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A resource from Mot ure for those wishing to spread
awareness of evidence for evolution by natural selection.

Henry Gee, Rory Howlett and Philip Campbell®

15 ENOLUTION ARY GEMS

M ost bicd ogists take for granted the idea that all life evolved by natural selection aver billions of years. They get
an with researching and teaching in disciplines that rest squarely an that found ation, secure in the knowled ge
that natwral selection is a fact, in the same way that the Earth orbits the Sunis a fact

Given that the conce pts and realities of Darwinian evalution are still challenged, albeit ranely by biologists, a
succinct briefing on why evalution by natural selection is an empirically valid ated principle is wseful for peaple
to have to hand. We offer here 15 exarnples published by Matwre over the past decade or so to illustrate the
breadth, depth and power of evolutionary thinking, We are happy to offer this resource freely and encourage

its free dissermination.
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GEMS FROM THE FOSSIL RECORD

1 Land-living ancestors of whales

Fassils offer crucial dues for evolution, becanse they reveal the aften remarkable forms of creatures long
vanished from Earth. Some of thern even document evalution in action, recording creatures moving from ane
environment to ancther,

Whales, for example, are beautifully adapted to life in water, and have been for millions of years. But, like us,
they are mammials. They breathe air, and give birth to and suckle live young, Yet there is good evidence that
mammals criginally evobved on land. If that is so, then the ancestors ofwhales must have taken to the water at
some point

As it happens, we have numerous fossils from the first ten million years or so of whale evelution. These indude
several fossils of aquatic creatures such as Amindocetus and Pakicetus, which have characteristics now seen
anly in whales — espedially in their ear anatomy — but also have limbs like those of the land-living mammals
from which they are cleardy derived. Technically, these hybrid creatures wene already whales. What was
missing was the start of the story: the land-living creatures from which whales eventually evaolved.

Wierk published in 2007 might have pinpointed that group. Called racellids, these now-extinct creatures
wotlld hawe looked like very small dogs, but were rmore dosely related to even-toed ungulates — the group that
includes madern-day cows, sheep, deer, pigs and hippos. Maolecular evidence had also suggested that whales
and even-toed ungulates share a deep evolutionary connection.

The detailed study, by Hans Thewissen at Mortheastern Ohio Universities Colleges of Medicine and Pharmacy
in Rootstown and his colleagues, shows that one racellid, Indokyus, is similar to whales, but unlike other even-
toed ungulates in the structure of its ears and teeth, the thickness of its bones and the chemnical composition

aof its teeth. These indicators suggest that this raccoon-sized creature spent much of its time in water. Typical
racellids, however, had a diet nothing like those of whales, suggesting that the spur to take to the water may
have been dietary change.

This study demonstrates the existence of potential transition forms in the fossil record. Many other exarmples
could have been highlighted, and there is every reason to think that many others await disc overy, especially in
groups that are well represented in the fossil record.
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GEMS FROM THE FOSSIL RECORD

2 From water toland

The animals we are most familiar with are tetrapods — they are vertebrates (they have backbones) and they
live on land That includes humans, almost all domestic animals and most of the wild ones that any child
would recognize: mammals, birds, amphibians and reptiles. The vast majority of vertebrates, however, are not
tetrapods, but fish. There are more kinds of fish, in fact, than all the species of tetrapods combined. Indeed,
through the lens of evolution, tetrapads are just one branch of the fish family tree, the members of which just
happen to be adapted for life cut of water.

The first transition from water to land took place more than 360 million years ago. It was one of the most
demanding such moves ever made in the history of life. How did fins become legs? And how did the
transiticnal creatures cope with the formidable dernands of land life, from a desiccating environment to the
crushing burden of gravity?

Itused to be thought that the firstlandlubbers were stranded fish that evelved to spend more and more time
ashore, retuming to water to reproduce. Crver the past 20 vears, palaecntologists have uncovered fossils that
have turned this idea upside down. The earliest tetrapads, such as Acanthostega from eastern Greenland
around 365 million years age, had fully formed legs, with toes, but retained imternal gills thatwould soon have
dried out in any long stint in air. Fish evobved legs long before they came on land. The eadiest tetrapods did
mast of their evabving in the more forgiving aquatic environment. Comning sshore seems to have been the very
last stage.

