! , E C
SC!ence News MAGAZINE OF THE SOCIETY FOR SCIENCE & THE PUBLIC

editor in chief Tom Slegfrled

EDITORIAL STAFF.managing editor Eva Emerson

sentor editor/policy Janet Raloff

assistant managing edftor Krlstina Bartlett Brody

news editor Elizaheth Quill  associate editor Emily Krieger

publisher Ellzabeth Marineola

astronomy Ron Cowen
behavioral scienses Bruce Bower
biomedicine Nathan Seppa
biotechnology Patrick Barry
earth sciences Std Perkins

Iife sciences Susan Millus

molecular bislogy Tina Hesman Saey

staffwriter Rachal Ehrenberg

wel specialist feditorial secretary
Gwendaolyn K. Glllespie

science writer intern Laura Sanders

DESIGN design director Bob Gray
assistant art directors Joshua Korendlat, Avik Nandy

ADVERTISING [ CIRGULATION associute publisher Jonathan Olsisky
advertising manager Judy Lewis West & Mid-Atlantic
cireulation manager Tosh Arimura
account executives Regan Plckett Midwest & South
Gragg Qehlet, Rich Cordere Oehler Media, Northeast
advertising/circulation assistant Kerwin Wilson  permissions Evora Swoopes

EDITORIAL, ADVERTISING AND BUSINESS OFFICES

1719 N Street NW, Washington, DC 20036 + Phone (202) 7852255
Subscriptions subs@sclencenews.org - Edltorlal/Letters edltors@sciencansws.org
Advertising/ Business snsales@sclencanews.org

Scleice News {ISSN 0036-8423) Is published biweskly, for $54.50 for 1, year of

$98 for 2 years {International rate $80.50 for 1 year or $161 for 2 vears) hy

Sooiety for Sclence & the Publle, 1718 N Street NW Washington, DC 20036.

Preferred perlodicals postage pald at Washington, DC, and an additional ma! IIng offlce.
Subscriptlon Department: PO Box 1205, Williamsport, PA 1.7703-1205,

For new subseriptions and customer servics, call 1-800-562-4413,

Postmaster: Send address changes to Sclance News, PO Box 1205, Witiamsport, PA 17703-
1205, Two to four weeks™ netice is required. OId and naw addresses, Including zlp codes,
must be provided, Copytlght © 2009 by Soclety for Sclence & the Publle. Title reglstered
as trademark U.S, and Canadian Patent Offices. Printed in U.S.A. on racyoled paper.

& Y SCCETY FOR
: SCIENGE & THE PUBLIC

BOARD OF TRUSTEES chairman Dudley Herschbach

vice chafrman Robert W, Fri secretary David A, Gaslin  members Deborah Blum,
Jeanette Grasselli Brown, Michela English, 5. James Gates Ir,, J. David Hann,
H. Robert Horvitz, Walter Isaacson, Shirley M. Maicom, Stephanle Pace Marshall,
Anna C. Roosevelt, Robert W. Shaw M., Frank Wilczek, Jennifer Yruegas
Elizabeth Marlncola, ex officio

EXECUTIVE OFFICE president Elizabeth Maringola
outreach director Jennifer Carter executive assistort Madeline Azoulay

FINANCE chieffinancial officer Greg Mitchell
accounting monager Lisa M. Proctar  senior accountant Sivakam! Kumaran

At Bureau of Creutabinns

EXTERNAL AFFAIRS director Rick Batas
membership and communications assoclate Nancy Moulding

EVENTS MANAGEMENT directorofevenis Calt Goidberg
events associate Matlsa Gaggi

SCIENGE EDUCGATION PROGRAMS director Michele Glidden

program inanager, Intel Science Talent Search Tzeitel Hieni

office manager june Kee program assoeiates Diane Rashid, Inny Kim,
Laurie Demsey, Tsharre Tention

INTERNAL OPERATIONS direcior Harry Rathmann

JSucilities maneger Paul Roger lsgistics manager Anthony Payne
program operations manager Christopher Brown

compuler prograruner-webmaster Thomas D. Smith

systems and network adminisirator James C. Moore

information technology specialist Gregory A. Sprouse

mail room elerks Ben Bryan, Randy Williams

Soclely for Salence & the Public Is & 501(¢)3 nonprofit corporatich founded Ih 1024,

The vislon of Saciety for Science & the Publlc is to promote the understanding and
apprediation of sclence and the vitel role & plays In human advancement: to Inform, educate,
Inspire. Visit Society for Sclence & the Public at www.socletyforsclence.org. Republication
of any portion of Sclence News without written permission of the publisher Is prohibited.
For permissicn to photocopy artlojes, contact Copyright Clearance Center at 978-750-8400
{phena) or 978-750-4470 (fax). Advertising appeating in this publicatlon does not
constitute endorsement af its cantent by Sclence News or Soclety for Science & tha Public.

