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.saYS'Astronomy has to be complicated? Let a NexStar SE help you find
usands of stars, planets galaxies and more at the touch of a button!
The new NexStar SE Family combines unprecedented ease of use with
advanced features and incredible value. Buyer’s remorse not included.

m Computerized hand control with nearly 40,000
object database and motorized Altazimuth mount

Quick release optical tube for easy no-tool setup
StarBright XLT® enhanced coatings for maximum
light transmission and clarity

SkyAlign™ allows you to align on any three bright
objects, for a fast and easy alignment process
StarPointer™ finderscope to help with alignment
and accurately locating objects

Flash upgradeable hand control; update your
telescope’s operating software via the internet
Internal battery compartment to prevent

cord wrap during use

des NexRemote® telescope control software,
ed control of your telescope via

rium software — with 10,000
rintable sky maps and

Excrusive FEATURES OF THE
NEexStar 4SE anDp 5SE

Tripod features built-in
wedge which allows ease
of use for astrophotography!

telescope in minutes with
our new SkyAlign
technology. Just point

the telescope at three

bright stars and let the Includes a camera control
feature that allows you to
remotely take a series of
timed exposures using your

digital SLR camera.

computer do the rest.
You don't even need
to know the names
of the stars!

(J;CE[ESTRO o el

B&H Photo — 800.947.9970 - www.bhphotovideo.com Telescopes.com — 888.988.9876 — www.telescopes.com
Optics Planet -~ 800.504.5897  www.opticsplanet.com Astronomics — 800.422.7876  www.astronomics.com
Adorama — 800.223.2500 - www.adorama.com Oceanside Photo and Telescope (OPT) -~ 800.483.6287 — www.optcorp.com

Scope City — 800.235.3344 — www.scopecity.com Hands on Optics — 866.726.7371 — www.handsonoptics.com
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NexStar 5SE
Item #11036

NexStar 4SE
o NexStar 65E
item #11049 Item #11068

' WEXSTAR ¢ P

<
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1. SE telescopes feature Celestron’s renowned optical systems
and come standard with our premium StarBright® XLT Coatings.

2. Flash upgradeable hand control contains a database of nearly 40,000
celestial objects and advanced software features including SkyAlign,
Identify Mode, User-definable Horizon Limits, and Precise GoTo.

3. Designed For Portability: with heaviest model only 24 Ibs, spend more
time observing with these lightweight and easy to set-up telescopes.

4. Heavy-duty steel tripod with accessory tray; 4SE and 5SE tripods
feature a built-in wedge.

NexStar 4SE (4")  $499.00* | NexStar 6SE (6”) $899.00*

NexStar 55E (5”)  $699.00*  NexStar 8SE (8")  $1,299.00*

*Suggested retail price in U.S. dollars after mail-in rebate. Additional shipping and handling charges may apply.

Receive a $ 100 rebate on the NexStar 4SE, 5SE, 6SE and 8SE. Offer good between November 1, 2008 and December 31, 2008.
Visit www.celestron.com or see your dealer for complete details*.

*Some restrictions apply. Offer good for ULS. and Canada customers only.

Sky Align Technology: U.S. Patent No. 7,382,448
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The history of flying-saucer designs, and one
craft that may actually go on sale next year.

341

From their sheer diversity to how they
navigate in the dark, bats are full of surprises.

PORTFOLIO

Stunning pictures of some of North America’s
most impressive animal camouflage.

FRONTIERS OF MEDICINE p72 1

How transgenic pigs are helping researchers
uncover a cure for Alzheimer's disease.

Babies with tails, dolphins with extra flippers
and other extreme oddities explained.

ALTERNATIVE ENERGY

lP.54!

“In the future, we'll
all be able to
afford strange and
wonderful new
flying machines that
defy conventional
aerodynamics.”

On the cover: An artist’s render-
ing of a flying saucer for the
Delft University of Technology
in the Netherlands.

>
Harnessing a dangerous buildup of gas in an
African lake to produce cheap fuel.
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How our moon stands apart in the solar
system, and how it helped shape Earth.
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Geologists find the world’s first trees in New
York State, solving a 170-year-old mystery.
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- Everyone can appreciate technologies that go from gas-friendly to gas-free.
That's wh\'ﬁﬁhew’" offers more models than Toyota or Honda with an EPA estimated 30 MPG highway or better, plus more
vehicle choices today than any brand that can run on cleaner-burning, mostly renewable 85 ethanol! It's also why we've
introduced both Malibu® Hybrid® and Tahoe® Hybrid®*— America’s first full-size hybrid SUV? And why we've put tremendous

L]

design and engineering resources in place to make Chevy Volt™* - our extended-range electric vehicle—a reality. Now that’s

¢
technology everyone can a_Wa‘te. Find out more at chevy.com m mm R mn'm *

v @

FUEL EFFICIENCY BIOFUELS HYBRID ELECTRIC FUEL CELL

1E85 is 85% ethanol, 15%

4 Excludes other GM vehicles. 5

‘For more info ortafind an E8S station nearyou, go to chevy.com/biofuels. 2 Malibu Hybrid very limited availability. 3 At participating dealers anly.
Volt not availablefor sale. ©2008 GM Corp. Buckle up, America!
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Saving Stripes

The proﬁlgof Li Qupan and her effort
to save the South China tiger [“Bred
to be Wild,” September/October] is
an unsettling account of the hope
and determination needed for the
survival of the subspecies. The
strides Quan and her husband have
made in breeding a new generation
of tigers at their preserve are encour-
aging, though many hurdles remain.
China’s State Forestry Administra-
tion will need to provide enough
territory for the tigers. If Quan’s
foundation is able to demonstrate
success, this ex-situ method may be-
come a popular manner of conserva-
tion in the future.

Aaron Kohan Chicago

Flight of Truth

Your article “Inspired by Nature”
[July/August] was engaging, but the
references to Leonardo da Vinci and
the Wright brothers in the beginning
of the piece could be misconstrued.
Da Vinci assumed that man would

Best Foot Forward

Thank you for the very informative
article about the ancient footprints
discovered in Mexico [*Footprints
From Our Past,” July/Aug.]. It was
especially refreshing to see the vari-
ous interpretations discussed. Most
science articles present only the
commonly accepted theory.

Jeff McKenzie West Valley, Utah

Weird Science

One of the best examples I've ever
seen of science babble can be found
in the “Medical Discovery!” ad for

a home water machine [page 89,
July/Aug.|. The single sentence “Since
blood flow can easily be

measured, you don’t need double-
blind studies...” shows such a pro-
found lack of understanding of what
constitutes scientific proof that I have
no sympathy for anyone gullible
enough to swallow this nonsense.

George Gjelfriend Asheville, N.C.

Corrections

In“Seawater + Freshwater = Clean Energy”
[Sept./Oct], we should have stated that, in
humans, a cell membrane—not a cell
wall—regulates the movement of water
molecules in and out of the cell.

In"Why do some animals have whiskers?”
[‘Ask Us"Sept/Oct], the last sentence, which
was incomplete, should have read, "A com-
puter collected and analyzed information
and produced a precise spatial image of the
object the whiskers encountered”

fly as birds do, with movable
wings. Although Wilbur
and Orville Wright studied
avian flight, the brothers
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The Rising Sun.

What is time?
‘What is time keeping? Does it even matter?

The Swiss wants us to think it is all about erector sets and pretense. The Jewish tricked us into thinking time started
when Jesus was circumcised and the Muslims suggest it all commenced when Muhammed escaped from Mecca. What
planet are these people on? Time to snap out of it. Humanity came to somehow see themselves as superior to Earth, Not so,
change is needed. It is not that hard, look to the universe, it is all there. Every day is a clean sheet, begin the change now.
Procrastination is no longer an acceptable excuse.

Consider this, the YES watch is the only time keeper that
reconnects the natural cycles of the sun and the moon with the
constant ticking of hours, minutes and seconds. At a glance you
see times for sunrise, sunset and solar high noon, plus times for
moonrise, moonset and lunar phase for wherever you are.

Inspired by shamans, horologists and engineers, the YES
watch enables time management capabilities not found in any
other timepiece. The unique day and night display combined
with the one 24-hour hand offers an intuitive read of time
and your place in it. The watch also alerts you to solstices,
equinoxes and cross-quarter dates, and predicts time and date
for the next new and full moons through the year 2099.

This one of a kind watch also gives you month, date and
day, week number and day of year, plus it has a 99 minute
timer, 24-hour stopwatch with laptime, 999 day countdown,
future date calculator and a backlight for nighttime viewing.
It has been programmed for 583 cities worldwide, but can
also be set by latitude, longitude, time zone and DST. The
cases are made out of stainless steel or hypo-allergenic
titanium and fitted with an anti-glare sapphire crystal. The
metal bracelets have locking clasps. Leather and rubber
straps, instruction manual and jewelers tools are included
with all models. Our ladies watch collection starts at $395.

We offer a two year warranty and a 30 day money back
guarantee. To learn more and see the entire line visit our web
site. For a list of retailers or a catalog call 858 729 0703,
toll-free 877 YESWATCH, or e-mail your name and
address to info@yeswatch.com.

www.yeswatch.com 7[}106‘45845

YEeS

time keeping the way it
was supposed to be
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Nature " Bull's-Eye ]

Colorful balloon lumpfish grip equally festive party bal-
loons at Tokyo's new Epson Shinagawa Aqua Stadium,
home to more than 20,000 sea creatures in its aquarium.
Known to the Japanese as fiisen-uo, the Eumicrotremus
pacificus is native to the cold waters off the island of Hok-
kaido in northern Japan.The fish's underside features a
sucking disk that allows it to withstand heavy currents by
clinging to rocks on the seafloor.
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Homegrown Neurons

These nerve cells used to be something else. Scientists in a joint Harvard-
Columbia University study began with skin cells from the forearms of patients
with amyotrophic lateral sclerosis (ALS), or Lou Gehrig’s disease. They reverted
the cells back to stem cells, which they then grew into the types of neurons -
that are prone to developing the brain disease. Fluorescent dyes bind to pro-
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OPT has the largest selection

of astronomy equipment on the
planet. Whether it's an entry
level computerized telescope or
a complete robotic observatory,
our experienced and knowledge-

able sales staff can help. We've
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years, and helping astronomy
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Stars forming
in surprising
places

wasp? Wasp,
byalong shot

Thesecret to
age-proof
Mayan paint

Hydrophones Reveal Clues
to Humpback Language

Scientists eavesdrop on whale noises to decode communication

BIOLOGY Adult humpback whale
“songs” have fascinated scientists since
their patterns were recognized four
decades ago. But it's not just the grown-
ups making all the ruckus. Thanks to new
technology—and good old-fashioned
face time—researchers have discovered
that humpback calves make sounds to
communicate with their mothers.

Scientists at the Cetos Research Orga-
nization in Oakland, California, designed

a means of detecting whale sounds in
the waters off Maui and Kauai, Hawaii.
Researchers placed two hydrophones at
different distances from a group of whales
and timed the sounds. The angle of the
sound waves, plus video footage, con-
firmed that calves were making the noises.
As for what the little ones were saying,
underwater interaction with the whales
shed some light. When the calves ap-
proached divers holding hydrophones, the

Grunts, squeals
and bubbles may
hold the secret
to humpbackese.

whales sometimes emitted a low grunt,
then a squeal. Here, the calves did not
swim away from the divers, and the moth-
ers did not try to protect their young. The
sounds may indicate curiosity, says Cetos
director Ann Zoidis. In other cases, calves
made several low grunts in a row and blew
bubbles, which caused the mother to
surface and lead the calves away. Grunts
followed by bubbles may express some-
thing similar to alarm, Zoidis says.

NOVEMBER/DECEMBER 2008 SCIENCEILLUSTRATED.COM | 17
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hunt them,

Previously undetectable
stars are forming at the
outskirts of galaxy M83.

grow long.

How Tomatoes Get Their Shape

Genetic engineers create surprisingly shaped fruit

BOTANY Tomatoes come in more shapes
than most other fruits—oval, round, pear-
shaped or even elongated like a chili pepper.
Scientists may have recently found one reason
for the variety: an extra copy of a gene called
SUN seems to trigger elongation.

Earlier this year, crop scientists at Ohio State
University found that two copies of the gene
are present in elongated tomatoes, while other
varieties have only one. To test their theory that
SUN controls shape, the researchers cloned the
gene and introduced an extra copy into wild to-
mato plants that typically produce round fruit,

18 | SCIENCEILLUSTRATED.COM NOVEMBER/DECEMBER 2008

and the resulting tomatoes were elongated.
When the extra copy was removed, the fruit
turned out round.

The researchers are now working on iden-
tifying other genes that contribute to tomato
shape. The results may help scientists under-
stand what controls the shape of other plants
like peppers, cucumbers and gourds, says lead
researcher Ester van der Knaap. Although farm-
ers already create interesting shapes—square
watermelons, for instance—using molds, they
may one day plant fruit genetically designed for
specific shapes to satisfy consumer appetite.

Stellar Surprlse
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The Bose® QuietComfort® 2 Acoustic Noise Cancelling® Headphones.

Think of them as a peaceful getaway from the world “The QuietComfort 2 lives up to its
around you, Whether it’s the engine roar inside an airplane  name, enveloping you in blissful
cabin, the bustle of the city or the distrac- sound in the utmost comfort.
tions in the office, Bose QuietComfort 2 It's easy to forget they are on
headphones help them fade softly into the  your head.” That's what respected
background with the flick of a switch. You  columnist Rich Warren reports. To enjoy peace and tranquility,
can savor delicate musical simply turn them on. To add Bose quality
sound, attach the included audio cord and
connect them to a laptop computer,
portable CD/DVD/MP3 player,
in-flight audio system or home
stereo. They also offer a fold-
flat design for easy storage in

: nuances without dis-

¢ turbing others. And
when you're not listening to music,
you can slip into a tranquil haven
— where you can relax and
enjoy peace and solitude.

Use them as a
concert hall - or a
sanctuary.

Clearly, these are no the slim carrying case.
ordinary headphones. It’s
no exaggeration to say
they’re one of those
things you have to

experience to believe.

Try the QC2 headphones
for yourself, risk free.
You really must experience

them to believe it. Call toll

free to try these headphones
for 30 days. Use them on
your next trip, in your home
or at the office — satisfaction
guaranteed. If you aren’t
delighted, simply return them
for a full refund.

“It's as if someone behind
your back reached out,
found the volume control
for the world, and turned
it way, way, down,” reports
TechnologyReview.com. Bose QC*2
headphones incorporate patented
technology that electronically

\

Call 1-800-901-0256, ext. Q6778

identifies and dramatically reduces noise, today. The QC2 headphones are available
while faithfully preserving the music, movie dialogue or tran-  directly from Bose — the most respected
quility you desire. We designed these headphones primarily for name in sound. When you call, ask FREE
airplane travelers. But owners soon started telling us how much  about making 12 easy payments, with shipping
they enjoy using them in other places to reduce distractions no interest charges from Bose.* And with your
around them. They’re excellent for listening to music whether  discover a very different kind of head- order.
you're on the go, at home or in the office. phone — QuietComfort 2 Acoustic Noise

Cancelling headphones.

