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Now its mostly this...

QCEANOGRAPHY

waves (
. des truction

- Scientists chase towering seas that smash Arctic ice,
I with far-flung effects on climate and ecology
By Mark Harris ol

ROUGH SEAS: North of Russia, near the Arctic istands
of Franz Josef Land, open waters—which had mare ice cover

in the past—tows op choppy waves. !
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And mostly this too...

FINDINGS

Changing Cell Behavior

i a cefl, the location of a key protein duo called YAPYTAZ {purpie) can control
whether the cell will peciiferte. The ducs are nfluenced by phys-
Il forces that squeese or stretch calis. Changes in thase forces are communi-
cated to YARTAZ by tension or locseness in the examcelular matrbe, which
consists of fibers such as collagen {ed). These fibers are anchored to mole-
cudes called ntacrine {yeilow) that p the cell menibrane, where they
anach to the cells inner cytoskeleton, made up of Shers such as actin (grean),
Actin harbors infiblony factors (gold cescencs) that restrict YARTAZ activity
when the fibers ame relaved, according to resesech from the Plocolo bbb

Stretehed
‘Whena cell ks arench, irhibory o

of the cytoskek YARTAZ1
emar the nuckes aed, In combinazion with other molec.des, activans
coll proifieration

When ool dad soasthar fbars in the 3d

a0 b the coll are relased This. pur

facioes thae come togerher with YAR/TAZ The contact prevenss YASYTAZ from

Y

mechanical forces and affect a cell's fate. A second is the differ-
ent types of ground that a cell can The

These signatures appear crucial in ongan development and
i Ni their differing mechanical propertics

matrix to which cells are secured is indeed not monotonous but
has different textures. Some tissues, such as booe, create a stiff,
dense matrix, Nke solid rock. Other tissnes, such as brain tissue
or 1, develop a much sofier vession. In other words, cach ce-
gan's matrix has its own signature.

IRxrertes oy Kty Coepeer

puide the cforts of 2 very important cell type: mesenchymal
stem oells. These cells are found in many adult ongans and con-
tribate 1o repair afler an injury. They differentiate into a strik-
ingly diverse array of cell types, inclusding bone, fat, nerve and

muscle cells. For years biologi d that the kexil of
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Which is one reason for this...

We reach over

.H

people per month

That's roughly 6
times the
population of
Manhattan.
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They're also educated.

We're in the top 10 among MRI measured publications
for readers with college degrees and #4 in postgraduate education
ge aeg ! g

MORE IN THE

C-SUITE

! HA.\J |N | "1"

Which explains
why 19% of
them are in the
C-Suite.




This is another reason...

158 Nobel Prize-
winning scientists
have written

251 articles for
SCIENTIFIC
AMERICAN.

it's not unusual to find Nobef-quality work in
SCIENTIFIC AMERICAN months or years before it's
recognized by the Nobel committees. This record of
editorial excellence and prescience - covering such a
diverserange of subjact matter - is unequalled in
publishing. All these prizes underscore the credibility
and authority of SCIENTIFIC AMERICAN. And the
excellence continues, Inevery tssue of SCIENTIFIC
AMERICAN, readers are likely to find the work of
authors who are the Nobel laureates of tomorrow




Most authors haven’t gone to Stockholm...

V' 4

Stefano Piccolo is a professor of molecular biology
at the University of Padua in taly. His laboratory
studies how cells sense their environment and use
this information to build tissues.

«=p  Frédo Durand works on computational photography
as a professor of electrical engineering and computer
science at the Massachusetts Institute of Technology.

William T. Freeman, a professor of electrical engineering
and computer science at M. T, studies how machine
leaming can be applied to computer vision.

Michael Rubinstein is a research scientist
at Google, working on computer vision.His * .

T

Robert J. Lee is an assistant professor in the department
of otorhinolaryngology-head and neck surgery and in

the department of physiology at the Perelman School

of Medicine at the University of Pennsylvania. A molecular
biologist, he has spent more than a decade studying cells
that line inner surfaces in the nose and lung.

Noam A. an is an associate professor in the department

of otorhinolaryngology at the University of Pennsylvania.
He is a surgeon with 15 years of clinical experience and director

of rhinology research at the school. { &
Linda T. Elkins-Tanton, a planetary geologist specializing - -
in the evolution of terrestrial planets, is director of the School L
of Earth and Space Exploration at Arizona State University. 7 4

motion microscope work was done while
he was at Microsoft Research and M.IT. s




About 60 % of our

feature stories are
written by scientists!



They are people committed to enthralling non-
scientists with science
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New studies
suggest that

the stress of
being poor has

a staggeringly
harmful influence

on health

Y

By Robert Sapolsky
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How do you
get from
this....