FROM THE EDITOR

Modern biology owes
unpayable debt to Darwin

For any endeavor, identifying the great-
est practitioner of all time is almost
always contentious. Ask sports fans to
select the best hasehall player, and you'll
get alot of votes for Babe Ruth, but also
some for Ty Cobhb, Willie Mays and Ted
Williams (surely none for Barry Bonds,
though). Football aficionados might
name Jim Brown, Samrny Baugh, Red Grange or Jerry Rice.
Within the sciences, yow'll get similar disagreements. Physi-
cists would argue over Isaac Newton and Albert Einstein, with
perhaps a few votes for Niels Bohr. Mathematicians would

e Y

- divide their votes among Newton, Archimedes and Carl Gauss.

But then there’s biology. The greatest biclogist of all time?
There’s only one answer. Any other vote invalidates the voter
as unqualified. It's Darwin.

On the occasion of his 200th birthday (on February 12),
the world is celebrating the life and work of the man who
made modern biology possible. As geneticist Theodosius
Dobzhansky once so aptly proclaimed, “Nothing makes
sense in biology except in the light of evolution.” No scien-
tist’s birthday warrants more hullabaloo and hoopla. a

No doubt Darwin himself would be a bit uncomfortable
with all the fuss. Ie would have insisted that the facts he
chronicled, and the ideas he articulated to explain them,
deserved all the attention — not Darwin himself.

And so in this special issue marking Darwin’s birthday, our i
focus is on the science going on today that descended from \
Darwin’s original work. My account of his life (Page 18) serves
merely to introduce our staff’s reports on the multifaceted
aspects of evolutionary science occupying researchers now, as
Rachel Ehrenberg puts it, “in Iabs, on beaches and in bogs.”

Her report (Page 21) assesses some of the refinements in
Darwin’s work that scientists are still actively formulating,
on issues ranging from the rate at which evohition proceeds
to the definition of species. Tina Hesman Saey then explores
(Page 26) the evolutionary froentier on the molecular level, \
describing experiments tracking evolution in bacteria to shed '
light on its mechanisms and surprises. $id Perkins (Page 30)
recounts some recent tales told by the fossil record, showing
how gaps in that record are far from holes in Darwin’s theory,
but rather are places to look for intriguing new evidence,

All that leaves much unsaid about the vast diversity and
depth of evolutionary biclogy research today. So longer ver-
sions of these features, and additional features on other
evolutionary arenas, are availablée now on the Science News
website, www.sclencenews.org, All of these reports send the
message that Darwin’s life is worth celebrating — because the
science he started has survived and thrives.

—Tom Siegfried, Editor in Chief
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SPECIAL SECTION | DARWIN

Two centuries ago, mod
celebrated scientist of
and 1iving and thereby

ngland. He became the most
: hlstory from creatures extinct

e genesas of life’s dlversu:y Today his v1ew of evolution by nat-

ural selection forms the gre.of the scxéntlﬁc study of 11fe and his mode of th ought has earned its

own addition to the lex -

ntific and popular discourse. Dafwinian logic pervades the

sciences of life, from the spread of viruses to interactions between and within human cultures,
and has infiltrated other arenas as diverse as quantum physics and computer science. Far from
a relic in textbooks, Darwinism breathes vitality into biology on a broad spectrum of research
frontiers, inviting reflections on the life of, and the science made possible by, Charles Darwin.

In this special section

- An opening essay on Darwin (Page 18) exarmines his life and science,

followed by Evolution's Evolution (Page 21), an account of how
Darwin's ideas have changed since the publication of On the Grigin
of Species in 1859; Molecular Evolution (Page 26) describes experi
ments on evolution in hacteria; and Step-by-step Evolution (Page 30}
reparts on recent discoveries helping to fill gaps in the fossil record.