“Forget ‘concertlike’ comparisons; you'll think you're
onstage with the band.” That’s what Travel + Leisure Golf

said when these headphones were first L g
introduced. You'll relish the sound ’

of a bass guitar. Or a flute. Or the 1 '800‘901 ‘0256' ext. Q6778

delicate inflections of a singing voice. www.Bose.com /Qc

The audio is so clear you may find your-
self discovering new subtleties in even

your favorite music. _B”5E
Better sound through researche

*Bose payment plan aveilable on orders of $299-$1500 paid by major credit card. Separate financing options may be available for select products. See website for details. Down payment is 1/12 the product price plus applicable tax
end shipping charges, chargad when your order is shipped. Then, your credit card will be billed for ‘I1 squal monthly installments beginning approximately one month from the date your order is shipped, with 0% APR and no intarest
charges from Bose. Credit card rules and interest may apply. U S. residents oniy. Limit one active f g program per ©2008 Bose Co ion, Patent rights issued and/or pending. The distinctive design of the head-
phone oval ring is a trademark of Bose Corporation, Financing and free shipping offer not 1o be mrnblnad with other offers or applied to previous purchases, and subject to change without notice. Risk free refers to 30-day trial only
and does not include retum shipping. Delivery is subject to product avai y. Quotes reprinted with permission: Simson Garfinkel, TechnologyRsview.com, 7/3/08; Travel + Leisure Golf, 7/03; Rich Waren, NMews-Gazette, 5/19/03
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Science Update 1L /)

Good Greenhouse Gas

REITITRD A new process is on the

horizon that may provide an answer to
Earth's growing carbon dioxide problem:
Turn it into fuel.

When CO, loses one of its oxygen at-
oms, it becomes carbon monoxide (CO), an
ingredient in a type of fuel called synthesis
gas, or syngas. Syngas is made through a
reaction between CO and hydrogen, and
can be converted to gasoline, diesel or jet
fuel or used as a raw material for plastics.

Removing the oxygen from CO, is as
simple as heating the gas to 4,352°F, when
it spontaneously breaks up into CO and

oxygen, Trouble is, the large amounts of
energy required make the process costly.
Now, Sandia National Laboratories has
developed an affordable solar-powered
system that can pull apart CO, at a much
cooler 2,732°F,

The prototype, called the Counter
Rotating Ring Receiver Reactor Recupera-
tor, or CRS, uses a large mirrored dish to
capture solar energy in a two-chambered
device, That energy heats rings made from
a ceramic material called cobalt ferrite to
2,732°F, at which point the rings release
oxygen molecules without losing their

splitting CO,

structural integrity. The rings then move

to the second chamber where they are
bathed in CO,, which cools them to 2,012°F.
At this temperature, the rings strip the CO,
of one oxygen molecule to replace those it
lost, resulting in CO.

Don't expect CRS to solve our carbon
dilemma anytime soon, though: The tech-
nology is at least 15 to 20 years away from
market, says Ellen B. Stechel, the manager
of Sandia’s Fuels and Energy Transitions
Department. Eventually, the CO, could be
collected directly from a source—a coal
plant, for example—and pumped through
the CRS in real time. The gas could also be
stored in large tanks in a liquefied form to
be pumped into the CRS later. Future pro-
totypes may also use stored thermal energy
as a backup to solar energy on cloudy days.

The CR5 system uses solar energy to remove oxygen
atoms from carbon dioxide to make fuel. Here’s how.

1. A parabolic mirror focuses sunlight on the reactor. The rays hit
rotating ceramic rings.

2.The top half of the rings are heated to 2,732°F by the sunlight.

At this temperature, the ceramic releases some of its own
oxygen molecules.

3. As the heated rings rotate to the bottom of the reactor, their tem-
perature falls to 2,012°F as they are cooled by a continuous bath
of (0, Each ring rotates in the opposite direction of those directly
nextto it [inset], which helps the rings heat and cool efficiently.

4, At 2,012°F, the ceramic strips the (0, of oxygen to replace
what was lost during the heating process. The resulting carbon
monoxide is later combined with hydrogen to form the base of
liquid fuel or plastic.

What's under
his shirt?

' A Better Bomb Detector

m Those agonizing security lines at the airport may soon be a
thing of the past. A new scanner from British company ThruVision spots weapons
hidden under clothing from a distance of up to 82 feet. The systermn analyzes
so-called T-rays—radiation with frequencies in the terahertz range—which are
emitted by all objects, each with its own specific frequency. The scanner can
passively pick up the radiation signature of explosives, liquids, narcotics, weapons,
plastics and ceramics without revealing body details. The technology is being
marketed to large sporting arenas, checkpoint-control installations and interna-
tional airports to allow for a wider range of scanning than is currently possible
with conventional detectors and to prevent bottlenecking of crowds at security.
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smartShedding”
Technology

Allowws the master outiet to
sense when your computer
has ither been twrned off
or has gone into sleep mode

so it can shut off power to
peripherals plugged into the
controlled outlets—saving
you power and money.

Your data should last forever.
And so should our planet.

Save $40° a year on your electric bill with the most efficient battery backup yet.

Let's protect what's important

What's in your computer? Photos, music,

personal files, financial data, broadband
access, videos, and more. Your computer
has never been more important, and

yet it has never been at higher risk

for damaging power surges and other
disturbances.

So like most people, you need to protect
your assets. But like most people, you'd
also like to protect the environment.
With our new energy conscious products,
you can do both. Energy efficient by
design, our new smart products protect
the power going in your computer, at a
cost that is quickly offset by big energy
savings. How? Not only do the new
Back-UPS ES® and SurgeArrest® use
power very wisely, they also boast a
master/controlled outlets feature, which
automatically powers down idle devices
10 conserve energy.

APC power protection products are available at:

w D =

PCConnection  COW)

TEOOE A

Power Conversion

“The price tag on the new UPS is $99. While
I'm not in the habit of endorsing products
in this blog, if you're in the market for a
waorkstation-class UPS, why not opt
far the greener option?”

- Heather Clancy,
ZONet.com

In fact, while protecting your power
supply, we're up to 5 times more energy
efficient than any other solution. By
saving you $40 a year in energy costs,
our Back-UPS ES pays for itself in 2
short years. The high frequency, low
copper design has a smaller transformer
and environmental footprint. Even the
packaging has been carefully selected
and manufactured to maximize use of
recycled materials and minimize waste.

In this world, every decision you make
counts. So protect your power with a
battery backup that works to protect
the environment. It conserves power, it
pays for itself, and it's backed by APC's
20-plus years of Legendary Reliability®.
For more information on this
or our other great products,
or for information about
environmentally responsible
disposal of your old battery,
visit www.apc.com

Enter to Win a Back-UPS” ES 750G! a so9 vae)

Also, enter keycode to view other special offers and discounts.
Visit www.apc.com/promo Key Code e404w or Call 888.289.APCC x8076 or Fax 401.788.2797

Energy efficient solutions for
every level of protection:

Save 25 per year'on
- your electric bill!
Surge Protection
Starting ats34
Guaranteed protection
from surges, spikes,
and lightning.

7 outlets, Phone/Fax/Modem
Protaction, Master/Controlled Outlets

Surgefimest’
PI6T

Save v4[| Jar year*on
your electric bill!

Battery Back-UPS®

Starting at

g a 399 Back-UPS
Our most energy ES 7506
efficient backup for
home computers.

10 outlets, DSL and Coax
protection, Master/Controlled
Outlets, High Frequency Design,
70 minutes of runtima’

AFPC can help with your ather power protection needs,
Visit apc.com to see our complete line of innovative products.

ArC

Legendary Reliability®

Al trademarks are aowned by Schreider Electric Indusiries 5.A.5., American Power Conversion Corporation or their affiliated companies.

e-mail: esupport®apc.com * 132 Fairgrounds Road, West Kingston, RI 02892 USA » 998-0068 "Runtimes may vary depending on load
*iwerage savings are based on comparable competitive models, and are comprised of two energy saving features: An uitra efficent electrical design, and the mastencontrolied autlets feature,


http://www.go2pdf.com

R

L
Combined with a PAT scan, an
ultrasound of the brain shows
overactive areasin red.

Epilepsy on the Brain

About one third of people with epi-
lepsy do not respond to drugs, and may need surgery
to remove the overactive brain regions responsible
for their seizures. To locate the diseased parts, doc-
tors often implant electrodes directly on the surface
of the brain during electroencephalography (EEG) or
use scans like magnetic-resonance imaging (MRI).
But now there may be a better way.

Researchers at the University of Florida
recently used a technique called laser-
induced photoacoustic tomography (PAT)
to locate overactive areas in rat brains, PAT
uses a laser to penetrate the skull without
cutting flesh. When the laser strikes brain tissue,
the light causes small vibrations detectable with an
ultrasound. The overactive parts of the brain absorb
the most light, and so they vibrate more.

PAT technology offers better resolution than other
brain-imaging techniques and can clearly locate the
overactive areas, making surgery more successful.
PAT is far less invasive than implanting electrodes,
which is usually done again after surgery to see if the
overactive areas were completely rermoved or have
grown back. The test takes seconds, versus several
minutes for MRI and other scans, and can be done
bedside—an advantage for patients who aren't
easily moved or who might not be able to sit still.
Researchers are at work on a laser that can generate
the vibrations through a thick hurman skull.

\. o

FLASH! European researchers recently detected

carbon-13 in 4.25-billion-year-old diamonds. Small
amounts of ¢-13 usually indicate organic material, so
the ancient gems—the oldest diamonds ever found—
might hold proof of life on Earth far earlier than 3.5 bil-
lion years ago, the current best guess,
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How to Wrestle a Roach

With a sting, the jewel wasp can paralyze a cockroach, which the
wasp then uses as food for its offspring. Israeli scientists recently revealed just how
this vicious process works when they discovered that the wasp actually stings

the cockroach twice. A first sting to the thorax debilitates the roach’s front legs, al-
lowing the wasp enough time to sting the head. This second sting blocks a brain
chemical that regulates movernent. The wasp then takes the cockroach by the
antennae and leads it—like a dog on a leash—to an ideal spot. There the wasp
lays its eggs on the roach’s belly. When the eggs hatch, the wasp larva burrow into
the roach’s abdomen and devour its internal organs, eating the roach alive over
the course of a week. Even for a cockroach, it's a sad way to go.

The jewel wasp
overpowers a cockroach
to feed her eggs.

o
%

This painting from Mexico
contains a mysterious
Mayan pigment.
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The New Oldest

L
American Structure
German and Peruvian

scientists have unearthed what may be the
oldest man-rade structure ever found in the
Americas. Carbon dating revealed that the
plaza, found in the northern Peruvian city of
Casma, is 5,500 years old. That predates an
ancient city in Caral, Peru, previously believed

be the oldest structure in the Americas, by
508ryears.

The archaeologists also discovered four or

five other plazas beneath this one, which they
think may be even older.

A pot discovered more than a century ago reveals the secret to the Mayans’ durable pigment

ANTHROPOLOGY The Mayans are known
for their bright blue paint, but scientists
have long pondered the ingredients for the
pigment, which is astonishingly resistant
to age, acid, weathering, biodegradation
and even modern chemical solvents. The
paint, first discovered in 1931, is known to
be made by combining indigo, a blue veg-
etable dye from leaves, and palygorskite, a
white clay mineral. The mystery was what
method the Mayans, who ruled Central
America from A.D. 250 to 900, used to fuse
the dye and clay together. Now a research

team from the Field Museum in Chicago
has uncovered it.

’I"Science Update

7

Chameleons and camouflage
go hand in hand, right? Wrong, according
1o observations of 21 species of south-

ern African dwarf chameleons—the first
research to study why the lizards change
colors. Scientists at the University of Witwa-
tersrand in South Africa and the University
of Melbourne in Australia used a spectrom-
eter to measure the range of color changes
male chameleons display.

The researchers then used computer
modeling to approximate chameleon
vision. They found a correlation between
the colors that a species can see and the
colars the species display, which means

Scientists recently analyzed a three-
footed clay bowl found in 1904 in a wellin
the Mayan ruins of Chichén Itzd in modern-
day Mexico. (The bowl has been at the Field
Museum since its discovery but was never
analyzed until now,) It contains incense
made from copal, a tree resin the Mayans
used for ritual and medicinal purposes, as
well as small white and blue fragments,
which showed signatures for palygorskite
and indigo. Based on this find, the research-
ers concluded that the burning of a mixture
of copal, indigo and clay brought the
temperature up to 302° to 392°F. The dye’s
molecules are then incorporated into pa-

Not-so-Camouflaged Chameleons

~

chameleons may use their coloration to
communicate with one another.

The scientists also compared the color
changes with the colors of the animals’
habitats. The displays made the cha-
meleons stand out against their habitat
rather than blend in. According to more
computer modeling, predatory birds could
also detect the changes, indicating that the
chameleons actually put themnselves at risk
by taking on new hues. Although many
chameleon species change colors for cam-

ouflage, now we know that some, like the
southern African dwarf, may use the ability
specifically for social signaling.

To read more on animal
camouflage, see page 54.

. Mayan Empire

S
lygorskite, stabilizing the color—the keyto -
why Maya Blue is so long-lasting. The resil-
ience of the color makes it one of the great
technological and artistic achievements of
pre-Columbian Mesoamerican culture.

Blue and white colors are visible in this
ancient pot containing copal incense.
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Brazilian scientists report surprising animal finds

The Cerrado region of Brazil is
living up to its classification as one of the
world's top biodiversity hotspots, areas
singled out by conservationists for a great
variety of life. During a recent monthlong
expedition to a nature reserve in the
region, scientists discovered 14 previously
unknown animals,

The most fascinating find may be a
legless lizard, which has the characteristic
eyelids and external ears of a lizard but is
missing limbs and a pointed snout. The ani-
mal resernbles a snake in appearance and
in its slithering movements, researchers say.
The scientific team, which consisted of 26
zoologists from various universities in Brazil,
also found eight new fish, a horned toad,
two reptiles, a tiny woodpecker and even
one mammal: a fat-tailed mouse opossum.

B Cerrado region

o
o
'

The Cerrado region’s wooded grasslands
once covered an area half the size of Europe,
but it is now being converted to cropland
and ranchland, and the original animal and
plant life is disappearing at an alarming rate.
All of the newly discovered species were
found in the Serra Geral do Tocantins Eco-
logical Station, a 1.8-million-acre protected
nature preserve within the region.

The legless lizard
looks and moves like
asnake.

In this computer simulation
of the star HL Tau, the clump in the
upperright is a young protoplanet.

Baby Planet Found

The distant constellation
Taurus is home to the youngest planet ever
found, say astronomers at the University of
St. Andrews in Scotland. For now, the abject,
which is 14 times the size of Jupiter, is a
protoplanet—a disk of gas and dust in the
very early stages of planetary development.

The recent discovery is in orbit around
HL Tau, a star that is probably no more than
100,000 years old. Since a planet can form
only after the birth of its star, this protoplanet
cannot be older—and scientists believe that
it may in fact be much younger. A second
star may have passed by HLTau around 1,600
years ago, and the flyby could have triggered
the formation of the protoplanet, known as
HLTau b.

Regardless of whether the planet is 1,600
or 100,000 years old, it's still considered a
newborn. The youngest planet previously
known, TW Hya b, in the constellation Hydra,
is 10 million years old. Observing the planet at
such an early stage may shed new light on the
hotly debated processes behind planet forma-
tion, researchers say.