(That’s “The
accretion and impact
history of the
ordinary chondrite
parent bodies” in
Geochimica et
Cosmichimica Acta)

Qur neighborhood
of planets was not
created slowly,

as scientists once
thought, but in
aspeedy blur

of high-energy
crashes, destruction
and rebuilding

By Linda T Elkins-Tanton

43 Scieuciic Americes, Docember 3006

...to this?

\SMASHUP
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And tell readers about this?

MAKING PLANETS

Solar System Building Blocks

Mhmmumnwmmm planecary seeds. But resaarchers now balleve they cashed around
of gas and dust d d kemnps known 235 and jump-started high-enengy processes that gave rise 5o true
Mm&ﬂuwmmw»hm planets (bottom}.

Inside a Flanetesimal

Layers of mabeed Ursemdte! All \aryers roet
metal and reck

Metalc grem in

2 refind cuter layer

wil paet b e T
Undflerentixed slarescsinal Magretc Seké forouassen ivection e the
These socks were 1050 & fow Radbeacive cernents crested Metal in ssotion con becoene o ragretlc bekd and
hundred kiioemeters in disrreter moee haet, and the body melted agretic dy i hapoened ressin hat samie
and contained mdioactive cle- from D lnside aut Desser bon- ‘when planeseckrils snd thelr guid ofermen sher the
orvennts that heated their innards, ikl el sk ivwerd. Some- matal coses startad to spie. These dyvasn bas Sugged
Thay had an cnionlie Saxctive. theses an cuter rind s unaltered. cores generated magnetic fekds and theouner byer




Start here: scientist suggests story

SCIENTIFIC
AMERICAN .

q

Article Proposal -
from Lindy Elkins-Tanton, director, School of Earth and Space Exploration, Arizona State U. |*

9

Proposed article title/headline: The High-speed, Hit-And-Run Solar System

q

Primary Topic (Select ONLY one, with an X): Space/Physics X"
q

Anticipated type: (Select ONLY one, with an X): Feature (1,800words or more) - X"

T

Anticipated word count: 2500-3000 7

q

Proposed subtitle/dek: The story of building planets in our Solar System is not one of slow,
graceful growth, as once believed, but a fast-moving tale of violent heat, giant impacts, and
migrating spheres just two million years from the start, We can get an “inside view” of these
processes by looking at the metal asteroid Psyche, which can reveal details of a core-mantle
boundary like the one in the middle of Earth. 7



1. Editors ponder story, debate story, try and
figure out why general readers would be
interested in the story.

2. Author writes first draft of story.

3. Then the fun stuff happens



Authors get edits...

q

STORY STARTS *
4/30/15 7
The high-speed, high-energy, hit-and-run Solar System

q

[[Lindy, as [ mentioned, you need a more engrossing, accessible start to the story to draw readers
in, [ think you can do this by moving the story of the Allende asteroid up from lower down. Go

from the end of the Allende anecdote that [ marked to this;
Fhe-Hmverse-beean13.8-bithon-years ago-ago-with the-Bie-Bang




Sometimes its more, um, involved.

|[[| appreciate the basic background but what's smarter is to start with something that gets you faster to
what the story Is really about: the search for enhancers, and how distant parts of DNA affect one
another. because of structure. So | suggest cutting this background and starting off with that nice bit
about scientists being bummed they didn't have more genes than a worm, and they realized the other
DNA must be important, and needed some structure that allowed distant parts to regulate other
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Thpsbartgan e E e bl ySscientists used to
believe they were had—thought—that—th T e #= so much more clever than

reuadworms because, among other things, k—that-we humans have a bigger genome with room for
more genes. Then, early this century, geneticists finally got around to counting. The results were kind of
a downer, Ninety-eight percent of our genome had no obvious function. The remaining 2 percent
comprised only 20,000 genes, This may-<seund-tikeslot—butitwasby-all et i-put
hiema sapiens raughly on a par with the 1mm-long roundworm c. glegans. [[n absolute number of genes
or percentage of genetic DNA?]]T

B e tzed-Then wellyou are part of this effort, right?]]

thought of something that made us feel better, Ggenes were like instruments in a grand orchestra, \What
aede tie buiien Sha soiicle shoy sda bow conas $caad nd ol i 4 ai ")
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in the vast spaces between genes ~ the 98 percenti of the genome we could not account for — was a

grand | score, a gew fateey—program for controliing our genes—fer—mere hen—th
b B ey e fated. What made us human was thise music-they—made: how-genes

" o facki

turninged on and off in a complex, ¢ in order to direct heart cells to beat, neurons to

think, or immune cells to fight infection. T

Before everyone caught sequencing fever, a few researchers in the 1960¢ [[or 1970s]) had taken some
note of these orchestral conductors. One important class of non-gene DNA, called “promoters,”
appeared to work like the buttons on your television: they sit at the front of every gene, and turn it on
or off. A second class, called “enhancers,” was more mysterious. Enhancers activated genes that lay
millions of base pairs away, Perhaps, at scales far larger than the windings of a double helix, DNA might
loop back on itself, bringing the enhancer close to its target gene, T

eusing. ) -
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Sometimes there are just a few tweaks

we can turn our tsunami of data into accurate 3-D images of a molecule. T

ar
1l

\Step by step, we improved our technique. And by 2014 [[ok? Need some date
advancing beyond 2009-jf]] our work gave us the first real-time look at the transfer of
electrons between two key players in photosynthesis: the large sunlight-catcher
photosystem | and a protein called ferredoxin.