Wﬁb editl@ﬂ www.solencensws.org/darwin
Expanded versions of the articles featured hete as well as two
additional stories exploring evolutionary science today—Computing
Evolution and A Most Private Evolution—are available on the
Science News website in a speclal Darwin anniversary package.
FOR SUBSCRIBERS ONLY: Downicadable PDF files of the
complete Darwin Web editlon

Www.sclencenews.org
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American mainland and the nearby Galdpagos Islands,

By the time the voyage ended in October 1836, Darwin had
amassed a mental catalog of life’s diversities and subtleties
never before held in one head. Tt gave him alot to think about,

Sick at Down Darwins dispatches to England during
the Beagle trip made him a scientific celebrity by the time he
returned, and he hobnobbed with London’s elite. But soon ill
health drove him southeast of London to a rural home (known
as Down House) near the town of Downe.

For the rest of his life, Darwin suffered, almost daily, from a
mystery illness something akin to repetitive food poisoning,
Daoctors of his day couldn’t help him; modern diagnosticians
have speculated on avariety of dis-

orders, ranging from lactose intol-
erance to Crohn’s disease, .. the most
Whatever it was, Darwin’s ill- earthshaking ideas
ness, a curse to him, perhaps . . p
established the circumstances inthe }115'?301‘)7 of
subserving his scientific success. blOIOlg,‘lC al science &
Forced folive in the country, he ‘.‘ RT [
had no job and few distractions. remained unpubhu
He could devote h;s time to inves- cized. Darwin was
tigating nature in his own way. He ip
spent eight years studying every busy class l.f}ﬂl'lg
aspect of every species of barnacle, barnacles.
for instance. All that time he also

Feeding goase barnacle

read with a vengeance, compiling
and indexing detailed notes from book after book. He read
seience and philosophy and history and even trashy novels
{there should be a law, he said, against unhappy endings).
‘When Darwin opined, he knew what he was talking about, and
he knew what everybody else knew, too.

He knew so much that he could often see what others
couldn’t, and he could also reason about things without
wondering whether his suspicions would be supported by
observations —he knew what observations had already been
made, If they were insufficient, he made his own, growing
orchids, breeding pigeons, spying on earthworms.

Of all his reading, the most signal was the 1798 essay on
population by Thomas Malthus, which Darwin perused “for
amusement” in 1838, About 15 months earlier, Darwin hiad
begun a systematic investigation of “the species question,”
an issue at biology’s foundation. Conventional wisdom held
that species had been created individually and were immu-

1.2 bya 542 to 488 million years 488 to 444 mya 359 to 299 mya

First muiticelluiar ago (mya) (Ordovician pericd) {Carhoniferous period)

organisms {Cambrian period) Invertebrates —especlally A time of forests, swamps,
Time of the Cambrian arthropods and . ‘seed ferns, mosses, lyco-
explosion, when diversity mollusks—dominate the pods and the origin of the

S

appear.

Tritobites, common in
Cambyrian seas

of life-forms balloons sed. First land piants amnlote egg. Insects are

abundant.
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By Tom Siegfried

Charles Darwin was
born into aworld that
today’s scientists
wouldn’t recognize.

When baby Darwin arrived on February 12,1809, modern
science was also in its infancy, Dalton had just recently articu-
lated the modern theory of the chemical atom, but nobody
had any idea what atoms were really like. Physicists had not
yet heard of the conservation of energy or any other laws of
thermodynamics. Faraday hadn’t yet shown how to make elec-
tricity from magnetism, and no one had a clue about light’s
electromagnetic identity. Geology was trapped in an ante-
diluvian paradigm, psychology hadn’t been invented yet and
biology still seemed, in several key ways, to be infused with
religion, resistant to the probes of experiment and reason.
Then came Darwin. By the time he died in 1882, thermo-
dynamics possessed two unbreakable laws, chemistry had
been codified in Mendeleyev’s periodic table, Maxwell had
discovered the math merging electricity and magnetism to
explain light. Lyell had established uniformitarianism as
the basis for geology, Wundt had created the first experi-
mental psychology laboratory, and science had something
substantial to say about how life itself got to be the way it
was — thanks to Darwin’s perspicacious curiosity, intellec-
tual rigor, persenal perseverance and power of persuasion.
Superlatives are commonplace in accounts of Darwin’s
life. “An intellect which had no superior, and with a charac-
ter which was even nobler than the intellect,” wrote Thomas
Henry Huxley, Darwin’s champion in the original evolution
debates. More recently Stephen Jay Gould called Darwin
“the Muhammad Ali of biology.” But all Ali did was fight.
Darwin was more like Willie Mays —he could hit, hit with
power, run, field and throw, Translated to science, Darwin
could read, reason, experiment, theorize and write —all as
well or better than any of his contemporaries. Several sci-

From the beginning...