Anew bandage developedbya
company in England contains a chip and
sensors to monitor the wearer’s tempera-
ture, blood glucose and other conditions

after being discharged from a hospital. It
transmits the information to a base station
that keeps an electronicrecord, which can
be downloaded by a doctor or nurse.

CLOCKWISE FROM TOP LEFT: P. NASKRECKI/MINDEN FICTURE; K. RICE/ROYAL OBSERVATORY/EDINBURGH; MIGUEL TREFAUT RODRIGUES/CRISTIANO NOGUEIRA(2)


http://www.go2pdf.com

Rare Hoard of 100-Year-Old U.S. Gold Coins Released to Public

Our buyers just discovered one of the most significant
European Bank hoards of US. gold in years. They As low as

secured 1,769 magnificent U.S. gold coins A i 5595
guaranteed to be over 100 years old. The ‘»11? — ;r_!_ ea.
75 | - : i M > R -

Don't Miss
This Opportunity:
Order Now!
vintage coins in this hoard represent Consider that the num-
dates ranging from 1866 through ber of U.5. coin collectors has
1907 that uniquely represent the sharply risen to over 50 mil-
lion today, you may never
get a second chance to take
Uncirculated Gold Coins
from the Past are

advantage of this opportu-
nity. Order now while

Tikalsic Tianiiiras our limited supplies last.
Buy more and save! Due
Each of these $10 Gold to our limited supply of
Liberty coins is certified in these coins, we must issue a
Uncirculated Condition. As gold strict limit of 10 coins per
values have soared with unpre- customer. Why pay $599 or
dictable oil prices and the falling dollar, more for similar coins? Prices and
you may never again have the opportunity orders subject to availability, so call
to own these gold coins at this price. today. Your satisfaction is assured by our

With the falling dollar, demand for these coins Shown larger than actual size 30-day money-back guarantee.

continues to escalate as collectors and investors of 27 mm In diameter
- scramble to scoop up U.S. gold coins for their
, Order More & Save
pure gold content and scarcity. ; o |
- . T o per coin shipping tota
Certified genuine uncirculated U.S. gold

— . { i . _— 1 Liberty Coin 5649 515 S&H 5664
b ) . coIns have mistorical and numismatc value 3 Liberty Coins $635 FREE! $1.905
7 e Y that bullion gold cannot match, making these 5 Liberty Coins $619 FREE! $3,005
d! -5 s i ¢ t coL £ gk,
W ' ¢ coins even more attractive, 10 Liberty Coins $595 FREE! $5,950

Call Toll-Free:

1-800-585-9240.. ..«

New York Mint, 5577 W 78th St., Edina, MN 55439

; ’ ' Not affiliated with the U.S. Government
d/

5 2008 New York Mint
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EXERCISE IN EXACTLY 4 MINUTES PER DAY

Winner of the Popular Science Award for the
“Best of What's New” in Leisure Products

ROM « MANUFACTURED IN CALIFORNIA SINCE 1990

TIME IS IT. Over 92% of people who own exercise

and improves bad backs and shoulders.

equipment and 88% of people who own health club
memberships do not exercise. A 4 minute complete
workout is no longer hard to believe for all the people who

Too good to be true? Get our free video and see
for yourself. The best proof for us is that 97% of
rentals become sales. Please visit our website at:

since 1990 have bought our excellent Range of Motion

machine (ROM).

Over 97% of people who rent our
ROM for 30 days wind up purchasing
it based upon the health benefits
experienced during that tryout, and
the ROM performance score at the
end of each 4 minute workout that
tells the story of health and fitness
improvement.

If you value your time at more than
$5 an hour, the ROM machine is the
least expensive method of exercise
for you.

The ROM 4 minute workout is for
people from 10 to over 100 years old
and highly trained athletes as well.
The ROM adapts its resistance every
second during the workout to exactly
match the user’s ability to perform
work. It helps to balance blood sugar,

www.FastExercise.com.

The typical ROM purchaser goes through several stages:

. Total disbelief that the ROM can do all this in only 4 minutes.
. Rhetorical (and sometimes hostile) questioning and ridicule.
. Reading the ROM literature and reluctantly understanding it.
. Taking a leap of faith and renting a ROM for 30 days.
. Being highly impressed by the results and purchasing a ROM.
Becoming a ROM enthusiast and trying to persuade friends.
. Being ignored and ridiculed by the friends who think you've lost your mind.
. After a year of using the ROM your friends admiring your good shape.
. You telling them (again) that you only exercise those 4 minutes per day.
. Those friends reluctantly renting the ROM for a 30 day trial.
Then the above cycle repeats from point 5 on down.

Lo~ WNER

5

The more we tell people about the ROM the less they believe it.
From 4 minutes on the ROM you get the same results as from 20 to 45
minutes aerobic exercise (jogging, running, etc.) for cardio and
respiratory benefits, plus 45 minutes weight training for muscle tone and
strength, plus 20 minutes stretching exercise for limberness/flexibility.

Order a FREE DVD from www.FastExercise.com or call (818) 504-6450

Factory Showroom: ROMFAB, 8137 Lankershim Blvd., North Hollywood, CA 91605
Fax: (818) 301-0319 e Email: sales@FastExercise.com

RENT A ROM FOR 3() DAYS. RENTAL APPLIES TO PURCHASE.
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I When ’ : How do - Whatisthe
did childhood = Sk A turtles flip onto - safest way to put out
illnesses emerge? : : their backs? a grease fire?

At extreme latitudes, particles
from the sun hit oxygen atoms
in the atmosphere, producing
a multicolored glow.

.

-

particle (an elec-
tron or proton) collides with atoms or
molecules in the Earth's atmosphere, the
particle transfers some of its energy to
the molecule, electronically exciting it.
The excited molecule then releases this Green Means Oxygen
excess energy as light—and different The lights have varied colors, dependi ich atoms or molecules the charged
atomic species create different colors. particles from the sun hit. Here, green hgl‘:thced by oxygen atoms.
If a nitrogen atom is hit, for example,
it produces red or bluish light, while "..Charged particle
oxygen atoms produce green or red. The .
colors in the aurora borealis, or northern \ Ox'y.g..ei\atum
lights (and the aurora australis near the Electron - SR U
South Pole), depend on which chemical ;
species in the upper atmosphere is ex-
cited by particles from the solar wind. In
the end, the aurora is a mixture of these
colors, and often appears to the eye as a
greenish white glow.

“Nucleus

1. Acharged partide fromthesun 2. Part of the particle’s energy is 3. The excess energy is released,
collides with one of the oxygen absorbed by the oxygen atom. and light is emitted— in this case
atoms in the Earth’s atmosphere. appearing green.

DID ANCIENT ROMANS

WRITE FRACTIONS?

Roman numerals were not designed forwri-
ting fractions. Often, Romans just wrote out

Since skin is mostly water, the pressure of area and the indentation disappears. ;
St . o the word for the fraction they wanted to ex-
the band causes the fluids to squeeze out to If pressure on skin is maintained over )

’ . : : - g - Y | wress, They did have symbols for some com-
the sides, leaving a dent in the tissue. Also, time, as with patients confined to a bed or F y : '

L - i L . f i < @' i i

blood flow to the area is reduced as the wheelchair, pressure sores, or bedsores, can monly used fractions, however, including
vessels are constricted. When the band is form. The compressed tissue is deprived of the undia ('/+z) and semis ('/2).
removed, the fluids begin to flow backto the  oxygen and nutrients, causing cells to die. 4
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THE ULTIMATE IN OPTICS SHOPPING: “ FREE
www.adorama.com @&

ON THOUSANDS

- 14 Day Money Back GUARANTEE Please check our website for details OF PRODUCTS
; - SEE OUR WEB SITE
PREMIERGE FOT) (PREMIERGE FOT Nk
X (jmm 1Kon. 2
< DEALER \ DEALER | e { Dgo - g
N EXSTAR SKYSCOUT * 12.3-megapixel DX-format CMOS |
imaging sensor
130 SLT A ik e ol +5.8x AF-S DX NIKKOR 18-10smm [l { \
130mm (5.1") diameter for all ages, the SkyScout % gi;iffuf Ehgg“'jngd ::i:sl
Newtonian Reflector personal planetarium puts the as 4.5 frames-per-second
Telescope with Motorized knowledge of an expert astronomer « D-Movie Mode s 3-inch super-density 820,000-dot calor
Atz Moun 4000 o e Cary oo A o s oy
Object Database Earphones, Hand Strap, USB Cable « One-button Live View
o
& MEADE &) MEADE Nikon.
- MYSKY HAND-HELD
ETX-125PE 5 AUDIO/VIDEO SKY MONARCH
1800mm Focal Length GUIDE WITH GPS
g"em'ere ,EC'T'"f" Maks“‘,;]"' The Meade mySKY is an 8 x 42 Monarch,
Ula-l?l'sggélaillrJE?rUB:Ecpe W easy-to-use multi-media device Water Proof & Rubber
Motorized Aazi tlh Motirik that will guide you through the Armored Roof Prism Binocular
MO"EE? Gompl.ll:r\:;ized ourt, night sky better than if you had with 6.3 Degree Angle
i of View, USA
Controller & Tripod your own private astronomer

standing next to you.

~ TRIPODS & HEADS = SPOTTING SCOPES
gt Bushnell

CARBON FIBER TRIPODS Tripods Shown

EXCLUSIVELY AT ADORAMA.COM HopekERe TROPHY 65MM

ALL THE FEATURES OF A HIGH-PRICED Waterproof & Rubber Armored

CARBON FIBER TRIPOD WITHOUT THE HIGH PRIGE Straight View Spoting Scope
with 20-60x Zoom Eyepiece,

Flashpoint tripods feature European styling. They open and close
with ease and have leq locks that really lock solid. Tripod & 2 Cases.
SOLAR POWER

Legs are multi-positionable and with the low center column,
SOLARIS 6 WATT FOLDABLE

F-1 MAGNESIUM ALLOY TRIPOD
BALL HEAD WITH QUICK RELEASE, SOLAR ARRAY
The next generation of Solaris foldable-solar-

Flashpoint Ball Heads feature smooth operational
movement and positive locking. Made of magnesium alloy, they are technology is here. The Solaris 6 are the most
compact models in Brunton line. CIGS technology maxi-

30% lighter than standard materials and that's
mizes performance while optimizing portability.

a real savings for photographers on the go
ADGRAMA Brunion
9 WATT SOLARROLL

MACRO FOCUSING RAIL SET
FLEXIBLE SOLAR MODULE

Where criical focusing is desired s
The SolarRoll quickly rolls up into an included tube

= A must for macro photography. Constructed of all metal parts !
» Moves in 4 directions : forward, backward, right and left for easy packing and storage. Simply stated, this is the
item to bring along if you need ample, relfiable power

* Engraved scale = Fine focusing knob for precision accuracy

| . ”E ed wnhany tripod. without extra weight or bulk. o
- MICROSCOPES i
P REMIER .
[l SELECT) .
(CCARSON | (ceestron ﬁ | | ) MEADE
EPIX DIGITAL
Z00M BIOLOGICAL MICROSCOPE MODEL 9260
. g Meade Model 9260
Pix Digital Zoom (26x-130%) wilh Built-in Digital Camera, 1800x Power, Micr
ﬁ!ia‘osc!i)pe with Integrated Camera LEC Maninaled & LoD Wne/hce M;;ﬁo:foe Kit

Customer Relations: 800-815-0702 = 21 2-?41-0466
Mon-Thur. 9-4:30, Fri. 9-1, EST
FAX # 212-463-7223

STORE: 212-675-6789
HOURS: Mon.-Thurs. 9-6:30pm
® Fri to 1:00  Sun. 9:30-5:30

ADLRAMA.

Source for the Educated Photographer
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Measles is known
to have existed at least
1,100 years ago.

Common childhood diseases like
measles and chicken pox do not leave
any traces, such as characteristic changes
in bones, that we can find by examin

ing skeletons. This means researchers do
not know much about how widespread
these illnesses were in the Middle Ages or
earlier. But they do know that measles and

smallpox existed by around A.D. 900, which

is when ar

i, a Persian phy
description of the ailments. Considered by
some to be the father of pediatrics, a i
distinguished bet

ween the illnesses a

described the symptoms of both.

HOW LARGE ARE THE
BIGGEST BACTERIA?

i

Why do Mentos cause
soda geysers?

a Mentos candy into a
two-liter bottle of pop, a soda fountain
results. Here's why: Soda is basically a
solution of sugar, water, flavoring and
carbon dioxide. (The process by which
the carbon dioxide is added to the lig-
uid is called carbonation.) Some of this
carbon dioxide comes back out of the
solution and forms the soda bubbles
we know and love, and some of it stays
suspended between water molecules.
But you can make more of the carbon
dioxide escape by providing a surface
where the carbon dioxide molecules
can congregate. An object (like a straw
or a mint) added to the soda does the
trick. A few carbon dioxide molecules
bind to the surface of the object and,
through a process called nucleation,
aggregate more carbon dioxide until
visible bubbles form. All those bubbles
have nowhere to go but up—and
out—taking the soda with them.

Bubbles will form around plenty
of objects, including your finger, but
Mentos mints are especially success-
ful. No one knows exactly why, but
scientists have made some guesses. The
most common theory: It's a combina-
tion of Mentos'rough surface (which
provides more nucleation sites than
smoother objects) and the candy’s
density (Mentos sink to the bottom of
the soda bottle, causing a reaction all
the way down).

Mentos’ rough surface
[enlarged here] helps make
this explosion happen.
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How do turtles right themselves when flipped on their backs?

Turtles have developed techniques to
turn over when they end up on their backs
due to a fall or fight. The method they

use to get out of this vulnerable position
depends on the shape of each species'shell.
Terrestrial turtles
have high, domed shells that help protect

cluding tortoises, often

Flat-shelled turtles use their necks
to right themselves.

against predators. These shells come

in handy when turtles end up on their
backs. The dome shape makes the reptiles
unstable in this position, so a simple bob of

the head or legs can trigger a roll back onto

the belly. Thz
even roll over without moving a muscle.

nks to gravity, some turtles will

Most aquatic species have flat backs,
though, and can
help. Instead, they stick their necks out as

t depend on their shells for

far as possible. Then they press the back of
their necks against the ground to roll onto
their sides and tip themselves over into an
upright position.

Are galaxies still
being created?

that they are.
Most major galaxies were created
early in the universe's history, and for
a long time, astronomers thought
large galaxies like our 12-billion-year-
old Milky Way were no longer being
born. But recent discoveries suggest
that the universe is still spawning
large galaxies like our own. Since its
launch in 2003, the Galaxy Evolution
Explorer (GALEX) space telescope, a

joint project of NASA and the Califor-
nia Institute of Technology, has spot-
ted several galaxies that researchers
believe to be as young as 100 million
to one billion years.

The Mimosa pl!d' a, or
imble plant, cloSes its
Neaves when tduched.

We normally associate movement with animals. But not all plants are as passive as

they might appear. Some open and close each day,
Carl Linnaeus, the Swedish botanist, called these

while others fold up when touched.

p movements”in the 1700s, but

today most botanists refer to them as nastic movemnents.