Researchers suspect that the ancestors of tetrapods were creatures called elpistostegids. These very large,
carnivorous, shallow-water fish would have locked and behaved much like alligators, or giant salamanders.
They looked Like tetrapods in many respects, except that they still had fins. Until recently, elpistostegid s were
known only from small fragments of fossils that were poorly preserved, so it has been hard to get a rounded
picture of what they were like.

In the past couple of years, several discoveries from Ellesmere s and in the Munavut region of northern
Canad a have changed all that. In 2006, Edward Daeschler and his colleagues described spectacul arly well-
preserved fossils of an elpistestegid known as Tikfaalik that allow us to build up a good picture of an aquatic
predator with distinct sirnil arities to tetrapods — from its flexible neck, to its very limb-like fin structure,

The discovery and painstaking analysis of Tiktaal# lluminates the stage before tetrapods evolved, and shows
how the fessil record throws wp surprises, albeit ones that are entirely compatible with evaluticnary thinking.
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GEMS FROM THE FOSSIL RECORD

3 The origin of feathers

Ome of the ohjections to Charles Darwins theory of evolution was the ladk of “transitional fomns inthe fossil
recond — forms that illustrated evolution in action, from one major growp of animals to another. However,
hardly a year after the publication of Ow the Owigin of Species, an isalated feather was discovered in Late
Jurassic (about 1 50 million years old) lithegraphic limestones of Solnhofen in Bavaria, followed in 1841 by the
first fossil of Archaeopieryx, a creature with mary primitive, reptilian features such as teeth and a long, booy
tail — butwith wings and flight feathers, justlike a bird

Although Archaeopieryx is cornmonly seen as the eadiest known bird, many suspected that itwas better
seen & a dinosaur, albeit one with feathers. Thomas Henry Huxdey, Darwing colleague and friend, discussed
the possible evaolutionary link between dinesaurs and birds, and palascnto ogists speculated, ifwildly, that
dinosaurs with feathers might one day be found.

In the 19808, deposits from the eady Cretacecus period (about 125 million years ago) in the Liacning
Province in northem China vindicated these speculations in the most dramatic fashion, with discoveries of
primitive birds in abundance — alongside dinosawrs with feathe rs, and feather-like plumage. Starting with the
discovery of the small theropod Sinosauropieryxby Pei-ii Chen from Chinas Nanjing Institute of Geology and
Palaeontol ogy and his colleagues, a variety of feather-dad forms have been found. Many of these feathered
dinosaurs could not possibly have flown, showing that feathers first evalved for reasons other than flight,
possibly for sesanal display or thermal insulation, for instance, In 2008, Fucheng Zhang and his colleagues from
the Chinese Acadermy of Sciences in Beijing announced the bizame creatwre Epidexipteryx, asmall dinosaur
dad in downy plumage, and sporting four long plames from its tail. Palasontalogists are now beginning to
think that their speculations werent nearly wild enough, and that feathers were indeed quite commen in
dinosaurs.

Thee discovery of feathered dinosawrs not only vindicated the idea of transiticnal formes, but al so showed
that envolution has a way of coming up with a dazzling variety of solutions when we had no idea that there
were even problems. Flight conld have been no mone than an additional opportunity that presented itself to
creatures already dothed in feathers.
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4 The evolutionary history of teeth

Ome motivation in the study of development is the discovery of mechanisms that guide evolutionary change.
Kathryn Kavanagh at the University of Helsinki and her colleagues investigated just this by locking at the
mechanisms behind the relative size and number of molar teeth in mice. The research, published in 2007,
uncovered the patiern of gene expression that governs the development of teeth — rmelars emerge from the
fromt backwards, with each tooth smaller than the last,

Thiz beauty of the study lies in its application. Their model predicts the dentition patterns found in mouse-
likee resdent species with various diets, providing an exarmple of ecologically driven evolution along a
developmentally favoured trajectory. In general, the work shows how the patiern of gene expression can be
madified during evolution to produce adaptive changes in nahural systems
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The origin of the
vertebrate skeleton

W owe much ofwhat makes us hiuman to rernarkable tisswe, found only in embryos, called the newral crest
Mewral-crest cells ernerge in the developing spinal cord and migrate all aver the body, effecting a rerarkable
series of transformations, Without the newral crest, we would nothave most of the bones in our face and nedk,
ar marry of the features of our skin and sensory ergans. The newral crest seems to be unique to vertebrates, and
helps to explain why vertebrates have distinctive "heads’ and faces?