When light hits photosystem |, it converts the light into electrons, which ferredoxin then
carries away for further reactions that build molecules. At this point, the crystallized
proteins quickly dissolve, making the reaction difficult to follow. Only the superfast
process of SFX[9] could see the rapid change.

o
1l



Not reaching out to your readers, and using language
yvou and your fellow specialists understand but non-
scientists do not, is a prime reason for lots of red ink

4\

With SEX. we shined the L€
od otansin]
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When you spend the time to think about how
your readers perceive your words, and meet
them on their level and not force them to
struggle to yours, you combine the smarts of a
scholar with the craft of a storyteller.

You don’t dumb down. You Wise up. You
combine accessibility with knowledge.

You are able to tell people why what you do
matters.



New images of drug proteins or photosynthesis in action, in millionths
of a billionth of a second. show how the molecules work—or fail
By Petra Fromme and John C. H, Spence

| IN nRIEF L

Proteirs arw I congtant motion, camying oot the
mactions that make e possible These movernenes
fappen on 3 scale o small and 100 fast, 0 be seen
with micresropes.

Using x~ray laser pudses lasting just mlllionths of 2
billorth of 3 sacond, researchers have crested ‘me-
lecalar movies” that show how protsins change
srucaire when they imoract.

These movies can rwvend blologiaal ractions in un
precedennad detadl and show why drugs sometimes
@0 nat hit target provsins and how plare photogyn-
Thers Creanes clean energy.

May 2017, ScestificAmerican com &%




Peta Fromme i Pacd V. Gaivin Profescor inthe Scheal of e
mmmmmuw }’
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SobevC. K. Spence 5 Richant Seed Professor of g,"'
Physkcs a Arzona Sateand dinactor of scince A
2t the B FEL Science and Tachnology Canter. v/

BURROWED DEEP UNDER THE FOOTHILLS
NEAR PALO ALTO, CALIF., SCIENTISTS SCURRIED
THROUGH AN UNDERGROUND LABORATORY,
making final preparations for a series of explosions. THEIR PLAN: blow up
tiny crystals of proteins that could reveal one of nature’s best-kept
secrets—how plant photosynthesis turns light into chemical energy.
The potential payoff: a step toward unlimited clean power.

1t was December 2009, and a sleep-deprived team of re-
searchers and students st SLAC National Accelerator Laborato-
ry had been working nonstop for days Lo set up this i

our requests for fanding. But then beantiful images of scattered
x-rys began Lo emenge an computer screens. We still remember
our ch ings around the room as we watched what woald

at the world’s most powerful x-ray laser, the Linac Coherent
Light Source (LCLS), which acoclerates electroas 1o nearly the
speed of light One group feverishly adjusted injectors that
would shool tiny crystals of protein into the x-ray beam. Anoth-
er locked and loaded the Injector with fresh crystals of a protein
complex called photosystem 1, which is Rey to photosynthesis.
At the end of the two-mile sccderutor tunned, the erystals be-
gan their march into the intense laser light. But before each of
them exploded, its snapshot was taken with a newly developed
scientific iechnigee Todey that methed promises to reshape our
understanding of biology on the tinkest scale because we can
now assemble x rapid sequence of such images—shot in femto-
seconds, or millionths of a hillicath of 2 second—into movies.
Physicist Richard Feynman once said, “Everything that liv-
g things do can be understood in terms of the figelings and
wigglings of 2toms ” But never before have we been able o di-
rectly see the wiggling of atoms and molecules within living
things 2t this speed. Our method, called serial femtosecond oys-
“nm(smhummﬂhhklnpmd molecular dances
ine how medi di d cells and how
r.hsmul m:uomunmalmlodﬂhmlfm
Mmmmmndlltwwﬂhmumdsn(m

bmupml&n-mﬁdddxwmmhdham

X-RAY VISION
mryoux =X, scientists made ing adv ind ing the
of certain chemical bat they could not acts-
ally obsesve the most deficate and complex biclogical structures
in action. In the 1980s, for instance, the late chemist Ahmed H.
Zewail invented a way to watch aloms move during chemical
reactions using ultrafast pulses of visible laser light. Yet the
lHlllnvdmnhmmlmwdiummMﬂmﬁtmdchm
ofp'mm More Y, ic acdh n micro-
scope have prodeced near-stamic lution imag-
udpm!dnllndvlnuu.lutﬂ)qmnotqnﬂamuhmup-
ture rapid jons such as ph
Wedaddsllnuztmw‘hlchhnthnmmmd
and lution to record biological i in action. Key to
our work was developing a technology that would allow x-rays
to form pictures of molecules in the instant before destroying
them. Traditionally sclentists who do this work painstakingly
grow lange crysials of proteins and other molecules into lange
crystals to map the positions of atoms within them. Then they
‘bounce x-rays off the orystals and recond the pattern of x-ray
ing, o diffraction. In a crystal, molecules are held in