The process is controlled by turgor pressure (the pressure of fluid inside a cell

yinan

area called the pulvinus, the swelling or joint at the base of a leaf or stalk. The pulvinus

has two parts.

When cells in one part swell with fluid, cells in the other part shrink, caus-

ing the plant to close. The process is reversed when the plant needs to open.

Plants control the amount of liquid in the cells by changing their osmotic pres-

sure—for example, by pumping potassium ions into a cell to increase its liquid content.

The increased concentration of potassium ions causes water to diffuse through the

Q’rous cell membrane into the cell, causing the plant to either open or close.
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Introducing the world's simplest cell phone experience — with service as low as $10 a month*™

It doesn’t play games, take pictures,
NEW or give you the weather

ggﬂ!mg The Jitterbug® developed with Samsung®.
Its the cell phone that’s changing all the rules.
For people like me, who want a cell phone that’s easy to use. Over the years,
cell phones have become smaller and smaller with so many complicated features.
They are harder to program and harder to use. But the Jitterbug® cell phone has
simplified everything, so it’s not only easy to use, it’s easy to try. No crowded

malls, no waiting in line, no confusing sales people, or complicated plans.
Affordable and convenient cell phone service is only a toll-free phone call away.

Questions about Jitterbug? Try our pre-recorded

Jitterbug Toll-Free Hotline 1-800-230-9045

The new Jitterbug® cell phone makes calling simple!

e Large, bright, easy to see display and buttons

* Comes pre-programmed and ready to use right out of the box

* No contract required

* An operator is always available to help you, and will call you by name
* Push “Yes” to call directly from your personal phone list

* Soft ear cushion and louder volume for better sound quality

e Separate Volume Up/Down button on cover of phone

* Hearing aid compatible

e Familiar dial tone confirms service (no other cell phone has this)
* Service as low as $10 a month*

* Access help wherever you go Available in a simple
12-button Dial phone
Why pay for minutes you'll never usel and an even simpler
Simple Simple 3-button OneTouch
30 60
Plan’ Plan' phone for easy access
Monthly Price |  $15.00 '$20.00 ] to the operator, the
Included Minutes/Month | 30 60 number of your ~
Operator Assistance | 2457 2417 choice, and 911.
a1 Anesss | FF’lE_E FREE
Long Distance Calls | No add'| charge | No add'l charge avdi kbk in
Nationwide Coverage" | Yes Yes : :
ST 50 cays Graphite and White.

Service as low as $10 a month and a friendly 30-day return policy™*. If you've ever wanted
the security and convenience of a cell phone, but never wanted the fancy features and minutes
you don’t need... Jitterbug® is for you. Like me, you'll soon be telling your friends about
Jitterbug®. Call now.

Jitterbug® Cell Phone ien# 814

Cjittc-rf) l_lg PR by 1}“5: STREET Call now for our I'owest price.

Please mention promatmmz[ code 37059.
for Boamers and Beyond®
f = = X
1998 Ruffin Mill Road ws .
Colonial Heights, VA 23834 www.jitterbugdirect.com
IMPORTANT CONSUMER INFORMATION: Subject to Customer Agreement, select calling plans, and credic approval. Other charges and restrictions may apply. Screen images simulated. Coverage and service
not available everywhere. Copyright © GrearCall, Inc. Jicterbug and GrearCall are trademarks of GreaeCall, Inc. Samsung is a registered rrademark of Samsung Eleceronics America, Inc and its related entities. *Not
induding governmen taxes, assessment surcharges, and set-up fee, **Applics to phone and monchly service charges only, provided call dme usage is less chan 30 minutes and phone is in like-new condition. Usage

chiarges may apply. TAll plans require che purchase of a Jicrerbug phone. In additon, chere is 2 one time set up fee of $35. T1iterbug will work almose everywhere in the U.S. where cellular service is available from

mast of the major carriers,

47303 All rights reserved. © 2007 TechnoBrands®, Inc.
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@@) 100% Satisfaction Guaranteed

Songbird

‘Hearing Inc.

Better Hearing Made Easy

Get the world’s first disposable hearing aid

If you or your loved one has mild to moderate hearing loss, the all-new Songbird® flexfit™ is the ideal solution. Easy and affordable, it ALL
offers a revolutionary alternative to costly traditional hearing aids. Use it only when you need it, just like reading glasses. Adjustable NEW!
for a personal fit, it's perfect for those who want to improve hearing on their own terms—uwithout sacrificing quality or comfort. )

Improve your hearing without
hassle or major expense
e Crystal-Clear Digital Sound Quality

<
e | asts for 400 Hours of Active Use* $)3)
. e . Two ) :
No In-Office Fittings or Maintenance Payments ot J ;

e No Batteries to Replace

* Order from Home—by Phone or Online

<roet and Comortatis

Makes conversations clearer and more enjoyable L

You may not always need help hearing.
For the times you do, trust Songbird.

p
Not available in stores
Try It Now Risk-Free'
call 1 -877-21 2-7329 [:crmh|:|ar:t‘de'|.s1ign‘1
§ e S e o !

*Under typical use patterns, battery lasts for 400 hours of active use (when tumed on). Make sure to tum the device off when not in use to maximize battery life. ' Less shipping and handling.
The Songhird flexfit™ disposable hearing aid is for mild to moderate hearing loss. Not intended for use by anyone under 18 years of age. Hearing loss can be a symptom of a medically treatable
condition. Consult your doctor prior to using any hearing aid. For more information call 1-800-789-1830,

PRO7220835
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Seahorse
lovin’

Fish have widely varied methods of reproduction. Seahorses, perhaps the oddest fis
among the most interesting reproducers of the group.

For many fish, the female lays a large quantity of eggs, which the male fertilizes. Both adults
swim off, leaving the eggs to their fate, and most of the young becorme food for other animals.

Some fish lay fewer eggs, which they tend to guard more carefully. Males usually stand watch.

Seahorses take this one step further, since it's the male that actually carries and nourishes
the fertilized eggs. After an elaborate courtship dance, the female lays her eggs in a pouch on

the front of the male’s body, using a tube-shaped organ called an ovipositor. The male then
fertilizes the eggs with his sperm and maintains them in his pouch, which secretes a fluid
containing nutrients and oxygen. After an incubation period of several weeks, the male "gives

birth”"from the pouch. The babies resemble small adult seahorses.

Do vehicles emit more pounds of
carbon dioxide than fuel consumed?

They sure do. According to the Environmental Protection Agency, one gallon of gaso-
line, which weighs about six pounds, produces about 19 pounds of carbon dioxide
when you're driving. Gasoline consists of hydrocarbons, which are molecules
made up of hydrogen and carbon atoms. When gasoline burns, the carbon
atoms combine with the heavier oxygen atorms—and while the fuel con-
tributes only the carbon atom to create carbon dioxide, the air in the engine
contributes two oxygen atoms to the reaction. As a result, the pounds of
carbon dioxide coming out of the engine are more than double the pounds
of gasoline you put into it.

Water + burnln_g; oil =steam,
whi SE he fire

Why doesn’t

water put out
a grease fire?

cooking oil burns,
it's far hotter than 212°F, the boiling
point of water. So when you add
water to the pan, a huge cloud of hot
steam results. Steam expands to take
up an area 1,700 times as large as
liquid water. This expansion happens
so quickly and powerfully that it
splatters the oil, spreading the fire.

So how do you extinguish a

grease fire? The best way, according
to the U.S. Fire Administration, is to
smother the flames by carefully plac-
ing a lid on the pan or by covering it
with baking soda. If the fire can't be
extinguished, call 911.

ASKUS
ANDWINA
SCIENCE

ILLUSTRATED
T-SHIRT!

Send your burning question to our
editors. If we answer itin an issue,
we'll give you this cool T-shirt.

E-mail your questions to:
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Bats are full of surprises, from where they live to how they
navigate in the dark to what they eat (hint: It's rarely blood).
A look at one of the world’s most fascinating mammals
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s a humid darkness falls over

the rainforest, the air is alive

with the sound of wings.

Across the forest, and around
the world, bats rule the night sky.
With nocturnal lifestyles that keep
them safe from all but the most
determined enemies, bats have flour-
ished. There are more than 1,100 spe-
cies —which make up nearly a fourth
of all mammalian species —dispersed
across every continent except Ant-
arctica. Whether portrayed as moody
superheroes or bloodsucking villains,
bats have a dark reputation. The
more we learn about bats, however,
the more diverse and misunderstood
they turn out to be.

-y =

Take, for instance, the fact that
only three out of the 1,100-plus spe-
cies actually feed on blood. These
vampire bats, which are only found
in Latin America, prey on birds and
large mammals, but almost never
humans. Outside of this practice —in
which they lap up blood after making
an incision in their prey — scientists
say they're actually gentle creatures.
Hungry cave mates can count on a
shared meal from more fortunate
hunters, for instance.

About 70 percent of bats eat
insects. In Texas, it’s estimated that
20 million Mexican free-tailed bats
gobble up more than 200 tons of
insects every night. Bats’ bug prey

includes farm pests like night-flying
beetles and moths, as well as mosqui-
toes —animals that actually do feast
on human blood. Some bats also eat
fish and crustaceans, while others
go for small vertebrates like rodents,
frogs and lizards.

Still other bats eat fruit or nectar.
They spread fruit seeds in their
guano, or droppings, which keeps
forests growing, and they help polli-
nate plants by moving from bloom to
bloom in search of sweet nectar.

Bats can vary widely in size from
species to species. In fact, the smallest
mammal on Earth may be a bat: Thai-
land’s tiny hog-nosed, or bumblebee,
bat, which measures 6 inches from
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Form for Function

Bats' curious appearance—somewhere between bird and rodent—doesn’t exactly endear them to us.
But all those strange body parts play an important role in bats’ success.

L "‘ Apt "...1 3
l! - s
oot ol 2

TEETH: Bats' teeth differ from

spedcies to species depending on

their diet. Insectivores have
sharper teeth than species that
dine on soft fruits or nectar.

Vampire bats prick sleeping prey

with two teeth, then lap up the
blood as it trickles out. Their

saliva contains an anticoagulant

to keep the blood flowing.

EARS: Bats have extraordinary
hearing. Many species, particu-
larly a group called big-eared
bats, have developed enormous
ears, which aid in echolocation,
or sonar.

il 4
EYES: Mostbatsrelyonecholo- ~ WINGS: Bats' wings, which are
cation to find their way in the made up of long fingers joined
dark. It's unknown how much by a thin membrane, are more
they supplement echolocation flexible than those of other fly-
with sight. Old World fruit bats, ing animals. They use this flexibi-
however, do not use sonar—they  lity to generate lift, reduce drag,
navigate visually. Scientists be- and make incredibly sharp
lieve their night vision surpasses  tumns—essential while hunting
that of humans, although its pro-  tiny, agile bugs. Wingbeats also
bably limited to black and white.  help amplify their sonar cries.

CLAWS: Bats that dine on
insects, fish and shrimp caught
on lake surfaces use their

long claws to trawl. Other
species use their claws to hang
from branches.
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TAIL MEMBRANE: Most bats
have a tail membrane, similar
to the one that makes up their
wings, between their legs.
They use it to help catch and
disable prey.

PHOTOGRAPHS BY: CHRISTIAN ZIEGLER.
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wing to wing and weighs just 0.07
ounces. The fruit-eating flying foxes
lie at the other end of the spectrum.
These tropical-island giants can have a
5-foot wingspan and can weigh more
than two pounds.

Home Sweet Home
Panama’s tiny Barro Colorado Island
may be the best place on Earth to study
bat diversity—and the worst place for
anyone who’s squea-
mish about them.
More than 70 species
live on the island’s
6 square miles. (By
contrast, there are
more than 40 species
in the United States
and 37 in Europe.)
Elisabeth Kalko,
a biologist at the
University of Ulm in Germany and a
researcher with the Smithsonian Tropi-
cal Research Institution, has devoted
years of study to the bats on this island,
and has discovered many of the strange
places bats call home.

During one visit eight years ago,
Kalko and her team tracked a group
of bats with transmitters the scientists
had previously attached to the ani-
mals. Kalko discovered the bats roost-
ing in live termite nests. Thanks to the
bugs” metabolic activity, termite nests
are usually 2° to 4°F hotter than the
outside air, and the researchers believe
the bats were taking advantage of the

Flying foxes some-
times roost on tree
branches in colonies
containing hundreds
of thousands of bats.

stable, warm temperature.

There is no obvious
benefit for the termites, however,
which usually swarm and attack when
disturbed. “The termites may have
already sealed themselves off from the
cavity,” says Kalko, “or the bats may use
chemicals that keep the termites off
them.” Kalko is investigating with the
help of chemical ecologists from the
University of Ulm, but one thing is cer-
tain: Outside of this
genus, Lophostoma,
scientists have never
observed another bat
variety roosting in
termite nests.

Bats take shelter
in a wide variety of
places. Around the
world, most species
live inside caves,
cliff crevices, tree holes and abandoned
buildings—where they bask in dark-
ness, isolation from predators, and
stable temperatures and humidity.

But surprisingly, others choose a more
exposed life on the surface of trees,
rocks or buildings, or even tucked un-
der large leaves or inside tube-shaped
ones. Flying foxes sometimes roost on
tree branches in colonies containing
hundreds of thousands of bats.

%

Impressive Navigation

Flying foxes are also distinguished for
their reliance on good eyesight—

a surprising trait in an animal that

Bats are best adapted for hanging upside
down. Special tendons in their toes allow
them to grip branches and rocks without
actively exerting themselves.

At the field station, scientists can follow the
bat’s every movement.

Biologist Elisabeth Kalko uses large nets to
capture bats in the Panamanian rainforest.

Oncea bat is caught, Kalko attaches a tiny
radio transmitter to its back.
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This bat’s high-frequency cry is

Seeing with Sound e e

Powerful, supersonic cries coupled with some of the best hearing among airborne mosquito.
mammals adds up to an advanced navigation system called echolocation.

AL
During echolocation, bats send out farther than broadband calls, which frequency and amplitude, The smaller
short calls as often as 200 times per are spread over a largerrange and can  the insect, the more it flaps its wings,
second at up to 110 decibels—as loud  provide more detail about a target. the more changes in the echoes.
as a smoke alarm, though at frequen- The echoes tell bats the location of Immediately after capturing prey,
cies inaudible to humans. They vary objects like obstacles or prey, as well bats can commence calling despite a
their cries in frequency and structure as details like an insect’s shape and mouthful of bug, so they can navigate
for various purposes. Narrowband size. The insects’ wingbeats help to and continue to hunt while they eat
calls, which are focused withina ~ **  give them away, since flappingwings  what they've just caught. Some bats
small range of frequencies, can travel produce slight changes in the echo can consume 2,000 bugs a night.

N
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SEARCH: During this phase, the bat HUNT: Now that the prey has been CAPTURE: As the bat grabs its meal,

produces about 10 cries per second. located, the bat closes in. Its cries its cries are only about 100 milliseconds
become more frequent—25 to 50 long. The bat may produce as many as
per second. 200 of these short cries per second.
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is saddled with the saying, “blind as a
bat.” Bats are split into two suborders:
Megachiroptera, the 186 generally large
species of Old World fruit bats found
in Africa, Asia and Australia, and the
usually smaller Microchiroptera, which
comprises all the
other bat types found
around the world.
Most Megachiroptera,
including flying
foxes, rely on good
night vision and
smell to get around
and catch prey in the
dark. But what about
the rest?