Untangling the eveluticnary history of the newral crest is especially hard in fossil forms, as embryonic data are
abwioushy absent Ome key moystery, for example, is how rowch of the vemebrate skull is contributed by neural-
crest cells and how much comes from deeper layers of tissue,

Mew techiniques have allowed researchers to label and follow individual cells as embryos develop, They have
revesled the boundaries of the bone derived from the neural crest, down to the single- cell level, in the neck and
shoulders. Tisswe derived from the newral crest anchors the head onto the frontlining of the shoulder girdle,
whieneas the skeleton forming the back of the neck and shoulder grows from a deeper layer of tissuwe called the
mesoderm.

Such detailed mapping. in living anirnals, casts light on the evelution of structures in the heads and necks of
animals long extinct, even without fossilized soft tissue such as skin and musde. Skeletal similarities that result
from a shared evolution ary history can be identified from muscle attachments, This allows the tracing of, for
exarmple, the lacation of the major shoulder bone of extinct land vertebrate ancestors, the cleithnum. Thisbane
seems to survive as part of the shoulder Blade (scapula) in living mammals,

This kind of evclutionary scan ray have immediate clinical relevance. The parts of the skeleton identified
by Toshiyukd Matsueka from the Wolfson Institute for Biomedical Besearch in London and his colleagues as
being derived frorn the newral crest are specifically affected in several developmental disorders in humans,
providing insights into their crigins,

Matsuckas study shows how a detailed analysis of the morphalogy of living animals, informed by evalutionary
thinking, helps researchers to interpret fossilized and now-extinct forms.
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6 Natural selection in speciation

Evoluticnary theory predicts that divergent natural selection will often have a key mole in speciation. Working
with sticklebacks (Gasterosteus aculaaius), Jeffrey McKinnon at the University of Wisconsin in Whitewater
and his colleagues reported in 2004 that reproductive isalation can evalve as a by-product of selection on
bady size. This work prowides a link between the build-up of reproductive isclation and the divergence of an
ecclogically important trat,

Thiz study was done on an extraordinary geographical scale, irvolving roating trials bebween fish taken in
Alaska, British Calumbia, Iceland, the United Kingdorn, Morway and Japan. It was underpinned by molecular
genetic analyses that provided firm evidence that fish that have adapted to living in streams had evolved
repeatedly from marine ancestors, or from fish that live in the ocean but retum to fresh water to spawn. Such
migratory populations in the study had larger bodies on average than did those living in strearns, Individuals
tended to mate with fish of a similar size, which accounts well for the reproductive isolation between different
stream ecotypes and their dose, seafaring neighbours,

Taking into account the evolutionary relationships, a comparison of the various types of stickleback, whether
stream or marine, strongly supports the view that adaptation to different ervircnments brings about
reproductive isclation. The essarchers’ experiments also confirmed the connection between size divergen ce
and the build-up of reproductive isclation — although traits other than size also contribute to reproductive
isclation to some extent.
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7 Natural selectionin lizards

A popular eveluticnary hypothesis is that behavioural shifts in new environments negate the effects of natural
selection. Butwork by Harvard University’s Jonathan Losos and his colleagues in 2003 lends litde support to
this theory. The researchers introduced the large ground-dwelling predatory lizard Ledocephalus carimmus to
six srnall islands in the Bahamas, with six other islands serving as contrals. They found that the lizard's prey,

a smaller lizard called Awolis sagred, spent more time higher up in the vegetation on islands occupied by the
larger predator than they did on the islands where L. corimaiis was absent. But mortality in A, sagrei was still
much higher on the experimental islands than on control islands,