Milestones in the history of life and evolutionary science

entists before Darwin had expressed the idea of evolution,

. some even hinting about the role of selection. But none had

the wherewithal to perceive the abundance of evidence for
evolution, deduce its many nuances, explain its mechanism,
foresee and counter the many objections, and articulate it so
convincingly to the world.

And even had Darwin never written aword about evolution,
e would be remembered today as one of the 19th century’s
premier botanists, a superb entomologist and prominent geol-
ogist. He was aleading authority on carnivorous plants and
coral reefs, pigeons and bees, earthworms and orchids, beetles
and barnacles (especially barnacles). And yet he was never
educated to be a scientist and held no academic position. All he
brought to the scientific table was his brain. What abrain.

Woe unto the beetles Inhisyouth, Darwin was

an average student but an avid reader. He had an early inter-
est in observing and collecting, mainly beetles and butterflies.
(“Woe unto the beetles of South America, woe unto all tropi-
cal butterflies,” a friend wrote in advance of Darwin’s famous
seavoyage.) When it came time for higher education, Darwin
headed to Edinburgh, a few hundred kilometers north of his
birthplace in Shrewsbury, England, to study medicine. Soon
discovering that he couldn’t stand the sight of blood, Darwin
headed back south to Cambridge, to prepare for the clergy,a
profession in which blood wouldn’t be such a problem.

His heart was not in religion, though, and his Cambridge
years exposed him to other intellectual pursuiis - lectures on
botany, for instance, fieldwork with geologist Adam Sedgwick
and friendships cultivated with biologists like John Stevens
Henslow. Darwin’s interest in science was stirred while read-
ing books by the German savant Alexander von Humboldt and
the English astronomer J ohn Herschel, which irnbued in him
“g burning zeal to add even the most humble contribution to
the noble structure of Natural Science,” Darwin wrote later.

Henslow was perhaps the first to see in Darwin the makings /

of an uncommon scientist, and recommended him to serve
as naturalist on the exploration voyage of the Beagle. During
that ship's leisurely gircumnavigation of the globe, Darwin
spent five years observing the planet’s diverse life, ifs sundry
geological formations and rich fossil record of life long gone.
Darwin's eye saw more than what met it. He remarked on the
variations between fossils and living forms, on the similari-
tieg of animals separated by vast distances and on the subtle
differences and relationships among organisms on the South

L

4.8 billion years ago (bya)
Origin of solar system
and Earth

By 3.9 bya

Meteorite bombardment of
Earth ends. Evidence
suggests presence of life.

Stromatoiite formed by §
fossilized ovanobacterla

3.5 bya

Evidence for presence of
cyanobactetia, which
eonduct photosynthesis

2.7 bya

Disputed avidence for
presence of eukaryotes,
first cells with GNA
encased in a membrane-
bound nucleus

communities
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table. Some thinkers, though (including Darwin’s grandfather,
Erasmus), believed otherwise. While on the Beugle, Darwin
began to suspect that immutability was not correct {though
he was unimpressed by grandpa’s book, judging it to have an
excessively high ratio of speculation to fact). But the idea of
natural selection had not yet entered the grandson’s mind.

Malthus helped. Population, unchecked, would grow
uncontrollably and run out of resources, he wrote. Scarcity
kept populations in check; not all who were born could survive
to reproduce. Darwin recognized in this account the “struggle
for existence” he had observed in all manner of plants and
animals. “It at once struck me that under these circumstances
favorable variations would tend to be preserved and unfa-
vorable ones to be destroyed,” he wrote in his autobiography.
“The result of this would be the formation of new species.
Here, them, T had at least got a theory by which to work”

By 1842 he had prepared a rough 35-page outline (in pen-
cib) of his evolutionary ideas, expanded by 1844 to a 230-page
manuscript. In a letter to his wife, he allowed that his theory
would be “a considerable step in science,” if it ever were to
be accepted “even by one competent judge.” He asked in that
letter that she be sure to publish the manuscript if he died
before getting around to it himself, He did show it to a couple
of colleagues, but otherwise the most earthshaking ideas in
the history of biological science remained impublicized.
Darwin was busy classifying barnacles.