In 1793 Italian physiologist Lazzaro
Spallanzani first noticed that bats could
fly around obstacles even when unable
to see. It was only when he blocked
their ears that the bats’ sense of naviga-
tion failed them. But the explanation
had to wait until the mid-1900s, when

Spix’s disk-winged bats have
developed suction cups at their
joints that make it possible to
cling to flat, slick leaves in the
tropical forests of Central

and South America.

Bats send out calls
as loud as a smoke
alarm, though
at frequencies
inaudible to humans.

American zoologist Donald Griffin
studied bats” cries with microphones
that were capable of registering their
incredibly high-pitched sounds.

Griffin proved that bats orient
themselves and track prey using
ultrasonic cries in
a system he named
echolocation. When
bats shriek, they
emit high-pitched
vocalizations that
bounce off objects
and back to the bats’
ears or other recep-
tors. Essentially,
bats determine their
proximity to the objects based on how
long it takes for the sound waves to
make the round-trip. Changes in the
echoes’ frequency and amplitude de-
liver additional size and shape informa
tion about these objects to a bat. (See
“Seeing with Sound,” page 38.) Bats also
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Lesser long-nosed bats, foundin \

jﬁe southw!:sterq United States e Bl L use their wingbeats in echolocation,
‘and Mexico, prefer flora, like this U : which saves en and may be w
saguaro fru ,oveﬁinsects. ] B ole to produce such pc

time a bat brings

TCing air out past its vocal
cords without much additional effort.
Annemarie Surlykke, a biologist
at the University
mark, studies how bats use s

bats to the test in an obstacle course
Surlykke found that bats moved their
sound beams in the same way we move
) ing an unfamiliar
room: They shifted their focus sequen-
tially from object to object, instead of
ng their sound beams.
e know from behavioral experi-
ments that bats can detect motionless
insects by echolocation alone, and that
ght or smell
or rustling noises Kalko. Their
echolocation system is so accurate that
while using only sonar, bats unerringly

Brown big-eared
bats’ ears can be
almostaslong as
their bodies.
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Zoology

find their insect prey in the dark—they .
don’t strike a::'andon‘. structures ;1!0]: 5 COOI Th I n gs
the leaves. s
You Don’t Know About Bats

Compared with other small mammals, bats have exceptionally long
life spans. The oldest bat ever observed in the wild was 34 years old.

Influential Animal

Aside from whales, bats are the o
mammals to use echolocation. The
also the mammals that fl

entists e pondered which of these
two unique abilities bats d Vampire bats aren’t actually Count Dracula in disguise, but that

i hasn't stopped scientists from acknowledging the pop-culture con-
3 nection: The anticoagulant in one species’ saliva, which keeps blood
question. The t_anL bat, Onych flowing so bats can keep drinking, is known as draculin.
finneyi, had wings but iacl\l_d the skull
Some bats practice heterothermy, in which they bring their body
temperatures down to that of their surroundings while at rest.
Some also hibernate in the winter, and can even tolerate body tem-

peratures below freezing.

different from those of most modern

bats, with a shape that indicates

0. finneyi alternated between flapping its
i d gliding. Researchers say the Bats prefer to fly, but they can swim if they have to. Bat-watchers

wery is in line with theori have observed flying foxes taking short dips to collect dropped

bats may have evolved from terrestri: food and using their wings to swim back to land.

mammals to gliders to the active flyers

we know today. Echolocation probably @ Among mammals, bats have some of the largest colonies—

© © 06

came later, possibly as bats adapted _ populations can number in the millions. Relatives find each other
from day to night. ' by smell and calls.
This development has since shaped

the evolution of some of the species bats = W TR NG pa BT -
eat. Moths can pick up supersonic bat . w2 . #
cries; the trait likely developed as a de- T
fense mechanism when bats began to in-
filtrate the insects’ nocturnal domain. A
hc\t s cries must be transmitted and then

fore it can delthlv \miu:_ a

Fullard posit

have been another evasive measure: But-

terflies escaped bats by being active dur-
and taki elter at night.

some ﬂuwumg pian
ideal blldpt_ for th.\ to find with sonar—
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The first commercial flying-saucer line, the M200 series
from Moller International, could go on sale next year.
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Forget UFOs. The first circular aircraft could soon hit the
market right here on Earth. They won't take you to space,
but they might just be worth the long—very long—wait
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t's designed to seat two, take off and

land vertically, fly 10 feet above the e

gound.andreach s miesan o, [F1Y NG Saucers through the Ages

It's about the size of a car, but it's
round instead of boxy. Yup, it’s a fly-

ing saucer. Next year, California-based
Moller International hopes to introduce

Inventors have long been intrigued with the shape and potential of round aircraft.
Most of the ideas, however, barely got off the ground.

the M200G personal recreation craft, g rETF. " O o
: Q,:};?, oyt ol .
the first of what the company expects 1714 emanueL SWEDEN BORG, e gl oy 1
to be a full line of “volanters”—vertical- a Swedish mystic and scientist, produced the s AT F - 5 1§
takeoff-and-landing aircraft. The design first known sketch for a rounded aircraft € % = = T
is 300 years in the making. ‘[right], an oval plane made of wood. Engines ¥ < = 52 -~
When the Wright brothers made hadn't been invented yet, so he devised arm- LY X /, & B 5 o 4
the first powered flight in 1903, they in- powered, cloth-covered flapping wings. A L X \} N Y IR
augurated basic principles that survive description of Swedenborg's Flying Machine, ¥ :_f' ® 3 O P o o
to this day, including thin wings for lift as it's known, appeared in a periodical in 1716, = & - W - sk Y =~ 4
. v,a,‘.. ¥ Y Vg 3 r
and a vertically mounted propeller to but it never progressed beyond a sketch.
provide forward thrust. But two centu- >

ries earlier, Swedish inventor Emanuel
Swedenborg had already dreamed up a
flying-saucer-shaped aircraft. Countless
designers around the world have since
envisioned round planes.

Because of their shape, circular
aircraft can theoretically move any-
where—up, down, and side to side—
without needing to point in that direc-
tion. This provides the potential for
highly attractive vertical-takeoff-and-
landing (VTOL) or short-takeoff-and-
landing (STOL) capabilities, the latter of
which permits the use of a far shorter
runway than is needed by conventional
craft of the same size. Armed forces
worldwide are especially interested
in VTOL and STOL airplanes because
they can lift off from cramped aircraft-
carrier decks or almost any flat surface
in remote locations where runways
are not available. Round aircraft are

also advantageous in principle because 1929 AMERICAN DESIGNER Steven Paul Nemeth wind- Q'E
they could fly faster than the other tunnel-tested a model of his round propeller plane [above], the Eg
notable VTOL aircraft, helicopters, and Roundwing, a.k.a the Umbrellaplane. Five years later, he built a E“
their thin shapes are potentially far full-scale aircraft, measuring 16 feet wide and 20 feet long. That E;,f_g
less detectable by radar, making them year, the Roundwing made a successful flight. 33
ideal for covert reconnaissance mis- Nemeth soon swapped the craft’s 90-horsepower engine for G
sions. Not to mention, the concept is a 120-horsepower model, and the plane showed outstanding =
just plain cool. short-takeoff-and-landing capabilities. It could lift off in just 65
With all these advantages, circu- feetand land in 25 feet at a speed of 30 mph, and it was '

lar aircraft should be commonplace extremely stable in flight. Nemeth hoped to mass-produce the

by now. So where are all the flying planes and sell them for $1,400 apiece. The Great Depression,
saucers? Despite the benefits, the however, grounded his plans.

technology has long been hampered by
major drawbacks. The biggest chal-
lenge is that round airplanes are highly .
unstable [Continued on page 47|
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Aviation

1902 Gus STAMPS may have beaten the
Wright brothers by a year. According to
eyewitness accounts, Stamps flew the Ezekiel
Airship [right], a semi-elliptical, engine-
powered plane designed by Burrell Cannon,
a Baptist minister, engineer and inventor.
The plane purportedly flew about 160
feet at an altitude of 12 feet before

crash landing near Pittsburg, Texas.

—-— .
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191 3 BRITISH DESIGNERS Cedric Lee and George Richard
hired engineer James Radley and assistant Eric England to create this
wreath-shaped, propeller-driven plane [left]. England flew it five miles
over Shoreham, England, before the engine died during landing. He
survived the crash, but the plane itself wasn't as lucky. The team
salvaged the wreckage to create a new, modified version with three-
wheeled landing gear and additional elevators, the wing flaps that
move the plane up and down. The newly designed plane, which took
flightin 1914, had major problems with control, and the pilot, Gordon
Bell, was not able to stabilize it before a second crash landing. Lee flew
a third version himself, but he lost control of the plane and ended up in
the River Adur. This time the plane could not be salvaged, and the men
gave up their attempts to develop a commercial aircraft.

: = A

1942 AeRONAUTICAL ENGINEER Charles H. Zimmerman
developed this prototype Navy fighter plane [left], dubbed the V-173
and nicknamed the Flying Pancake. The Navy wanted to move more of
its aircraft to the water after the attack at Pearl Harbor destroyed more
than 180 of its planes, and it hoped that the V-173's STOL capabilities
would permit the round, twin-engine plane to operate from both small
aircraft carriers and modified freighters.

The Pancake’s first test flight took place in November 1942, Because

8 of a lightweight design and a steeply raised undercarriage angle, the

E g plane was able to achieve takeoff in less than 200 feet. After a 13-minute
e flight, the plane landed in an astonishingly short distance—fewer than
‘é g 50 feet, or just twice its length. With a cruising speed of just 75 mph and
§ 8 amaximum speed of 138 mph, however, the craft was less than ideal as
=

afighter plane. It was stable in the air when it flew nose-up at an almost
45-degree angle, but it pointed nose-down during landing, making it
hard to control. The two piston engines were also deafeningly noisy.

) } The Navy carried out 170 more test flights before the Pancake was
finally scrapped in 1947.The plane was restored in 2003, including an
/ overhaul of both engines and the replacement of its original skin. It's
3 / now in storage at the Smithsonian Institution in Washington, D.C. |
N i
— — R —————— —
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) ,
1944 ARTHUR SACK, a German
model-plane enthusiast, completed the
propeller-driven AS-6 V-1 [above] in 1944,
The elliptical craft was cobbled together
with discarded parts of planes by
Messerschmitt, a German aircraft
manufacturer. Nazi test flights conducted
by pilot Rolf Baltabol at Brandis Airfield
near Leipzig demonstrated critical
problems, including a dysfunctional
rudder and ill-fitting parts. After more
modifications, engineers also realized
that the engine wasn't powerful enough,
but there weren't resources to procure
another. Various adjustments did little to
help, and Baltabol recommended that
engineers perform more wind-tunnel
tests and replace the engine, but this
never happened.

That summer, another attempt with a
different pilot at the controls ended with
the landing gear badly damaged. The
AS-6 V-1 was returned to storage at
Brandis Airfield, and Allied bombing soon
damaged it so severely that the
remains ended up as scrap.
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1954 enGINEERS ONCE dreamed
of a flying saucer that could travel faster
than the speed of sound. In 1954 British-
Canadian aircraft designer John Frost
began work on a top-secret craft for the U.S.
Air Force code-named Project Ladybird. His
plans called for a round vertical-takeoff-
and-landing plane with a top speed of
Mach 3.5—three and a half times the
speed of sound—that could fly at an
altitude of more than 80,000 feet.

The Air Force planned to produce the
round aircraft in several sizes, the largest
measuring 100 feet in diameter. Frost even
suggested that the edges of the saucer be
armored, so that it could be used as
a missile to attack Soviet bombers.
In 1955 the U.S. Air Force changed
the project’s name to Silver Bug.
Wind-tunnel testing soon revealed

that Frost's ambitious craft was highly
unstable at supersonic speeds. There were
also doubts about the plane’s ability to
withstand the high temperatures that it
would be exposed to at those speeds.
Frost later designed an equally
unstable aircraft known as the concept VZ-
9AV Avrocar [below]. A Frishee-shaped, jet-
powered vehicle, the Avrocar was a
prototype for a larger circular aircraft
intended for troop transport and
reconnaissance. Two such craft were built,

and neither proved suitable for military use.

The noisy saucers pitched and rolled
uncontrollably after lifting off to a height of
justa few feet, and the planes could reach a
top speed of only 35 mph, far below the
supersonic speeds the Air Force
had hoped for. The military never
produced the planes.
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don’t employ the conventional aerody-
namic systems—specifically, lift-gen-
erating wings and both \

vertical and horizontal
stabilizers—that usually

keep aircraft airborne. “If a plane

1s moving through the air at a high
enough speed, aerodynamic forces can

be used to stabilize it,” says Paul Moller,

the president of Moller International.
But VTOL craft, which must become
airborne with zero forward momen-
tum, need another way to generate lift
and achieve stability.

To overcome this obstacle, Moller’s
M200G uses its propulsion system to
stabilize itself. The craft moves using
eight small ducted fans, each powered
by its own Wankel-style rotary engine,
that lift the M200G into the air and
push it forward, backward and side-
ways. Varying the thrust from the fans
also provides stability—for example,

a little extra thrust from the right-side
engines prevents that side of the craft
from dipping. Using multiple inertial
sensors and accelerometers, an aircraft-
stability computer constantly monitors
the altitude of the craft and sends com-
mands to the engines to adjust thrust
in each fan up to 400 times per second,
maintaining stability. The aircraft is
constructed of ultralight materials such
as aluminum and fiberglass, which
increase the vehicle’s strength and
maximize the engines’ power.

With a starting price of

$90,000, the M200G will ini-
tially be a toy for the rich. It
will be limited to flying below
10 feet, eliminating the need
for Federal Aviation Admin-
istration certification of each
pilot. Eventually, the company
hopes to offer low-cost aircraft.
"Artificial stability systems will
get better and cost less in the
future,” Moller says, “allowing us
all to be able to afford strange and
wonderful new flying machines that
defy conventional aerodynamics.”
Flying saucers, it turns
ouf, may be just the
beginning. ®
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[Continued from page 44] because they

1990s russia's SARATOV Aviation
designed an elliptical craft [above] with
wings called the EKIP (which stands for
Ecology and Progress) for civilian air travel
and military use. Saratov tested a proof-of-
concept, remote-control, model-size craft
in 1994 and an unmanned prototype
weighing 26,455 pounds in 1996, with the
hope that a larger version would have a
range of 3,278 miles and carry up to 396
tons of cargo. As a bonus, it would be able
to take off and land on either a runway or
water. The plane, dubbed the “Russian

UFO" by the American media, was unstable
during wind-tunnel testing. Several
remedies were proposed, including new
tail-fin arrangements, and the designs
looked promising.

By the end of the decade, though, the
Russians dropped their support for the
project due to financial concerns, and Saratov
turned to the American military. NAVAIR,

a division of the U.S. Navy, took interest in

the project. But in 2005, it also abandoned
the technology for unknown reasons, and
for now, the EKIP idea is grounded.