The presence of the larger predator selected for longer-legged male A. sagrei lizards, which can run faster,

and also favoured larger fernales, which are both faster and harder to subdue and ingest. The researchers did
not detect any selection on size in males; they suggested that the larger males may have been more vulnerable
bexcause of their conspicuous territorial behaviour

Thiz study shows how the introduction of a predator can canse individuals of a prey species to change their
behavicur so as to reduce the risk of predation, but also cause an evolutionary response at the level of the
population that differs between the sexes according to their ecology.
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8 A case of co-evolution

Species evalve together, and in competition. Predators evolve ever deadlier weapons and skills to catch prey
which, as a result of Darwins cancnical struggle for existence’, become better at escaping thern, and so the
arms race continwes. In 1973, evoluticnary biclogist Leigh Van Valen likened this to the Red Queen’s comment
to Alice in Lewis Carrolls Throwgh the Looking Glass, "it takes all the running you can doy to keep in the

sarne place. [fyou wantto get somewhere else, you must nan at least twice as fast as that!” The "Red Queen’
hypothesis of co-evalution was bom.

A problermn with studying Red-Queen dynamics is that they can be seen only in the eternal present.
Diiscowvering their history is problematic, because evalution has generally obliterated all earlier stages.

Happily, Ellen Drecaestecker from the Catholic University of Lewven in Belginvm and her colleagues discovered
a remarkable excepticn, in the co-evelutionary armms race between water fleas {Daphwmia) and the microscopic
parasites that infest them;, their research was published in 2007, As the water fleas become better at evading
parasitism, the parasites become better at infecting them. Both prey and predator in this systemn can persist

in dormant stages for many years in the mud at the bottom of the lake they share. The sediments of the lake
can be dated to the year they were formed, and the buried predators and prey can be revived. Thus, their
interactions can be tested, against one anather, and against predators or prey from thedr relative pasts and
fuhires

Confirming theoretical expectations, the parasite adapted to its host ower a period of only a few years. Its
infectivity at any given time changed lite, but its virulence and fitness rose steadily — ratched at each stage
by the ability of the water fleas to resist them.

This study provides an elegant esample in which a high-resalution historical record of the co-evalutionary
process has provided an affirmation of evolutionary thecry, showing that the interaction of parasites and their
hosts is not set in time butis instead the result of a dynamic arms race of adaptation and counter-adaptation,
driven by natural selection, from generation to generation.
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Differential dispersal
in wild birds

Gene flow cansad, for instance, by migraticn, can disrupt adaptation to local conditions and oppose
evoluticnary differentiation within and between populations, [ndeed, dassical population genetics theory
suggests that the maore that local popul ations migrate and interbree d, the mone genetically similar they will
bie. This concept seems to accord with common sense, and it assumes that gene flow is a random process, like
diffusion. But nan-random dispersal can actually favourlocal adaptation and evolutionary differentiaticn, as
Ben Shelden of the Edward Grey Institute of Field Ornithology in Creford, UK, and his colleagues reported i
2005,

Their wark was part of a multi-decade study of the great tits (Parss major) that inhabit a wood in Codiordshin
UK. The researchers found that the amount and type of genetic varation in nestling weight in this songhird
differs from one part of the wiood to ancther. This pattern of variation leads to varying responses to selection
in different parts of the wood, leading to local adaptation. The effect is rinforced by non-random dispersal;
individual birds select and breed in different habitats in a way that increases their fitness. The authors conclw
that "when gene flow is not homogeneons, evolutionary differentiation can be rapid and can ocour aver
surprisingly small spatial scales”

In ancther shady of great tits on the island of Vlieland in the Netherlands, published in the same jssue of
Nizteere, Erik Pastma and Arie van Noo rdwijk from the Netherl ands Institute of Ecalogy in Heteren fownd the
gene flow, mediated by non-rand cm dispersal, mainteins a large genetic difference in clutch size at a small
spatial scale, again dlustrating, as these scientists put it, “the large effect of immigration on the evolution of
lecal adaptations and on genetic population strachime”,

Faferanecna
Gaond, D Kak LEE Wl T A Mt wrg P ML & Sheldon, B C Ao 8 T, G0 45 CTRE L
Eeatres L oo bleaycbetb 8 JAnm 0L GEGIU TS

W LT L L 0 TS el LS o T

0 3000 Fserril L Publl shern Lt 80 righis remeread

I ATURE faruaiary 200 ek 1EVHEE, e o O T4 15 EVOLUTIONARY GEMS

GEMS FROMHABITATS

Selective survival
inwild guppies

Matural selection favours traits that increase fitness, Ower time, such selection might be expected to exhaust
genetic variation by driving advantageous genetic varants to fixation at the expense of less advanageons or
deleterions variants, In fact, natural populations often show large amownts of genetic variation. So how is it

maintained?

