, and I was stuck by the highway for an hour before
someone stopped to help. But when I went to the cell phone store, I almost changed my mind. The phones are so small I can’t
see the numbers, much less push the right one. They all have cameras, computers and a “global-positioning” something or other
that’s supposed to spot me from space. Goodness, all I want to do is to be able to talk to my grandkids!
The people at the store weren't much help. They couldn’t understand why someone wouldn’t want
a phone the size of a postage stamp. And the rate plans! They were complicated, confusing, and
expensive... and the contract lasted for two years! I'd almost given up when a friend told me
about her new Jitterbug phone. Now, I have the convenience and safety of being able to stay in
touch... with a phone I can actually use.”

Jitterhug

888-
663-
6199

CALL?

The cell phone that’s right for me. Sometimes I think the people who designed this phone and
the rate plans had me in mind. The phone fits easily in my pocket, but it flips open and reaches
from my mouth to my ear. The display is large and backlit, so I can actually see who is calling. With
a push of a button I can amplify the volume, and if I don’t know a number, I can simply push one
for a friendly, helpful operator that will look it up and even dial it for me. The Jitterbug also reduces
background noise, making the sound loud and clear. There’s even a dial tone, so I know the phone
is ready to use.

Affordable plans that I can understand — and no contract to sign! Unlike other cell phones, ‘
Jitterbug has plans that make sense. Why should I pay for minutes I'm never going to use? And if I

do talk more than I plan, I won’t find myself with no minutes like my friend who has a
prepaid phone. Best of all, there is no contract to sign — so I'm not locked in for years at a time or
subject to termination fees. The U.S. — based customer service is second to none, and the phone gets
service virtually anywhere in the country.

4 °
. W US.8

Monthly Minutes 50 100 FREE Glft th a\roo‘

Monthly Rate $14.99 $19.99 h ﬁ *

Operator Assistance 24/7 2417 O T g

C &

911 Access FREE FREE O rd er n ow oy 565
Long Distance Calls | No add’l charge | No add’l charge an d receive a
- Voice Dial FREE FREE free Car Charger‘ . .

Nationwide Coverage Yes Yes | Avallable. in
Trial Period | 30 days 30 days A $24 value! Red,White

- J (shown),
More minute plans available. Ask your Jitterbug expert for details. and Graphite.

Call now and get a FREE GIFT. Try Jitterbug for 30 days and if you don't
love it, just return it. Why wait, the Jitterbug comes ready to use right out
of the box. The phone comes preprogrammed with your favorite numbers,
and if you aren’t as happy with it as I am, you can return it for a refund
of the purchase price. Call now, the Jitterbug product experts are ready to
answer your questions.

Jitterbug Cell Phone
Call now for our NEWV low price.
Please mention promotional code 41995.

|-888-663-6199

www.jitterbugdirect.com

firstSTREET

[ N ] L
l Cl. u ® far Boomers and Beyond®
8 1998 Ruffin Mill Road
Colonial Heights, VA 23834

IMPORTANT CONSUMER INFORMATION: All rate plans require the purchase of a Jitterbug phone and a one-time set up fee of $35.00. Coverage and service is not available everywhere.There are no additional fees to call Jitterbug’s 24-hour U.S.
Based Customer Service. However, for calls to an Operator in which a service is completed, minutes will be deducted from your monthly balance equal to the length of the call and any call connected by the Operator, plus an additional 5 minutes. Rate
plans do not include government taxes or assessment surcharges. Prices and fees are subject to change. Savings are based on marketing materials from nationally available cellular companies as of June, 2010 (not including family share plans). The full price
of the Jitterbug Phone will be refunded if it is returned within 30 days of purchase, in like-new condition, and with less than 30 minutes of usage.A Jitterbug Phone purchased from a retail location is subject to the return policy of that retail
location.The Jitterbug phone is created together with worldwide leader Samsung. Jitterbug is a registered trademark of GreatCall, Inc. Samsung is a registered trademark of Samsung Electronics America, Inc. and its related entities. Created together with
worldwide leader Samsung, Copyright © 2010 by firstSTREET for Boomers and Beyond, Inc. Al rights reserved.

We proudly accept the following credit cards.
vish| ©F - U

47472


http://www.jitterbugdirect.com
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