reveal fme details of how an experi l drug blood
pressure— paving the way to better hypertension medications.
SFX has also shown the structure of the erzyme that destroys
red hlood odls in slecping sickness, a fatal disease caused by
parasites. And it has yiclded the first look at the initial steps dur-
ng pholosynthesis that split water into hydrogen and oxygen.
Hack in that andergroand kb in 2004, the stakes were high
as x-ray palses began to annihilate our carefully formed crystaks.
Many scientists had said SFX would pever work and rejected

64 Sciontific Americas, May 2017

place in an cederly arrangement, so the x-rays scalter in predict-
able ways, allowing scientists to interpret the position and iden-
ﬁtyduomﬂhmdbodhmﬂedxwﬂymﬂmqkylnd
ouT serial fr aphy uses the sume principle
wnamkmnbnlfnﬁuﬂ.
X-rxys ultimately destroy the molecules we are trying lo see,
It was ly believed that the x-ray laser, which
concentrates high-energy x-rays into a powerful beam, would

‘

PLANT CHEMISTRY

Moviemaking on a Molecular Scale

Photosynthesis makes life on earth possible by light  ph rehests, then use a powerful x-my laser 20 take snapahots
MWWAdeMMMM dd\mguhdupuﬁsh:l‘i'm\sdlmbﬁl
sclenties their firz glimpsa of the process inaction. hers e da In v stepe (shown below)
visible light, smedating sunlight on a laaf, to spur prossins to begin and combined Into a mavie.
1 Ugt-eesp 1 Pubses of gremn light 3 Thecrysal bsthen by 4 Thexraypobel 5 Sobwen sseedie
dled i ¢ ‘;“ wicht -p—dhy* e 50 d  thesands o 20
5 i A o
wﬂ’- i within the 30 view of the protein’s
protsine’ crderly amaege- nencerystals, Ths frst Aructire Mose truc
whas R posibie 2p b photsayveh ld-n-nz
dewresine Dk Srutre heppers in just nd- nsed throughat
Hundrads of thounadk ongs of a bilfooth ction processs and
f crystats fow thevugh of d arnthee Siched ko
thelnjecter per sacond. Armovie sequence.

only make matters worse. The kser's beight light alone can punch
a hole through steel. A fragile biomolecule, one would think,
would not stand a chance. We necded 0 outrun the x-mys’ dam-
#Mqﬁmnlﬂgbhﬂmnﬂsi‘wﬁl}wﬂiﬁﬂt
diffierence d and one full second bs equiv-
alent 1o the difference between a second and 32 million years.
The key 1o the SFX technique lies in that imperceptible
sliver of time between the molecule being struck by the x-my
laser pulse and electrons being ripped off its atoms by x-ray

Amradn ty Lacy Keading lttrns

energy, Stripped of ol the positively charged
o

repel ene anath i

explode.

Here is how it works: First, we prompt molecules to interact
to form a tiny crystal. Then we shoot a powerful x-ray beam at
the crystal in an extremely short pulse, just long enough for
some of the x-rays to scatter off the crystal before the beam's
enesgy rips the molecules apart. Finally, a detector captures the
bounced x-rays, whose paitern reveals the type and position of

0 expand and ulti-

May 2017, ScestificAmericas cum 63



the nitric axide produced hy sapertaster nasal colis during T2R38  bacterial AHLs through T2R38 and produce mitric oxide, whereas
activation cansed faster diliary beating and directly Killed more  cells from nontasters do not. These propertics make cells from

bacteria than nontaster nasal cells. We next di d that the

much better at killing AHL-prodecing bacteria than

md-twmlhtmwbdymm mlk from noatasiers. From these cheervations, we concaded
1 ch y cells, AlLs, directly acth that the TZR3S bitter receplor is used by airway epithelial cofis 1o

mmmm&&mmm detect bacterial activity and

IMMUNE RESPONSE

Two Defense Systems That Use Bitter Receptors

Cals in the human airwayy play roles In defanding the body agains: Invading bacteria. Two of these cell types {dlagrams} have bean

shown 1o Lza biter taste recepeors In difierent warys to datact and repel the invaders.