An exarnple is the genetic palymorphism seen in the colour patterns of male guppies (Poeclia reticuliata). As
reparted in 2004, Kimberdy Hughes from the University of Hlinois at Urbana-Champaign and her colleagues
manipul ated the frequencies of males with different colour patterns in three wild guppy populaticns in
Trinidad. They showed that rare variants have much higher survival rates than more commoen ones, In
essence, variants are faveured when rare, and selected against when commaon.

Such frequency-de pendent survival, in which selection favowrs rare types, has been implicated in the
maintenance of maolecul ar, morphelogical and health-related palymorphisms in humans and other mammals,
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1 1 Evolutionary history matters

Evaluticn is often thought to be about finding optimal solutions to the problems that life throws up. But
natural selection can only work with the materials at hand — materials that are themselves the results of many
millions of years af evclutionary history. [t never starts with a blank slate. If that were the case, then tetrapeds
faced with the task of maving on land would not have had their fins transform into legs; they might perhaps
have evolved wheels.

A real-life case of the ingenuity of adaptati on concemns a moray eel (Meraema retifens), along, snake-like
meef predator. Historically, bony fish use suction to catch their prey. A fish approaching food opens its mouth
wide to create a large cavity into which prey and water flood. As the excess water leaves through the gills,

the fish sucks the prey down into its throat and pharymgeal jaws, a second set of jaws and teeth derived from
the skeleton that supports the gills. But morays have a problem because of their elongated, narrow shape.
Even with their jaws agape, their mouth cavity is too small to generate enough suction to carry prey to their
pharyngeal jaws The solution to this conundrum was documented in 2007,

Through careful observation and X-ray cinemnatography, Fita Mehta and Peter Wainwright from the
University of Califormia, Diavis, discovered evalution’s breathtaking sclution. Rather than prey coming to the
pharyngeal jaws, the pharyngeal jaws move forwards inte the mouth cavitg trapping the prey and dragging it
backward s This, the researchers say, is the first described case of a vertebrate using a second set of jaws to both
restrain and transport prey, and is the enly known alternative to the lydraulic prey transport re ported in most
bany fish — a major innovation that could have contributed to the success of moray eels as predators,

The mechanics of the moray’s pharyngeal jaws are reminiscent of the ratchet mechanisms used by snakes
— also long, thin and highly predatory creatures. This is an instance of convergence, the evoluticnary
phencmenon in which distantly related creatures evolve simdlar selutions to commoen problems.

This study demonstrates the contingent natune of evalution; as a process it does not have the luoary of
‘designing from scratchl
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1 2 Darwin's Galapagos finches

When Charles Darwin visited the Galapagos [dands, he recorded the presence of several species of finch th at
all lecked very similar exce pt for their beaks, Ground finches have deep and wide beaks; cactus finches have
leng, pointed besaks; and warbler finches have slender, painted beaks, reflecting differences in their respective
diets. Darwin speculated that all the finches had a cornmon ancestor that had migrated to the islands. Close
relatives of the Galapagos finches are known from the South American mainland, and the case of Darwins
finches has since become the classic example of how natural selection has led to the evalution of a variety of
forms adapted to different ecological niches from a commoen ancestral species — termed ‘adaptive radiation
This idea has since been reinforced by data showing that even small differences in the depth, width or length of
thee beak can have major consequences for the overall fitness of birds

To find out what genetic mechanisms underdie the changes in beak shape that mark each species, Harvard
Universitys Arhat Abzhanoy and his colleagues examine d mumerous genes that are switched on in the
developing beaks of finch chicks; their study was published in 2006 The researchers discovered that shape
differences coincide with differing expression of the gene for calmodulin, a maolecule imvolved in calcium
signalling that is vital in many aspects of development and metabolism. Calmodulin is expressed more
strangly in the long and pointed beaks of cactus finches than in the more robust beaks of other species.
Artificially boosting the expression of calmodulin in the embryonic tissues that give rise to the beak causes
an elongation of the upper beak, similar to that seen in cactus finches. The results show that at least some of
the variation in beak shape in Darwins finches islikely to be related to varistion in calmodulin activity, and
imiplicates calmodulin in the development of craniofacial skeletal structures more generally.