2002 siKoRSKY AIRCRAFT Corporation in
Connecticut developed an unmanned aerial vehicle in
\ the 1980s capable of taking off and landing vertically.
The doughnut-shaped, rotor-powered Sikorsky

R Cypher [left] was designed for surveillance
75 : and reconnaissance flights. It could fly
I R \ autonomously using its onboard

computer or be controlled remotely
by a pilot on the ground.
Until the end of the 1990s, the
U.S. Marine Corps continued to
develop the technology for the
Cypher, including GPS navigation,
visible- and infrared-light video
cameras and a laser range finder. A
derivative model, the Cypher II, later

Moller 3 personal renamed Dragon Warrior by the Marine Corps,
radr eaﬂona‘;r.r aft featured several upgrades and included wings, but the
seatstwo ahc may project was short-lived—the Defense Advanced
reach 75 mph.

Research Projects Agency, a technology-focused
government group, withdrew funding in 2002.
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Arock the size of Mars ; I U 20K ! eLs The collision results in an enor-
smashes into the young oo mous explosion that blasts chunks
Earth. The resulting debris . out of Earth's mantle.

eventually forms the moon.
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- LUCKY
~ STRIKE

P. v e : ‘A new study reveals that the planetary collision that
AL &3 created the moon is surprisingly uncommon. And
2 ithout i‘-Earth as we know it wouldn’t exist

Some of the material goes into The debris spreads into nearby Gravitational forces from the In a process that takes as little
orbit around Earth, along with space, while the colliding body’s loose pieces gradually pull them as one century, the pieces unite to
fragments from the colliding body.  core melds with the planet. together into one body. form the moon.
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Capture Theory

Rocks and dust left over from the recent formation of celestial bodies orbit stars, usually
in asteroid belts. Some of these rocks, which may have originated in other parts of the
solar system, are captured by young planets to become their moons. These moons are
small enough to be controlled by a planet’s gravitational pull.

In our own solar system, Mars probably captured its two moons, Phobos and
Deimos, from the asteroid belt between it and Jupiter. The two more closely resemble
asteroids than the moons found in orbit around other planets.

1 . Space rocks—often in asteroid belts—orbit stars. When a rock in orbit around a star
comes close to a planet, it is slowed by the planet’s gravity.

‘\.‘__,

=~ S

///

3. After a long period of time, the new
moon enters the same orbit as the host
planet’s other moons. Less frequently, the
new satellite immediately enters the same
orbit upon capture.

2. If the rock has just the right velocity, it
moves out of its orbit around the star and
goes into orbit around the planet. To be
captured, the rock must be small enough to
be controlled by the planet’s gravity.
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ince its birth approximately 4.5
billion years ago, the moon has
d a vital role in our planet’s
. Its gravitational pull
helped shape Earth’s early landscape.
Its tidal fo
life to move from water to land. And it

created opportunities for

stabilized the planet’s tilt, giving us the

indicates that moons like ours are
extremely rare,

The Moon’s Origin

Our moon is large in proportion to
Earth—much I than the other
moons in our solar system, comp:s
with the planets they orbit. The diam-
eter of Earth’s moon is one quarter
the width of Earth. By comparison, it

7
7

would take 27 of our solar sy
largest moon, Ganymede, laid end to
, to match the width of its mother
planet, Jupiter.
Scientists have come up with three
theories of how planets in our solar
em acquired their moons. Earth,

Mars, Jupiter, Saturn, Uranus and Nep-
tune have at least 150 moons among

them (Mercury and Venus are moon-
less, as far as we know). About two
thirds of these moons formed when a
planet captured ro and dust in its
orbit. The other third were most likely
created at the same time as the planets,
and from the same ¢

methods. It's too nn

captured by our plar

pull. And it contains th S
of o n isotopes as Earth, which
indi hat the moon v ormed
nearby. Also, data from a mission to
the moon in the 1990s proved that an
ocean of magma once covered it; the
heat required to maintain the molten
rock could not come from a capture
scenario. As for a simultaneous-

s metallic makeup differs too
much from Earth’s to have come from
ame time:
The moon’s iron core is significantly
smaller in proportion to the planet’s.

ume materials 3
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What’s Inside
the Moon?

Just like Earth, scientists believe that
the moon has a solid metal core, sur-
rounded by a mantle of liquid metal.
The evidence includes calculations
recorded by seismographs left on the
moon during the Apollo missions. The
devices recorded the reaction of the
moon after meteorite impacts and de-
tected movements that would indicate
a metallic core. The moon's

rotational state also depends on a
body with a metallic core.

The solid core is believed to be
mostly iron, with some nickel. OQutside
the core is the mantle and then, finally,
the moon's crust. Unlike Earth, there is
no geological activity on the surface.
Yet the moon's irregular rotation creates
stresses that result in violent moon-
guakes deep in the mantle.

Instead, most scientists beli
our moon is the result of a collision
between the young Earth and a giant
rock about the size of Mars hurtling
through space. When the sun and
Earth were roughly 30 million years
old, the impact of that rock knocked
some of Earth’s mantle loose and sent
that middle layer of material flying
into space. There, it e \
bined with material splashed off from
the killer rock and coalesced into the
moon. Scientists say this theory—the
glant-impact hypothesis—¢

o much: Both the colliding ob-
ject and Earth had iron cores. But parts
of only their iron-depleted mantles
were flying out into space. Their rich

iron cores and other remaining mate-
1 to form Earth—the bigger
" Earth we know today.

Searching for Dust

In 2003, astronomers Nadya Gorlova
of the University of Florida and George
Rieke of the University of Arizona set

Solid metal core
Diameter; 250 miles

Metallic liquid
surrounding core
Depth: 190 miles

Moonquake zone
in mantle
Depth: 190 miles

Mantle
Depth: 435 miles

Crust -

Depth: 30 miles

out to determine just how common evidence of ot
sion-formed moons are.
'ho had built one of the cam-
s on NASA’s Spitzer Space Telescope,
used the satellite to search the skies for

po
Astronpmer Nadya Gorova
ofthe University of Florida
and her team used NASA's
Spitzer Telescopeto determine
that moons like ours are

/gxtremely rare.

T smash-ups.
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9 Cool Facts
about Our Moon

There isn't actually a dark side of

the moon. The sun illuminates
both sides, but the same side always
faces Earth.

Lycanthropy is a mental disorder

in which a person believes he can
mutate into a dangerous beast—
awerewolf, for example. Our culture has
come to associate this condition with
full moons.

Between 1969 and 1972, the

manned Apollo missions brought
back almost 842 pounds of rock samp-
les from the moon.

Although it's often said that the

moon orbits Earth, the two techni-
cally circle each other. Both objects orbit
around the center of mass of the com-
bined Earth-moon system—a point
1,802 miles away from Earth’s center.

During the Apollo 74 mission in

1971, astronaut Alan Shepard hit
several golf balls on the moon, but his
space suit was so stiff that he had to
swing with one hand.

The moon's largest basins, which
were created by meteor impacts,
are hundreds of miles across.

Lunar rocks are made of approxim-

ately 40 percent oxygen. Scientists
have successfully extracted it from the
rocks in laboratories, and some hope
that the element could one day help
sustain human colonies on the moon.

In order to see the American flag

on the moon, the eight-foot-wide
mirror on the Hubble Space Telescope
would need to be about 650 feetin
diameter.

The “man in the moon”is made up

of dark plains, or maria, and lighter
highlands. The pattern is perceived as
atoad by the Chinese, while other cul-
tures see a rabbit.

The fluctuations of the tides
create intertidal zones, where life may
have moved from water to land.

moon systems like ours. Instead, they
used the infrared telescope to search
for dust clouds, which scientists believe
result from collisions. They narrowed
their search to stars that are roughly
the same age as our sun when the
moon was most likely formed.

The results: one dust cloud among
400 stars. Based on this finding, the
astronomers calculated that collisions
form just 5 to 10 percent of moons in
the universe. And that’s probably a
high estimate, since there’s no guaran-
tee that dust spotted by Spitzer will nec-
essarily result in a moon. In that case,
our natural satellite—and its effects on
our planet—are even rarer.

Lunar Landscaper
The moon’s influence on Earth is
clearly visible in ocean tides, which are
caused by the satellite’s strong gravita-
tional force (the sun also has an effect
on tides, but to a much lesser extent).
This force is a result of both the moon’s
size and its proximity to the planet. But
at one time, those tides were probably
much stronger. Over the past few hun-
dred years, astronomers have observed
the moon slowly receding from Earth,
which means that the two bodies were
probably much closer together at some
point in the past.

According to Linda Elkins-Tanton, a
professor at the Massachusetts Insti-

tute of Technology, the young moon
was close enough to significantly alter
Earth’s surface. Today, tidal effects
create bulges in the ocean in the direc-
tion of the moon. But soon after the
impact, when Earth’s surface was still
liquid, the nearby moon’s gravitational
pull would have had a much more
severe effect, pulling the magma on
the surface far higher than today’s
ocean tides. And even though that
early melted landscape has long since
disappeared, the moon still causes a
bulge in the Earth’s crust. Although it’s

just a fraction of the earlier effect, the

moon distorts the planet’s shape by a
few centimeters every time it passes
overhead.

A team of researchers led by Elkins-
Tanton at MIT and the Jet Propulsion
Laboratory in Pasadena, California, is
investigating the possibility that very
early tides also produced extra heat in
the Earth’s interior. They suspect that
friction created by the gravitational
pull of the moon on the planet’s inte-
rior heated the core, which may have
sped up the onset of plate tectonics—
movement that helped shape the way
our planet looks today. According to
Elkins-Tanton, once a planet begins to
cool and create a solid plate, it becomes
much harder for tectonics to take
place. “This may need to start early, or
it won't start at all,” she explains.

SPL/FOCI
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The Great Diversifier
Terrestrial life may als
to tidal forces. The ebb and flow of
eans creates intertidal zones
environments that are s
1 tide but exposed to air
. Over millions of years, this
constant shifting between two
TANISTNS
land.
the moon helps give

aies ncouraged o
to tran n from water to

Additionally,
us stable ¢ ns, a boon for animal
and plant diversity. Most planetary

believe that the Earth’s

is the result of the collision that ¢

", creating seasons.
the other planets in our

keeps the Earth on
al rotation, rather
xXtreme changes in
inclination such as those obser
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ult of
the planet’s lack of a stabilizing moon
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moderate inclination of the Earth’s
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of stable ecological niches for
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that it’s the only collision-
when

unlik

influential
g d at what w
on its planet. s

Co-Creation
Theory

Some moons, including Jupiter’s

large satellites, form simultane- >

ously from the same materials as
the planets they orbit. These are
the largest types of moons, but

they're still small in proportion

i S
_— \

to their host planet. They're
strictly associated with the huge
gas-and-ice-giant planets.

1 . Dust and rocky fragments in
space begin to coalesce into
clumps. The largest clump
becomes dominant.

forming a planet.

2. The dominant clump has a
strong gravitational pull and there-
fore accretes faster, eventually

3. Satellites are created when
other clusters that are too large to
be absorbed go into orbit around
the planet. $

Fission Theory

A moon is created from materi-
al that flies off a protoplanet,
one that is in its formative sta-
ges. Since the planet's outer-
most layer is still molten, it is
easy for it to come loose.

\
v s .-,‘g!///

{

Scientists now say that none of
our solar system’s moon's were
created this way, although the
theory has not been ruled out
for distant moons.

1. Shortly after its formation, a
planet rotates very fast and some
of its outer layer flies off.

gradually hardens.

2. This still-fluid material goes
into orbit around the planet and

3. The material coalesces into a
moon with the same composition
as the planet’s surface.
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PETAL PERFECT

Instead of webs, the goldenrod crab spider, Misumena vatia, uses cam-
ouflage to ambush its prey, slowly changing color to match the flower

on which it’s perched. It does this by moving yellow pigment closer to or
farther from its outermost layer of cells. The species is most often found
among yellow and white blooms, but it can morph into a green or blu-

ish hue when necessary, or even take on reddish spots or stripes. Thus
disguised, the arachnid waits frozen, its front legs poised to snap closed

in a deadly embrace on hapless insects that come into range. The spider’s
venomous bite can take down bugs as large as butterflies and bumblebees.
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OFF THE HOOK

Here, aspeckled sanddab nestles into the ocean floor, its skin mottled to
mimic the pebbly background. A member of the flounder family,
Citharichthys stigmaeus can change its topside appearance with cells
called chromatophores. Pigment granules in these cells migrate closer
to the cell surface to create patterns on its brown skin. This camouflage
hides the fish from predators off the Pacific coast where it's found and
enables it to surprise its prey—smaller bony fishes, shrimp and worms.
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Its unique black-and-white coloring helps the many-spotted tiger moth both
stand out and blend in. Native to the western U.S., this moth may feed on
mildly toxic plants like milkweed, taking the plant poisons into its own body
as a natural defense against predators. Most often, the species’ white body
advertises”l taste bad” to birds who spot it flying in the air, says biologist
Rebecca Simmons of the University of North Dakota. But when it comes to
rest against a dappled background, like the one pictured here, Hypercompe
permaculata’s coloring also breaks up the outline of its body, allowing it to
blend in and hide from birds that might not heed its white warning.
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Huddled together against a rocky Canadian cliff face, a typical nesting site, these two gyrfalcon
chicks blend into the marbled stone. Adult Falco rusticolus patrol the air in arctic regions, feeding
on their tundra neighbors, the well-hidden ptarmigan [facing page] and other smaller birds.
Gyrfalcons are clad in inconspicuous gray, white and brown feathers, with a light underside.
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The round object in the center-right of this photo is no rock—it’s a rock ptarmigan hiding mo-
tionless among the stones and moss of the‘Alaskan tundra. (Look for its beak to spot its head.) In
the winter snow, Lagopus muta exchanges its brown feathers for white, maintaining year-round
protection from its main predator, the gyrfalcon. In the spring, males retain their white feathers
after the snow disappears, advertising themselvesto potential mates. Once they've mated, and

before the brown feathers grow back, males roll around in the dirt, creating a makeshift camou-
flage, which is eventually replaced by a summer disguise like the one on the female shown here.

(PR =~ : e e o

.