SCHNTIIC AMERICAN ONLINE

Jpurrute by AU Soatx

Since our discovery of T2R3S in clia of human nasal epitheli-
al exllx, our knowledge of the role of taste rearptons in the nose
hs expanded even further. These receplors also appear in soli-
tary chemoscnsary cedls in the human nose, similar to those
found in mice. Solitary chemosensory cells really are solitary,
dispersed widely throeghout the nasal canity and making up
abont oaly 1 percent of the cells there The cells have both T2R
bitter raceptors and TIR swoet receptors. When T2Rs in these
cells pet stimokated, we have found, the solitary cells release 2
signal & fing celfls that prompes them to release antimi-
crobial proteins called defensins into the abrway maces. Defen-
sins are capable of killing many illness-causing bacteria, inclod-
ing # aervginosa and MRSA.

The sweel taste receptors, when stimulated, shut down the
activity of the bitter ones, probably 1o prevenit celis from relens-
ng oo many proteins 2t an inappropriate time. Sweet reosploes
b2d already been found in other body parts, such as the pancre-
ns, where they sense sugars in the bicod and stimulate cells to
produce insulin that regulates ghacose levels. Our wosk om the
masal cells, however, showed that sweet and hitter receptors in
the same cedl have opposing miles.

These experiments sugaest 0 us that taste receplons consti-
tute an carhy-waming arm of the airway immune response. They
seem different frum the most well-studied class of sarhy-waming
pmdm,wb&mlmuhﬂ-ﬂkmm&).mm

when stinulatnd by certain bae-
h‘iﬂuﬂnk:ulh'l‘ll:mmhlmﬂu:hublm
impartant difference some TLR msponscs—sach as signaling
genes to start oreating antibodies that mark invaders for destroc-
tion—are mudh siower, taking several hours or even days. T2Ha
and its hitter consing, in contrast, prodece respoases within sec-

mmmuue - ive b i pro-
duce AHLs, the compounds that, by Uriggesi lead
dhmlhsepwl:mlduzmhnbe-mln:nlnuolidnom-
er bacteria do not produce AHL, 50 they would not run afoul of
these immane defenses.

Further dinical research has supported the role of T2I34 in
sinusxitis. Two stadies from our group at Pennsylvania demnon-
straled thal people with two copies of the T2R38 supertasier

mene are less likely to get severe chinosinusitis than are pati
with two copies or even patients with one copy of each.
A study by otok logist Martin Dessosiers of CHUM in Mo

treal and his colleagues verified that the TZR3S nontaster gene
occurs more often in patients than in healthy people That study
found thal rhinosinusits severily is also associnted with variants
in two other T2H receplor types, T2R14 and T2R65.

In urzans beyond the nose, connections between Laste recep-
mnﬂhvndw-mﬁ:rﬂmbﬂwqhmnduﬁm
showed that when confr d with path e Kscherichio coli,
dmnuu-o«yaﬂshlhnﬂwymmm‘hmmhkdz
bladder to ndessse urine. This could be the body trying to flush
hacteria cat and prevest bladder infections. Another recent
study has shown that white blood oclis—which include nestro-
phils and ymphocytes and are cruchl components of the im-
mune system—also use T2R3S 1o detect Prevdomonas AHLs.

Right now we want 1o learn whether chemicls that activate

T2R recep m-wlu edicine for chinosinwsitis pati

by stimmalati ia-killing The vast ar-
wdb&hwm&hbﬁwmaﬁdﬂdmy&y
could be p Sl o i S R R s and hepe-

mmmmwﬁmm vegrtables
smhubuﬂwhmdhmadu:ﬂuhfmm&r-nd:u

oads 1o minutes. These taste reoeplons might be most impor in. Absinthin, a bitter chemical isolated from the worm-
during the onset of infection by activating a Kind of “locked and wwﬂphlmdhmdhhhmﬁhhhbmdnvmh
Joaded” mstant oo, Other o muay be more i solitary ch ¥ cedl T2Rx. In our lab, we are in-
crucial for fighting a prok d infection, calling up the troops igating several f lations that could work as drags. Novel

when the finst response is not sufficient.

VULNERABLE PEOPLE
THE 1ance Nomu of genetic varietics in T2R bitter taste recep-
tors makes their role in § ity even more ntrigaing. Most of
the 25 hitter receptors have genctic varistions that increas: or
decrease their abilities, thus making people who have them mone
or Jess sensitive Lo bitter-tasting substances. If 2 reaction Lo bit-
termess is indeed part of the immune response to imvading bacte-
lh.lh-emg:mkv-hhum:houuhdl&:mlu
the waty people combat | i I d bitter recep
function may confer greater protection against infection, whene-
as lower fanction may increase susceptihility.
Mhﬂeh@nhlﬂﬂﬂlﬂahp&p&lﬂdhﬂlﬂnk@
Bt is correct. The millions of patients with chronic rhinosines

medictions based o bitter compoends might someday be ssed
1o combat infection withoul using conventional antibiotics.