The study shows how biclogists are going beyond the mere documentation of evoluticnary change to identify
the underlying molecular mechanisms.
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Microevolution
meets macroevolution

Darwin conceived of evolutionary change as happening in infinitesimally small steps. He called these
“insensible gradations, which, if extrapolated over long pericsds of time, would result in wholesale changes
af forrn and function. There is a mountain of evidence for such small changes, called micreevclution — the
evolution of drug resistance, for instance, is just cne of many documented examples.

We can infer from the fossil record that larger species-to-species changes, or macroevalution, also acowr, but
they are naturally harder to cbserve in action. That said, the mechanisms of macroevolution can be seen in the
here-and-now, in the architecture of genes. Sometimes genes imvolved in the day-to-day lives of crganisms are
connected to, or are even the same as, those that govern major features of animal shape and development. So
everydayevolution can have large effects.

Sean Carrall from the Howard Hughes Medical Institute in Chevy Chase, Maryland, and his colleagues looked
ata malecul ar mechanism that contributes to the gain of a single spoton the wings of male flies of the species
IDyvosophila Biermidpes; they reported their findings in 2005, The researchers showed that the evolution of this
spot is connectad with moedifications of an ancestral regul atory element of a gene invalved in pigmentation.
This regulatory elerment has, over time, acquired binding sites for transcription factors that are ancient
components of wing development. One of the transcripticn factors that binds specifically to the regulatory
element of the yellow gene is encoded by engrailed, a gene fundamental to development as a whole.

This shows that a gene irvalved in one process can be co-apted for another, in principle driving
macroevedutionary change.
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Toxin resistancein
snakes and clams

Biologists are increasingly coming to understand the molecular mechani sms that underlie adaptive
eveluticnary change. In some populations of the newt Tiaricha granulosa, for example, individuals acoumul ate
the nerve poison tetrodotoxin in their skin, apparently as a defence against garter snakes { Thamraophs sirtialis),
Garter snakes that prey on the newts that produce tetrodotoxin have evolved resistance to the toxin. Through
painstaking work, Shana Geffeney at the Stanford School of Medicine in California and her colleagues
uncovered the undedying mech anism; their shady was published in 2005 Variation in the level of resistance of
garter snakes to their ne wt prey can be traced to malecular changes that affect the binding of te trodetoxdn to a
particular sodium channel.

Similar selection for toxin resistance apparently ocours in softshell dams (Mwe @renaria) in areas of the North
Arnerican Atlantic coast, as reported by Monica Bricelj at the Institute for Marine Biosciences in Mova Scatia,
Canada, and her colleagues in the same issue of Natwre. The algae that produce Ted tides’ generate saxitoin
— the canse of paralytic shellfish poisoning in hurnans. Clams are exposed to the toxin when they ingest the
algae. Clams from areas subject to recurrent red tides are relatively resistant to the toxin and accwmulate it in
thedr tisswes. Clams from unaffected areas have not evolved such resistance.

Resistance to the toodn in the exposed populations is cormelated with a single mutaticn in the gene that encodes
a sodium channel, at a site already irmplicated in the binding of sacitcodn. It seernslikely, therefore, that the
saxitootin acts as a potent selective agent in the dams and leads to genetic adaptation.