NOVEMBER/DECEMBER 2008 SCIENCEILLUSTRATED.COM | 61



http://www.go2pdf.com

ACROSSTO BEAR

Known for its distinctive high-pitched call, the spring peeper frog's color-
ing ranges from grayish to reddish brown, a fitting adaptation to the
leaves and dead grass of its wooded habitat in the eastern and midwest-
ern United States. Darker markings, including the cross on its back, help
break up Pseudacris crucifer’s silhouette against its surroundings. To add
to the illusion, the tiny frog can also adjust its hue slightly within the
gray-brown range to better match its environment.
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Dangerous fumes from an African
lake could be the fuel of tomorrow

A stream of magma from a nearby volcano flowed
into Lake Kivu in 2002. Lava like this could cause the
lake to release a huge cloud of toxic gas.
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Anl i y ' I 7
' n Israeli company,Ludan Enf:_:gy Otrerseas
is one of the contractors working to set
__ up afacility that can exploit the lake’s gas

"='to produce electricity.

o live on the banks of Africa’s
Lake Kivu is to risk your life
every day. Large amounts of
methane, carbon dioxide and
hydrogen sulfide gas are dissolved in
various layers of the lake’s deep waters.
Scientists warn that a disturbance such
as a volcanic eruption or earthquake
could cause a redistribution of the
lake’s waters and the gases in them.
This shuffling, known as an overturn,
could unleash an invisible, suffocat-
ing cloud of these compounds—a rare
event known as a limnic eruption—
Kkilling as many as two million people
nearby. Now, rather than simply wait
for disaster, scientists hope to put some
of that gas to use, as cheap energy.
Lake Kivu, located on the border
between Rwanda and the Democratic
Republic of the Congo, is one of Affri-
ca’s largest lakes. It covers 1,040 square
miles and is nearly 1,600 feet deep. The
region is particularly volcanically ac-
tive, and magma and groundwater feed
gases and minerals into the lake.
Carbon dioxide dissolves best
in high-pressure, low-temperature
water like that at the bottom of the
lake—and the CO, makes the water
more dense, so it stays at the deepest
levels. Dissolved methane, hydrogen
sulfide and minerals also increase
the water’s density. Organic materi-
als, such as dead plants and fish,

decompose on the lakebed, produc-
ing additional methane. As a result,
the bottom of the lake contains layers
of pressurized solutions of water and
gas—a lot like a bottle of soda—while
the less-dense layers of water on top act
like a cap.

Over time, the deepest waters of
the lake have accumulated about 60
cubic miles of CO, and about 14 cubic
miles of methane. With these gases
mostly trapped at the bottom, the
lake’s dark depths are a time bomb.

Do Not Disturb

A disturbance of the lake could have
the same explosive effect that occurs
when you open the top of a soda
bottle or pop a champagne cork—a
bubbling over of liquid and gas.

In the lake, the cause of the
sudden release might be an
earthquake or the im-
mersion of hot lava that
disturbs the layers of
water in the lake. Large
amounts of gas would
bubble up and, just like
it happens in the bottles, the
contents of the lake would surge up
and spill over.

The lake lies in the Great Rift Val-
ley, where Africa is splitting apart as
two tectonic plates move away from
each other, making it an earthquake

Alternative Energy

hot zone. Early this year, there were
two serious quakes, which killed a
total of 40 people.

There have also been volcanic
incidents at Lake Kivu in the past. On
January 17, 2002, a stream of lava from
Mt. Nyiragongo, a volcano approxi-
mately 11 miles from the lake, burned
its way through the lakeside city of
Goma, forcing between 300,000 and
400,000 people to flee and destroying
several nearby areas. When the lava
hit the water, it created a huge cloud of
steam, and some scientists worried that
a deadly overturn would result. Luckily,
the lava sank only about 300 feet into
the lake—not deep enough to release a
toxic cloud of CO; and methane.

Had the molten rock sank to a
depth of 1,000 feet, it might have
unleashed a catastrophe like the one
that hit Lake Nyos in Cameroon in
1986. In the course of just a few hours,
Lake Nyos released enough CO, to kill
1,700 people as far as 15 miles from
the lake, suffocating them in a cloud of
dense carbon dioxide. The event may
have been triggered by a landslide, but
the exact cause is unknown. And Lake
Nyos wasn't the first such disaster. In
1984, an overturn at Lake Monoun,
also in Cameroon, killed 37 people.

Samples taken from the sediments
on the bottom of Lake Kivu and from
deposits on its rocks reveal that over-

Lake Kivu lies between the
Democratic Republic of the
Congo and Rwanda.
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turns like these have, in fact, occurred
there within the past 5,000 years—and
some scientists believe that another
could strike within the next century
unless something is done.

Putting Gas in the Machine

In Cameroon, the solution has been
to install pumps that gradually pull
gas from the bottom of Lake Nyos
and Lake Monoun and release it at
the water's surface. Researchers now
realize that a similar method could
bring the methane gas in Lake Kivu up
into a power plant onshore. The lake
contains enough gas to deliver inex-
pensive, clean electricity to the region

Pipes Bring Gases
up from the Deep

for many years. A preliminary project
is now in operation, and the govern-
ments of the two countries that share
the lake are hoping to produce large
amounts of power as soon as 2020.
Rwandan officials estimate that Lake
Kivu could supply electricity to almost
the whole of the country for more
than 40 years, with some left over for
the Congo.

Both countries have drafted an
agreement to put Lake Kivu’s methane
to good use, and a number of investors,
including the World Bank and contrac-
tors such as COWI, a Danish consulting
group, are working to get the project
under way.

Methane

Prototypes of a floating installation remove carbon dioxide,
hydrogen sulfide and methane gas from the water and send the
methane to a power plant on land. Here's how:

E The methane is sent
by pipeline to land, where
a power plant burns it to
generate electricity.

n The pipe extends from the floating

platform to the lowest layers of the lake. Large
amounts of CO, and methane are dissolved
in these layers.
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From a technical perspective, the
process should be simple. A local
brewery used methane from the lake
bottom for many years to produce
its energy, proving that the gas can
be brought up from the lakebed and
used to power businesses and homes
in the area. In the 18 years before it
closed, in 2004, the brewery relied
almost exclusively on power produced
by the lake’s gas.

In principle, all that’s required is
sinking a pipe deep enough to reach
the floor of the lake and pumping
up the lowest layer of water. As the
water rises, its pressure falls, and it
releases bubbles of methane, CO, and

il Unsaturated
water redissolves the
€O, and hydrogen
sulfide, which is piped
back into the lake at

a depth of about 200
feet. Here the CO, gra-
dually dissipates into
‘the atmosphere, while
the hydrogen sulfide
oxidizes into sulfate,

g As the water
is drawn up toward
the surface, pressure
falls, and the water
cannot hold the CO,,
hydrogen sulfide and
methane. Once these
gases bubble out,
they are collected and
isolated.

CLAUS LUNAU
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other gases. The bubbles
increase the buoyancy
of the water and force
it upward and out
of the pipe, creating
a partial vacuum that
pulls more bottom water
up; eventually, the pump is no
longer necessary. The methane can
then be separated from the CO, and
hydrogen sulfide and sent to a power
plant, where it will be burned to pro-
vide energy for turbines.
Complicating matters, however,
is the fact that the lake’s CO, is not
useful, and releasing the greenhouse
gas in the process would contribute
to global warming. It’s the price that
must be paid, say those involved,
for avoiding a deadly disaster. “If we
don’t do anything, there will be an
eruption,” says Finn Hirslund, a se-
nior engineer at COWI. “The question
is how to avoid that the right way.”
For now, the plan is to pump the CO,
back into the upper levels of the lake
water, from which it will slowly dis-
sipate into the air.

A Bottomless Tank

Scientists and engineers estimate that
there are almost 10 cubic miles of
methane available for extraction in
Lake Kivu, and in time they expect that
installations will be built to pump gases
up from several locations in the deepest
parts of the lake.

The Rwandan and Congolese gov-
ernments hope that by 2020 methane
from the lake will provide 400 mega-
watts of electricity to be divided equally
between the two countries. Accord-
ing to one company involved in the
project, the resulting power will cost a
fourth of the current price of electricity
in Rwanda.

In the meantime, as organic mate-
rial sinks to the bottom of Lake Kivu
and decomposes, more methane will
continue to be produced—about 3.2
billion cubic feet a year. But rather
than threatening the lives of those who
make their homes on its shores, the
lake could, in fact, be a source of liveli-
hood in the region.

AFRICA

3 . = .: -
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In 1986, gas released from Lake
Nyos in Cameroon killed more than
1,700 people and thousands

of animals.

Africa’s Other Killer Lakes

Researchers know of three lakes in the world with the geological structure that make
them capable of trapping and releasing deadly amounts of gas. All three lakes are in
Africa, and in the past 25 years, two of them have demonstrated just how danger-
ous they are. The disasters at Lake Nyos and Lake Monoun in the 1980s were the first
indications to scientists that the phenomenon was even possible. Pumps have been
installed in both lakes to pull gas from their depths.

Lake Nyos is located in northwestern Cameroon. Under its waters lies a pocket of
volcanic magma, out of which CO, seeps and dissolves into the lake's water. On August
21, 1986, something—most likely a landslide, but possibly an earthquake or thunder-
storm—triggered the release of a large
amount of CO, from the lake. The gas
spread up to 15 miles from the lake in a
thick, suffocating cloud. Some people
managed to escape, but 1,746 died, and
thousands of animals were killed by a lack
of oxygen. On the advice of scientists,

a pumping systern was installed in the
lake in 2001.

Lake Monoun is near Lake Nyos in
Cameroon. On the night of August 15,
1984, people living near the lake heard
a strange boom. It came from the lake,
which released a CO; cloud that spread
out and suffocated 37 people, includ-
ing 10 people in a truck (according to
published reports, two people sitting
on the truck’s roof, above the CO, cloud,
survived). What triggered the disturbance
is still unknown. Pumps were installed in
2003 to avert a repeat disaster,

Pumps in Lake Nyos in Cameroon will
reduce the gas content in the lake.
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_Evolutionary
- Throwbacks

“What happens when
primitive traits B
reemerge in a species?

Are they just coincidence,
* ~ornature’sbhest-kept
secret for stirvival?

—

Divers hold a dolphin that
has unusualrearflippers.

abies with tails, whales with
hind legs, horses with extra
toes: You might think this list
of oddities belongs in the pages
of fantasy novels. But such rarities ac-

tually exist in the real world. And, no, e
they're not simply a coincidence. They

are what scientists call atavisms—a
recurrence in an organism of an an-
cestral trait that was believed to have
disappeared long ago. Experts believe
that these evolutionary throwbacks
occur because genes for primitive
features are often preserved in DNA
even if most members of the species
don’t “express” them. Why, then, do
these ancient characteristics show up
occasionally in some animals? The an-
swer requires a look at the principles
of evolution.

An atavism is the extremely rare reappearance of an inherited trait that a species
once possessed generations ago. The result of a chance genetic mutation, atavisms
are known in many animal species, from horses born with extra toes to human ba-
bies with tails. Some species begin to develop these traits but lose them before birth.
Dolphin embryos [above left], for instance, have tiny hind-leg buds that disappear by
birth. Occasionally, those buds develop into rear flippers [above right]l—an atavism.

Rules of Survival

The theory of evolution—fundamental
in the field of biology—describes the
process by which the inherited traits
of a population change and are passed
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on from one generation to the next.
The theory holds that all living species
evolved from common ancestors. In
fact, molecular biology shows us that
everything from the simplest bacteria
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to human beings are made of the same
basic genetic building blocks: DNA.
And the sequence of that DNA has
changed with each successive genera-
tion over many millions of years to
spawn the diverse life that we know
today.

The fundamental driver behind
evolution is a process known as natural
selection, a term coined by Charles
Darwin in the 19th century. This
process accounts for the notion that
heritable traits that are beneficial or
neutral for survival and reproduction
become more common in a popula-
tion, while harmful traits become
more rare. Statistically speaking, the
“fittest” organisms in a given environ-
ment survive and pass on their genetic
advantages to the next generation. The
English peppered moth is an example.
Before the industrial revolution, this
breed of moth was light in color. But as
trees became darker as a result of the
soot and other waste that manufactur-
ing created, darker moths outlived
lighter moths because they blended in
with the trees and avoided predators.
The darker moths then passed on their
advantageous color to their offspring.
Eventually, dark moths outnumbered
light ones.

Scientists once thought that genes
ousted by evolution were lost forever,
but evidence now suggests that they
may simply lie dormant in DNA. That
would explain why humans can still
sometimes be born with tails and
whales sometimes form legs. The
question is, what causes these traits to
reemerge millions of years later?

Mysterious Mutations

The expression of a trait and the
physical development of body parts are
controlled by genes, which turn on and
off during the developmental process.
If the “on” signal doesn’t work, then
the trait may suddenly cease to appear.
If the “off ” signal fails, an organism
could end up with extra body parts—or
a body part that should have disap-
peared during development but failed
to do so. These chance mutations in
one or a few members of a species are

Vestigial
vs. Atavistic

Living primitive snakes—a group thatin-
cludes pythons and boas—have vestigial
legs called anal spurs, which they use to
grasp other snakes during courtship and
mating. The spur [circled] corresponds

to a femur in an actual leg, and may

be evidence that primitive snakes had
functioning legs millions of years ago. This
is not an atavism, which is a hidden trait
that rarely gets expressed. Rather, itisa

the basis of atavisms. Unlike a birth
defect, which is a mutation that has
no connection to a primitive trait, an
atavism is a special kind of mutation
that results in the reexpression of a
past trait.

An example of an atavism is the
rare human tail. In human fetuses, a
short tail emerges
during embryonic
development, a
genetic holdover
from our very
distant vertebrate
ancestors who had
tails. But under
normal circum-
stances, the tail
stops growing in the womb after a
certain period of time and then begins
to disappear. The mechanism is under
genetic control, and the remaining
bones coalesce to form the tailbone—
a vestigial body part, meaning that

.

vestigial trait: one that is expressed in all
members of a spacies but no longer serves
its original function. Other modern snakes
such as garter snakes and rattlesnakes
don't have the spurs. Legs on those spe-
cies would be true atavisms.

it is the vestige of what was once a
tail way back in our ancestral genetic
history. The tailbone is common to
all humans and therefore is not an
atavism, but it no longer serves its
original function as a tail. Instead, the
tailbone now provides a connection
for important muscles like the gluteus
maximus. If, how-
ever, during embry-
onic development,
the genetic “off”
signal is disrupted
when the small tail
emerges, the baby
is born with a tail
that’s more or less
well-developed. In
some babies, this atavistic tail is made
up of fat and skin, but in others it can
have bones and muscles and even be
capable of movement.
Another example of an atavism
where the genetic “off” signal failed
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Is It an Atavism?

For researchers, it's often a matter of debate whether something is a true atavism

(a rare reoccurrence of an ancestral trait), a vestigial characteristic (a common trait or
organ that no longer performs its original function) or merely a random birth defect
{a rare mutation). Below, we break it down.

EXTRANIPPLE

Probably not.

One out of every 20 people has one

or more extra nipples. They are rarely
functional, and most experts believe
they are birth defects as opposed to
atavisms because our most direct ances-
tors (primates) had only two nipples.
Still, because we are related to other
mammals, which as a rule have more
than two nipples, a look way back in our
ancestral tree could indicate that extra

nipples may be atavistic.

WEBBED DIGITS

Probably not.

Sometimes people are bom with two
or more of their fingers or toes grown
together. This could be a throwback

to the fins that our earliest ancestors
possessed. As fetuses, our hands and
feet begin as flat structures, and it is
only later in embryonic development
that the spaces between digits arise,
as the tissue there destroys itself. But
because we don't exhibit many other
fishlike traits and because it is hard to
tell which genes are activated or deac-
tivated when webbed digits occur, this
mutation is more likely a birth defect.

DOLPHINS AND WHALES
WITH BACK LIMBS

Yes.

Though relatively common in whales
(an estimated one in 500), this is an
atavistic trait. Fossil evidence shows that
ancestors of whales and dolphins all had
four limbs and lived on land. Over mil-
lions of years, they made their move to
the water. Their hind appendages slowly
became smaller and smaller until they
were no longer there. But the genes that

¥  code forthe hind limbs still exist in

modern whales and dolphins and, in
fact, code for the growth of their

T ot flippers. The embryos of

Ly -

these spedies have small hind-leg

development. In some cases,

the genes that code for limb growth
“forget” to tum off, resulting in atavistic
hind limbs.