We believe it is also possible that taste or genetic testing of
T2Rs might eventually be used to predict susceptibifity to infec-
tions. The natural variations in these taste receplors may help us
mmwm%bwwmmg

il (hem never seem (o get sick? Us-
Igbﬁmhmhmmw&mlm m

1 MORE TO ExXPLOND

Tste Recaptor Sigealing — Fraes Torgu 1o Lungs, S C Kivunes Ay
Fipokdagica, Vil 204 N 7. puges 155468, Fednawy 00
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When given guality-of-life questionnaires, rhinosinusitis pa-
ﬂuu-qatmmﬂmpﬂimhwﬂhmbnd
Tung di Plus, rhinns lop danger-
mlmhkﬂmndmmdmd_umd
as asthma. We have Jooked at microbiology caltures from pa-

tients with the condition. § did get rhincsinusitis—
llnmmh-mnrbmmqhdlmdlhmftqm
of nasal infecti with gram ia than did nan-

Tt Raceptons in Irmats brerundty. fobert | Loeand Nown A Coben s Collder
and Mol (e Sciescny, Vol T2, N 2, pagen 20256 Jruary X008
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World
of
Movement

A new "motion microscope”
reveals tiny changes in
objects—and people—that
appear to be stock-still

By Frédp Durand.
William T. Freeman and
Michael Rubinstein
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auged (5). A computer smooths paxel transitions, showmg motion (<), The bottom images show one crane feature moving over time.

called color gradient. Mathematically, we can say that the change
of a pixels color over time is the prodect of the speed of the
object multiplied by this color gradient.

Our algorithm, of course, does not know about speed or color
gradients. Nevertheless, because it amplifies the color change at
any particalar poént as the ball moves a fraction of an indh 1o the
right, it also amplifies that fracticnal motion of the ball for yoer
eyes 10 see. In a similar way, the oloss of pixels representing
spedific points on 2 baby’s chest will change as the baby breathes,
and making the color change more dramatic also makes the tiny
movemenit of the chest more obvicas.

A FLUID LOOK

THE DIPIRENCYS nETweeN oor earier work that used vecloes and
our new approach based on color changres over time are 2 matter
of perspective. It is the differenoe between going with the flow
and standing still amid the current, and that change in view-
point is what makes our newer calculations simpler to do. The
idea comes from sdeatists who watch flulds and model how
they move. There are two contrasting ways o do this: Lagrang-
an and Enlerian methods Lagrangian approaches track a given
porticn of fluid as it travels through space, like 2n cbserveron a
boat following the flow of a river. In contrast, Fulerian appeoach-
s use 2 fixed location in space and study the fluid passing by it,
as if the observer was standing on a beidge.

Our eardier work followed a Lagrangian philosophy, acting
like the chserver on a boat, where pixels are tracked in the input
video and then moved—as the boat moves—according to mag-
nified vectors from point (o point 1o poiat. In contrast, our new
appeoach coasiders color changes caly at a fixed location, simi-
far to the observer who stays oa the bridge. This local perspec
tive applics to only small motions bat makes it much simpler
and robust. A computer can quickly process a video using this
technigue, whereas oar carlier work required a lot of compater-
processing time and often contained mistakes.

1n 2012 we published a paper on this new method, called Fu-

lerian video magnification. [t showed how (he blood flow changed
a face. [t also contained a variety of other examples, mach as the
beeathing motions of an infanl, which can be amplified so that
parents of newboms could chedk an enhanced video signal to soe
if the baby was maving. We also took a high-speed video of a gui-
tar where all the strings were vibrating and selected narrow bands
of freguendes around given notes, sach s 72 to 92 hertz fora low
E string vibrating at 82 Hz. This amplified the motion of 2 single
string, whereas the others looked like they were absolutedy still.

We created a Web site whese people conld upload their vid-
cas and run them through this motion-magnification process.
{See the videoscope at hitpsy//videcscope.grilabcom) People
used it in ways we had not thougin aboat, which was exdting.
One person posted a video showing fetal movements in 2 late-
term pregnancy. Another person amplified the breathing mo-
tion of her pet guines pig. An art student made a video showing
the imperceptible movements and expressions of her friends
trying to stay still.

We also leurmed, however, that our Fulerian approach does
have limits. If a given input pixel gets moch darker from one
frame to the next, the comp will enh: this change 1o an
excessive degree, producing a fally bladk pixed, kind of 2 renaway
amgplification effect. This type of issee caan canse dark or bright
halos around motion arras. Input color varistions from sensor
noése are also a dallenge becasse—even thoagh we ssnooth them
out by averaging many local pixels— the nolse still gets magnified.

This result prompled us and cur graduxe student, Neal
Wadbwa, lo develap a new algorithm that preserves the benefits
of simple Enlerian approaches but provides a better view when
changes grt more extreme.