These two shidies show how similar sele ctive pressures can lead to similar adaptive responses even in very
different taxa.
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1 5 Variation versus stability

Species can remaadn mostly unchanged for millions of years, long enough for us to pick wp their traces in the
fossil record. But they change, too, and often very suddenly. This has led some to wonder whether species
— usually those developing along specific tracks — stone the patential for sudden change under the hood,
unleashing a flood of otherwise hidden variation at times of ervironmental stress — variation on which
selection can act

This idea of such evolutionary capacitance’ was first mooted by Suzanne Futhe fiord and Susan Lindquist in
startling experiments on fruitflies. Thedr idea was that key proteins irvabved in the regulation of developmental
processes are ‘chaperoned’ by a protein called Hsp®) that is produced more at times of stress. On occasion,
Hap20 iz overwhelmed by other processes and the proteins it normally regulates are left to nan free, producing
a welter of otherwise hidden variation.

Awiv Bergroan from the Albert Einstein College of Medicine in Mew York and dark Siegal at Mew York
University explored whetherevalutionary capacitance is particular to Hsp Q0 or found more generally; their
stiwdy was published in 2003, They used mumerical simul ations of complex gene netwarks and genome-
wide expression data from yeast strains in which single genes had been deleted They showed that most, and
perhaps all, genes hold variation in reserve that is released only when they are functicnally compromised. In

other words, it looks as if evalutionary capacitance might go wider and deeper than Hsp%.
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Global Darwin: Contempt for competition

Darwin's idea of the 'struggle for existence’ struck a chord with his fellow countrymen. But Russians rejected
the alien metaphor, says Daniel Todes, in the second of four weekly pieces on reactions to evolutionary theory.

n On the Origin of Species, Charles
Darwin acknowledged his intellec-
tual debt Lo the Reverend Thomas
Robert Malthus. That debt had radi-
cally different consequences for his
British and Russian readers.

In An Essay on the Principle of
Bopulation, as it Affects the Future Improve-
ment of Society (1798), Malthus argued against
believers in social progress by citing an inexo-
rable natural law: population tends to increase
geometrically and food supply only arithmeti-
cally. These imbalanced progressionslead toa
“struggle for existence” in which the winners
prospered and the losers suffered privation
and premature death. Nature itself decreed
that human misery was inevitable.

By Darwin’s day, Malthus’s theory had
entered the mainstream of British thought.
Pondering possible mechanisms of evolution
in 1838, the 29-year-old Darwin picked up
Malthus’s essay. Never a full-throated Malthu-
sian in his political attitudes, he nevertheless
adapted Malthus’s idea to his science. “As
more individuals are produced than can pos-
sibly survive,” he explained in On the Origin
of Species (1859), “there must in every case be
astruggle for existence, either one individual
with anolher of the same species, or with the
individuals of distinct species, or with the
physical conditions of life. It is the doctrine
of Malthus applied with manifold force to the
whole animal and vegetable kingdoms?™

Darwin recognized that he was using the
term “struggle for existence in a large and
metaphorical sense” to encompass a variety
of natural relations that one wouldn't neces-
sarily conceive of as a battle: not just two dogs
fighting over a scrap of
food, but also a plant seck-
ing moisture in the desert,
or the dependence of one
being on another.

For Darwin and other
leading British evolution-
ists, this appealed to common sense. Living
on a crowded island with a capitalist economy
and highly individualist culture, struggle for
existence did not seem a metaphor at all, but,
rather, a simple and eloquent description of
nature and society.

Russians, however, lived in a very different
land. Their own cultural values and experiences

Darwin200

“In the Siberian expanse,
only the struggle of
organisms against a harsh
environment was dramatic.”

would lead them to reject Darwin's
Malthusian metaphor. This in turn
affected a wide range of research —
from studies of the mutual aid among
migrating fish to a Nobel prizewin-
ning theory of inflammation and
immunity — and echoed well into
the twentieth century, perhaps even playing a
partin the enthronement of Lysenkoism. This
Russian response provides a striking exam-
ple of the way in which metaphors — and the
experiences and cultural traditions that they
capture — shape scientific thought.

The experiences of leading Russian natu-
ralists were in many ways opposite to those of
Darwin and his fellow proposer of evolution
by natural selection, Alfred Russel Wallace.
The two men shared seminal field experiences
in densely populated tropical environments.
The contest between organisms seemed
obvious there. Most Russian naturalists, by
contrast, investigated a vast under-populated
continental plain. For them, nature was notan
“entangled bank” — the image Darwin took
from the Brazilian jungle. It was a largely empty
Siberian expanse in which overpopulation was
rare and only the struggle of organisms against
a harsh environment was dramatic.