EXTRA DIGITS ON
HUMANS

No.

Human babies are sometimes born
with extra fingers or toes, Usually
there is only one extra digit, but there
have been cases of children born with
eight or nine fingers on each hand.
Most present-day vertebrates have
only five fingers or toes, and possibly
fewer—and this was established
very early on in our genetic history.
Therefore, extra fingers and toes are
most likely birth defects.

EXTRA DIGITS ON
HORSES

Yes.

The modem horse, Eguus, has one func-
tional toe, the hoof, But Eguus evolved
from horses whose forelegs had three
toes. As embryos, horses still develop the
same way their ancestors did, but now
two of the three growths that originally
became toes become part of the horse's
leg. Modem horses with three toes,
called polydactylous horses, undergo a
genetic reexpression that results in toes
that are functional—unusual in an ata-
vism. Although this is extremely rare, at
least two famous historical steeds were
polydactylous: the mounts of both Julius
Caesar and Alexander the Great,

g

having three toes
[far left] to having

The forelegs of the
horse evolved from

to work: dolphins with two additional
flippers near their tails. In the spring
of 2006, Japanese fishermen discovered
one such dolphin swimming off the
coast of Wakayama in western Japan.
Normally, dolphins have a dorsal fin,
a tail fin and two flippers up front.
And at first glance, the dolphin with
additional flippers appeared to have a
random birth defect. But scientists soon
realized that this was not the case.
Dolphins are a type of toothed

buds that usually disappear during

v

one [farright].

whale, and fossil records show that
whales descend from four-legged land
animals. In fact, fragmentary bones
deep inside large whales’ bodies are
evidence of ancient hind legs. And as
many as one in 500 whales, including
the mysterious dolphin, have atavistic
hind limbs that you can actually see.

Ancient Traits in Storage
The fact that certain traits can appear
millions of years after their disappear-
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ance goes to show that genes are aston-
ishingly durable. In fact, scientists have
demonstrated that it’s possible to bring
sleeping genes back to life as long as
100 million years later. In one experi-
ment, researchers were able to coax
the tissue in chicken beaks to sprout
toothlike structures. Birds’ ancestors,
reptiles, possessed teeth an estimated
50 to 100 million years ago.

If the genetic recipe for teeth can
remain hidden within an organism’s
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DNA for millions of years, there’s no
telling what other ancient body parts
also lie dormant. The quest to find
them has some scientists rethink-
ing their understanding of hered-
ity and genetics. Where once they
described an estimated 90 percent of
nucleotides—the building blocks of
genes—in cells as “junk DNA” because
they appear to have no function,
now researchers wonder whether the
“junk” might harbor the genetic code
for evolution’s entire history, com-
plete with instructions for making
ancient traits and body parts.

It’s easy to see how such a massive
stockpile of information could come
in handy. Species such as the walking
stick, for instance, have lost and reac-
quired wings over thousands of years
to gain survival advantages in different
environments [see “A Trove of Traits,”
right|. Experts aren’t entirely sure why
walking sticks have flip-flopped in
regard to their wings, but they specu-
late that in some environments, loss of
wings may have increased the fertility
of female insects, so the walking sticks
without wings reproduced more in
those regions. Another theory is that
walking sticks without wings were
better able to hide, so they survived in
greater numbers when they were wing-
less. The insects may have displayed
wings again at other times in other
environments when it helped them to
escape predators. Walking-stick popula-
tions may have been able to adapt
relatively quickly because they had the
stored genes that produce wings.

The Role of Atavisms

In the world of atavisms, however,
throwback traits usually appear ran-
domly and seldom serve a beneficial
function for an entire species. Then
why do they exist at all? No one knows
for sure. What scientists do know is that
atavisms are proof of evolution— tan-
gible evidence of the link between past
and present. They show how quickly
anatomy can change from generation
to generation and how tenacious genes
can be, waiting silently for millions of
years only to suddenly reemerge. @

A Trove of Traits

Some groups of animals have rede-
veloped the same traits several times,
allowing them to survive in various envi-
ronments. For example, insects such as
walking sticks lost their wings repeated-
ly—only to redevelop them again when
they became advantageous. Although
these wings are not atavisms, they are
evidence that the genetic histories and
instructions required to develop certain
traits are stored over generations.

NOVEMBER/DECEMBER 2008 SCIENCEILLUSTRATED.COM | 71


http://www.go2pdf.com

n the search for disease treat-

ments, the next best thing to

human guinea pigs is, well,

actual pigs. Believe it or not,
their skin and cardiovascular, diges-
tive, urinary and central nervous
systems are all very similar to ours.
That’s why, in recent decades,
scientists have established swine
models for osteoporosis, heart dis-
ease, diabetes, kidney disease and
urinary-tract disorders. Mini-pigs,
in particular, which weigh about 70
pounds, are easy to examine using
hospital scanners and can undergo
the same surgical procedures as we
do. In fact, most medical students
practice on anesthetized pigs before
moving on to people. Pigs are also
good subjects for behavioral studies
such as those necessary for research
on Alzheimer’s disease, the fatal
form of dementia that affects an es-
timated 4.5 million Americans over
the age of 65. It’s the sixth leading
cause of death in the U.S. and costs The pigletsrest after
the nation $100 billion annually. their delivery.
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Last year, a multidisciplinary team
of scientists from two Danish insti-
tutions, Aarhus University and the
University of Copenhagen, began using
pigs to study Alzheimer’s. But not just
any pigs. The researchers created trans-
genic pigs—animals whose genomes
contain genes from another species. In
this case, human genes.

The team introduced the human
gene for the heritable form of Al-
zheimer’s into porcine fibroblasts, the
skin cells most often used for cloning
because they multiply quickly. The
researchers chose the heritable form

of the disease, which develops early in
life, because it can be detected geneti-
cally, rather than the more common,
nonheritable form of Alzheimer’s,
which manifests later in life and has
not been linked to a specific gene. They
then used a unique cloning technique
to make seven genetically identical pigs
with the Alzheimer’s gene.

According to Arne Lund Jergensen,
who is leading the study at Aarhus,
pigs could suffer from Alzheimer’s as
humans do. “A porcine model shows
that the pig brain has the metabolic
pathway to produce Alzheimer’s-like

An Easier Way to Clone?

Scientists Arne Lund Jargensen and
Gabor Vajta worked together to create
the cloned Alzheimer’s pigs. Jergensen
developed the pig model, and Vajta pro-
duced the test subjects through his own
technique called handmade cloning.

Vajta perfected the method in 2001,
and within two years he cloned the first

Up to 50 such blastocysts, derived from

identical copies of the original Alzheimer’s
fibroblast, are implanted into a sow, which
gives birth to identical piglets 16 weeks later.

The cells are cultured in a system developed
for fragile, zona-free cells until they develop
into a blastocyst, an early embryonic stage.

A Askincell called s

handmade cow embryo. But cloning pig
eggs was particularly challenging—it
took 100,000 eggs to successfully clone
one, and three years to master the final
technology.

The relatively new technique involves
dissolving the egg cell’s outer membrane,
called the zona pellucida, which simpli-

An unfertilized

eqqg is removed
from the ovaries of
asow.

fibroblast is re-
maved from an adult
pig, and the human
Alzheimer's disease
gene is introduced.

pathology,” he says. This could offer an
improved understanding of the mecha-
nisms involved in the disease and bring
scientists closer to better treatments or

even the ever-elusive cure.

Making Transgenic Pigs
The researchers achieved two firsts:
Their transgenic pigs are the first to
carry a human Alzheimer’s gene, and
they're the first pigs produced by a
relatively new method called hand-
made cloning.

To introduce the disease gene,
Jorgensen’s team first removed a fibro-

fies further manipulations to the cell. In
more commonly used methods, techni-
cians cut a hole in the zona pellucida. The
cloning process then takes place inside
the cell using specialized instruments
called micromanipulators. Vajta’s method
allows scientists to work on the cell with
minimal, less-expensive equipment

The eqgg cell’s

zona pellucida,
or "shell"is dissolved
with enzymes.

Creating the Perfect Test Subjects |

A combination of pigs'anatomy, life span, intelligence and behavior
makes them ideal models for human degenerative-disease research.
To study Alzheimer's, scientists created seven genetically identical
piglets that carry the disease. Here's how they did it.

. .
T —.
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One hour after the first fusion, the fused cells

are merged with an additional DNA-free egg
cell. The egg cell now contains the complete
genetic material from the fibroblast and the egg.
Cell division is set in motion by electrical and
chemical stimulation.
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blast from an adult female pig. The
Alzheimer’s gene was then inserted
into the fibroblast. Once the scientists
determined that the Alzheimer’s gene
was active inside the cell, they allowed
it to multiply. They then prepared the
pig ova—the cell that will eventually
grow into the piglet—to accept the
fibroblast’s genetic material. To do this,
Gdbor Vajta, a cloning expert and an
affiliate professor at the University of
Copenhagen, used a method he devel-
oped in 2001. The key: using enzymes
to dissolve the zona pellucida, or outer
membrane, of the egg. This allowed

under a microscope, and may prove
to be more efficient than traditional
cloning. In addition to other benefits,
the absence of the outer layer allows

technicians to locate and remove the
chromosomes without the use of poten-
tially damaging staining and ultraviolet
illumination.

The scientists locate the genetic material—
chromosomes and the centrosome—on the
surface of the egg cell under a microscope and
make a bisection by hand, using a microblade
to remove them.

An electric shock fuses the chromosome-
depleted egg cell with the skin cell that now
carries the Alzheimer's gene.

the scientists to easily manipulate the
egg cell’s components by hand, rather
than using micromanipulators, tiny
instruments used in traditional cloning
[for more on this process see “An Easier
Way to Clone” on facing page].

Vajta then fused the fibroblast
carrying the Alzheimer’s gene with
the egg cell, which was electrically and
chemically stimulated to ultimately
become a blastocyst, an embryonic
phase. The team produced 40 to 50
identical blastocysts using Alzheimer’s
fibroblasts that had multplied from
the original. Veterinarians implanted

}A e
‘and places them in test tubes.

harvests eggs from pig ovaries

these blastocysts into a sow.

The impregnation resulted in seven
identical piglets born in the summer of
2007. Three months later, an autopsy
on one piglet showed that the Alzheim-
er’s gene was indeed active in its brain.
The researchers will now watch the
remaining pigs age, with the hope that
the disease will progress in the same
way it does in humans.

What We Know So Far

The heritable form of the disease, also
known as early-onset Alzheimer’s, is
the result of a genetic mutation passed
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Impregnating Pigs

Once the cloned blastocysts were ready,
veterinarians at the Biomedical Faculty
of the University of Copenhagen took
over. Their first challenge was to implant
the embryos in the sow's uterus at
precisely the right time. Normally, five-
day-old embryos are implanted in a sow
five days after she goes into heat. But
the cloned embryos are more fragile
than ordinary eggs, so they were given
one more day to develop in the lab
before being implanted. To guarantee
success, the veterinarians implanted 40
to 50 cloned embryos, rather than the
usual 20 to 30.

The vets monitored the pregnancy
with ultrasound every two weeks. The
sow gave birth to seven cloned trans-
genic piglets by cesarean section on
day 114.They nursed from their mother
immediately and were given a bottle of
her milk every other hour after that.

down in families. It is the cause of
between 5 and 10 percent of cases.
Late-onset Alzheimer’s, which appears
after age 60 in people who usually don’t
have a family history of the disease,
accounts for the rest. Both forms lead

to the destruction of nerve cells and
neural connections in the cerebral cortex
of the brain. The condition destroys
memory and causes confusion, disorien-
tation and, eventu-

ally, death. Despite

Tracking the Disease
Mouse models for Alzheimer’s have
never been able to simulate anything
comparable to the last stages of the
disease. “Plaque-forming mice do not
show extensive nerve-cell death,”
Gandy says. “It’s nothing like human
Alzheimer’s.” But the research group
has good reason to believe that their
work in pigs will be more successful
than the studies in
mice. Research indi-

Ete}ll‘m.ive Ies(eidr(_h Tran sgeni( pigs m ay cai[les that pigs’ nerve
zheimer’s disease cells may possess
is poorly understood, one day become the biochemical ma-
and doctors still lack test su bjects for chinery needed to
medical treatments . 7 trigger the disease,
to prevent the brain AIZhelmer S dru gsf Jorgensen says. The
dam.I;gc it causes. h el pi n g Scienti sts scientis[ts Wﬂ(]i use 1

e process computerized axia
of neurodegen- dEVEIop bEtter freat- tomography and
eration begins when ment for h umans. positron-emission

enzymes snip a

component of nerve

cells into small pieces. The resulting
protein, called beta-amyloid, accumu-
lates in clumps between the cells. Some
of these clumps eventually become
large plaques. According to Samuel
Gandy, a professor of Alzheimer’s-dis-
ease research at the Mount Sinai School
of Medicine in New York City, amyloid
protein outside the nerve cells causes
the formation of what are called neuro-
fibrillary tangles inside neurons. Here,
a normal component called tau protein
accumulates in the twisted fiber pro-
teins. As the disease progresses, brain
cells die and the brain itself shrinks,
although it’s unknown exactly how

the two proteins influence cell death.
The disease starts in the hippocampus,
a part of the brain involved in learning
and memory, and later spreads to the
rest of the brain.

Although these major steps have
been mapped through brain scans and
autopsies, scientists need to study how
the disease progresses. That's where
the pigs come into play. If all goes as
planned, the pigs should show signs of
brain pathology at age two, which in
pig years corresponds to the age when
people with early-onset Alzheimer’s
begin to exhibit symptoms.
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tomography (PET)

scanners—the same
devices that help diagnose Alzheimer’s
in humans—to detect the two destruc-
tive proteins, beta-amyloid and tau,
in early stages. To find beta-amyloid,
for instance, the scientists can inject
a chemical substance into the blood-
stream that attaches to the protein
deposits in the brain. If amyloid
clumps are present, the substance will
accumulate there and be detectable on
PET scans. In the later stages of the dis-
ease, researchers will be able to follow
the progressive death of neurons in the
brain using the scanners.

The technology will allow research-
ers to study for the first time the long-
term effects of the disease. “Because the
cloned pigs are genetically identical,
we expect the pathological changes we
find in one pig to be present in the oth-
ers,” Jergensen says. This will enable
researchers to correlate pathological-
disease development with changes in
behavior.

One very early behavioral symptom
the researchers will look for is a dimin-
ished sense of smell. They will also test
for a loss of memory and spatial rec-
ognition by placing the pigs in a room
with four compartments, one of which
contains a reward. Healthy pigs quickly
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Gdbor Vajta, a cloning expert, spent
years perfecting the technique used
for the research.

learn which compartment contains
the reward and go right to it. The pigs
with Alzheimer’s, however, will prob-
ably have a harder time remembering
which compartment holds the reward.

To further test memory, the pigs
will be put in a room with two toys.
The following day, one of the two toys
will be replaced. Healthy pigs spend
more time examining new objects, but
once the diseased pigs’ memories begin
to diminish, it’s expected that they will
spend the same amou