We realized that the root of car original method's limitations
is 2 false assumption. It acted as if the clor difference between
each pixel and all its neighbors—pixels to the left, the right, abowe,
bedow—was the seme, which unfortumately is not always troe.
Edges, for example, correspond with madh bigger pixed differenc-
s (higher gradients) than their surrounding smooth areas, So if
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STONE AGE EATING: A distant ancestor, Faranthrogus boései (lff), lived m open plains and mostly ate grasses or related §
s indicated by chemical analysis of fossil teeth. But #fomo erectus, sometzmes called Homes ergaster (right), 2 member of our o
genas that lived in the same landscape, had a more vaned diet, and adaptahility may have helped its svolutionary saocess.

WET AND DRY CYCLES

mvinevcx ror TR sueny of landscape change and evolution
comes not just from lkend but from the sea. African groand sadi-
ments are often hand 1o analyre because of erosdon and other
grologic diturbances. In the deep occans, however, they resain
undisturbed. By drifling into the seaflcor near the African cuasts,
prologists like nmysell have been ahle to penetrate a multimillon-
year time capsule, recovering Jong cores of sediments that pre-
serve complete records of past African environments. To get
these cores, we need 2 special ship. That is why @ team of 27 sd-
entists and | spent two months in the fll of 198700 the €70-foct
drilling vessel JOIDES Reeolution.

“Core on deck™ squawked the driller over the PA system in
his Texan twang. We sclentists groaned, donned our hard hats,
and marched oat of the ship’s cool, comfortable lzhoratories
into the blinding Arabian sun (o carry yet another 30-foot seg-
ment of deep-sea sediment core inside for analysis. The Resoln-
tiom is an intermationally funded research ship designed o ex-
plore and drill the ocean bottom and recover the earth's history
recorded there. We were drilling through layers of deeprsea sed-
iment in the Arabian Sea in a mile and a half of water, taking
cores nearfy half 2 mile into the sea bottom. Since the diver-
gence of great zpe and human linsages several milion years
ago, the ocean battom here had accumulated nearly 1,000 foct
of deep-sex mud in the dark, peaceful abyss, at a rate of about
vaeand a half inches every LOOO years.

The sediments here consist of mixtures of fine-white cicum
carbonate fossil shells from ancient occan plankton and darker,
silty grains of dirt blown from aress of Africa and Arabla by
windy monsoons. When the mix looks darker and gritty, it Indi-
cales drier, dustier limes. When it looks lighter, that reflects
wetler, more humid conditions.

Laying the split sediment core an a table inside the
spacious rescarch fabs, we could see that the allemnatin
and dark layers repeated every three fost, more or Jess,
meant they changed about every 23 000 years. [t was cle
African climate history had been one of continoous swit
tween wetler and drier times. Thal was nothing Hke a
sharp shift 1o a savanma.

These swings reflocted the known sensitivity of Afric
Asian monsoonal climates to the carth’s orbital wobble,
occurs as a regular 23,000-year cycle. The wobble chany
amaunt of sunlight hitting our planet ina given season. Foo
Africa and South Asia, more or less beat during the suma
creased or decreased monsoon rainfall, making these reg
ther much wetter or drier as our planet wobbled back and

Just how wet things got Is recorded in magnifioent rv
drawn between 10,000 and 5,000 years ago by humans
the most recent wet pesiod In North Africe. Art found acn
Sahara depicts lush landscapes filled with elephants, hip
amuses, giraffes, crocodiles and bands of bunters chasi
2elles. The Sshara was covernd with grass and trees; kake |
now overrun by sand dunes, were filled to the brim with
A swollen Nile River rushed into the esstern Mediterr
and black, onzanic-rich sediments alled sapropels accum
on the Mediterrancan seafloor. They alternated with whil
ers laid down during dry periods; a bar-cods message tel
African climate cycles reaching deep into the past, just |
changing dust kayers recovered from the Ambian Sex

THE LAST OF LUCY
surenmrosen o THise orbital wet-dry cycles were large
wward dry and open grasslands. Small patches of gras
firsl expanded in East Africa nearly cigit million years 3

Seprember 2004, SciencfcAmenican vus s
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FINDINGS

A Climate for Change

Two moments in aur evolutionary Rissory show a tantalizing
connection between dimate swings and the ife and death of
key members of our family tree. Starting just after theee milion
years ago, the species Auszralopithecus 26 ished, and
the groups Pasnchopis and Homo (our own gens) appeared.
During this period, changes in carbon isotope mtics from land
and ocean sediments show dry grasslands rapidiy expanded

230, Homo erectus, one of our direct ancestors, appeared and
migrated out of Adrica. Again, the carbon evidence shows
grassiands got another boost. Yet carbon in the teeth from

M. erecnus indicates the consumption of a mixed diet and an
abiity to find food from a varlety of sources even as gmsslands
enlarged. Paranthropus teeth, however, showed the group (like
an earfler extinct forebear, Kenyanthropas) was restricted to

and wetter woodlands shrank. Starting after two miflon years aating from grassy surroundings.
Ney Aty Octan Sediment Recced Land Sediment Record Carben from Hominin Testh
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vast grassy plains such as the Serengeti were only established
permanently after three million years ago. Just about this time,
our evolutionary history was given a joit as well.