By 1854 he had begun spending most of his time on the
species question, and in 1856 the geologist Lyell warned him
to publish soon, before another naturalist anticipated him.
Sure enough, two years later Alfred Russel Wallace, working
in Indonesia, arrived at nearly the same notion — that
species developed over time as small variations accumu-
lated, with favorable ones enhancing survival. For counsel
and comment, Wailace sent his paper to — Darwin.

Dismayed, Darwin sought advice from Iyell, Wallace’s idea
deserved to be published. Could Darwin now dare publish
himself, without appearing to be stealing Wallace’s discovery?

Lyell and Henslow brokered a compromise. Wallace’s paper
would be read to the Linnean Society, and so would an extract
of Darwin’s 1844 manuscript, at one session, with Liyell and
Henslow vouching that they had indeed seen Darwin’s work
years earlier. Wallace was acknowledged, but Darwin’s claim
to priority was preserved, That hardly mattered, though. It
was Darwin’s artful reasoning and marshaling of the evidence
that established evolution by natural selection, ag presented

in his masterwork, On the Origin of Species. Published in

1859, it electrified the scientific and intellectual world, evok- -
ing the prejudicial condemnation that afflicts most great new
insights, but also filling the open-minded with food for centu-

ries’ worth of future biological thought,

Asimple solution For so momentous a problem,
Darwin’s solution seems elegantly simple, although also so
subtle that its exposition is often badly mangled, Offspring
differ slightly from their parents and each other (descent
with modification), making some “fitter” than others in the
struggle for existence (survival of the fittest). Over periods of
time unimaginably long, the small changes from generation to
generation accumulate, mutating one species into others. On
smaller scales, over shorter times, such accurmulated changes
can be seen in various breeds of dogs or pigeons or plants,
often induced by the artificial selection of particular traits by
human breeders. On evolutionary scales of millions of years,
the selection driving the appearance of new species is natural.

Some scientists (such as Huxley) saw the (ruth in Darwin’s
views immediately; others came to agree gradually. Many, of
course, disagreed bitterly, But most of the “rebutials” of evolu-
tion, even today, merely raise points that Darwin anticipated
and countered. Gaps in the fossil record? To be expected,
Darwin explained, because the geological recard was so imper-
fect, as if only a fow pages remained from only the most recent
voluine in the entire encyclopedia of the Earth’s history.

Today Darwin’s original idea has been borrowed by investi-
gators in diverse disciplines, from psychology to computer
science. Even in physics, the word “Darwinian” appears in
papers on thermodynamics, quantumn physics and black holes.
Within biology, Darwin’s ideas have themselves evolved. Spe-
ciation isi’'t always gradual, change isn’t always the result of
selection, organisms are not the only units of selection, evolu-
tionists now believe. Darwin foresaw some of these views, and
he would have embraced them afl —as a man of science willing.. p
“to give up any hypothesis, however much beloved ... as soon i
as facts are shown to be opposed toit,” in his words, “If I know
myself, I work from a sort of instinet to try to make out truth”

And in the battle to wrest truth from nature, none fought
better than Darwin. “He found a great truth,” Huxley wrote in
Darwin’s obituary, “trodden under foot, reviled by bigots, and
ridiculed by ail the world; he lived long enough to see it, chiefly
by his own efforts, irrefragably established in science, insepa-
rably incorporated with the common thoughts of men.” £

251 mya 251 to 65 mya

Earth's largest mass (Mesozoic era)

extinction event oceurs at This era includes the age
the entl of the Permian of gymnosparms (plants
pertod. Most marine and with seeds) and the age
of reptiles, Its subdivi
sions are the Tilassic
{extinction survivors,
including dinosaur ances-

are wiped out, along with
many plants and insects,

tors, recoionize); the 65 mya
Jurassic (dinosaurs); and
the Cretaceous (end of the  extinctions of marine life
age of the dinosaurs).
First flowering plants
appear (130 million to
125 million years ago).

Asteroid hits Earth. Mass

and some terrestrial life,
including dinosaurs
(ancestors of modern
birds). The age of
mammals begins.
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