We lost Lucy. Her extremely successful species, A. qfurensia,
had survived in Fast Africa for 00,000 years, starting at about 3.9
million ymrs xgo. But just under three million years ago, Lucy's
Kind disappeared from the fossil mcord.

Next the Feranthropus group appeared, followed 2.6 million
wears agp by the finst signs of stone choppers and scrapers and
then in a few hundred thousand years by carly Homo fossils

We know these changes in our family tree and in technologi-
cal invention happened during 2 shift in overall climate becanse
of some dever scientific detective work, tracing the fingerprints
left by some plants that flourished in wetter environments and
athers that thrived in dries times.

Savannas are apen tropical ecosy comp i of
and sedges, sametimes spotted with clusters of woody trees. Sa-
vanna grasses do very well in hot, dry regions because, to take
up carbon from the atmosphere, they use a specific photosyn-
thetic pathway aifled C4. This set of reactions is miserly with
carbon and water, an adaptation to Efe in dry and low-00z en-
vironments. Woody vegetation such as trees finds bomes in wet-
ter ecosystemns hecauase it uses another photosynthetic pathway
called C3, which requires much more water

SCENTIRIC AMERICAN ONUINE  JU dand o

Thare E Cerling and his colleages at the University of Utah
developed a2 way o reconstruct the vegetation history of an-
clent landscapes. Scme years ago researchers discovered that C4
grasses have a greater shundance of the heavier but ramer carbon
1 isotope relative to the lighter, more abundant carbon 12 iso-
tope. But C3 shrubs and woody plants have a lower carbon 112
ratio, The scientists discovered that they could take samples of
soil or nodules of rock from a given andscape, ammbere the car-
boa matios, and ase thesn to accurately estimate the percenitage of
C4 grasses versas C3 woody plants that were onoe in that aren

When they looked at the Fast Africun sediment from sites that
had yielded fossil hominins, the ressarchers leamed that East Af-
rican landscapes were predominantly G forest and shrublands
before cight million years agn. Afier that, the propartion of Cs
grassiands increased gradually. Then a refatively bage and fast
shift oocurred between three million and two milBon years ago.

During this shift, grasskands expanded rapidly acrss pres-
ent-day Kenya, Ethiopia and Tarzania. The spread was accom-
panied by a rise in the proportion of grazing mammals, shawn
by their abundant fossils. As thme ticked forwand, doser (o two
million years ago, African antelopes—their horms, whose differ-
ent shapes indicate different species, are well presecved—seem
10 have undergone extensive speciation, extinetion and adapta-
tion, rather like our hominin forcbears.
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SWIMMERS

UNDER PRESSURE

Jellyfish manipulate ph\sn(‘s to hoaugse
iz in the sea

the most efficient anig e
By Josh Fischman ~ 45000

Jellyfish never stop. Twenty-four hours a day,
seven days a week, they move through the water in
search of food such a5 shrimp and fish krvae, on jouneys
that can cover several kilometers a day. They are more
efficient than any other swimmer, using less energy for
their size than do gracefud dolphins or cruising sharks.
“Their cost of transport—the axygen they use to move—
is 48 percent lower than any other swimming animal,”
says Bradford J. G i, a marine biologist at the Uni-
versity of South Florida. By studying moon jellies, the
spedies Aovelia aurita, Germmell and cther researchers
have recently found that jellyfish pull off this feat by cre-
ating zomes of high and low pressure around their body
that alternately suck and push them forward.
Scentists once befleved that jellies traveled s0 easily
because they were light, mostly water. But warter has
mass, and mass 2l has to be moved. So Gemmall, with
enginoer John Dabiri of Stanford University and their col-
leagues, took a dose-up look. They put a jellyfish in a tank
and dropped tirry glass beads ino the water. By Hurminat-
ing the bends with kasers, they could track thelr move-
ments with a high-speed camera, essentially making the
water velocity and pressure visible around the animal.
When the animal contracted ks bell—the dome that
forms much of the jaliyfish body—it created lower pres-
sure cutside the bell and higher pressure within. Because
objects move from high to low pressure, the moon jelly
got pulled forward, the sdentists noted in November
ZMSthCannmdms
Then the researchers got a surprise. When the jelly
relmed the bell margin, letting &t flare cut, the high-pres-
sure water below the animal rose up imo the bell. “Iit gave
the moon jelly a secondary bump forward, even while it
relmed,” Gemmel says. To make these moves, the jelly
neads to fiex the bell margin up and down. Jellyfish have
muscles, but mast go around the bell ke a stack of b~
ber bands. That arrangement is good mainly for squeez-
ing. Rocertly, though, Richard Satterfie, a biclogist at
the University of North Carolina Wilmington, discovered
other musdes at the margin that stick out at angles.
Those fibers let the jelly bend its edge, moving water
3 around &, and make for a very effective swimmer. 1
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