Cultural divide
Russia’s economy, political structure and culture
also contrasted sharply with those in the United
Kingdom. Capitalism was only weakly devel-
oped and political supporters of the two most
important classes, rich landlords and peasants,
spoke the language of communalism — stress-
ing not individual initiative and struggle, but the
importance of cooperation within social groups
and the virtues of social
harmony. Russian political
commentators of the left,
right and centre reviled
Malthus as an apologist for
predatory capitalism and
soulless individualisn.
The cultural gulf between the two lands was
captured by demographer and biologist Nikolai
Danilevskii’s summary of the British character
in his book Russia and Europe (1869). The typi-
cal Englishman, he wrote, “accepts [struggle]
with all its consequences, demands it as his
right, tolerates no limits upon it”. In his two vol-
umes on Darwinism (1885, 1889), he catalogued
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their passion for individualistic
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cooperation. Darwin too had called attention
to such cooperation, but the theory of mutual
aid went further. It held that the central aspect
of the struggle for existence is an organism’s
struggle with abiotic conditions, that organ-
isms join forces in this struggle, that such
mutual aid is favoured by natural selection,
and that cooperation so vitiated intraspecific
competition as to render it unimportant in
the origin of new species. Often voiced in
the 1860s and 1870s by lay intellectuals and
scientists of every political stripe, this view
was first systematized by St Petersburg Uni-
versity's ichthyologist Karl Kessler, whose oral
presentation On the Law of Mutual Aid (1879)
transformed this widespread sentiment into a
staple of Russian evolutionary thought,

Anarchistic association
Westerners, however, soon came to associate
this view with one of Kessler's admirers, the
exiled anarchist prince Peter Kropotkin. In a
mirror image of the Russian response to Dar-
win’s invocation of Malthus, western Europeans
often dismissed the theory of mutual aid as a
simplistic expression of Kropotkin's anarchism.
Yet Kropotkin's critique of Darwin’s Malthu-
sianism had originated in 1862-67, long before
he became a committed anarchist. He had trav-
elled through Siberia with a series of military
and commercial expeditions, traversing more
than 80,000 kilometres in the same role of
gentleman-observer that had taken Darwin,
decades earlier, to the tropics. Already an evo-
lutionist, Kropotkin read Origin in the Siberian
wilderness, and found the emphasis on over-
population and intraspecific competition
unconvincing. Asan exile in England years later,

A
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an appalled Kropotkin read Huxley’s “atrocious
article” on The Struggle for Existence in Human
Society (1888). His responses, brought together
in Mutual Aid: A Factor of Evolution (1902),
reflected the basic logic of the Russian national
style, just as Huxley’s essay reflected that of his
own homeland.

The struggle for existence remained a
preoccupation for Russian evolutionists well
into the 1920s and 1930s. Among them was
Georgii Gause, who developed the ‘competi-
tive exclusion principle' (which held that no two
species could share the same ecological niche in
astable environment). His laboratory experi-
ments and mathematical analyses confirmed
the importance of intraspecific competition,
contrary to the traditional Russian consensus.

In 1948, Joseph Stalin himself encouraged
Trofim Lysenko to add an extensive critique
of Darwin’s “Malthusian error” to Lysenko’s
landmark speech about his own ‘creative’
Darwinism. As a young revolutionary at
the turn of the century, Stalin had read Dar-
win and taken an interest in evolutionary
theory. Lysenko’s doctrine, which was forci-
bly imposed on Soviet biology from 1948 to
1964 by Stalin and his minions, endorsed the
Lamarckian inheritance of acquired character-
istics, rejected the gene as a material unit of
heredity, and denied the evolutionary role of
overpopulation and intraspecific competition.
The long-standing Russian critique of Darwin's
Malthusianism did not cause Lysenkoism,
but it seems possible that, by influencing
Stalin, it contributed to this tragedy.

A different metaphor caused Darwin prob-
lems in his native land. Wallace remarked, in
his article Mr. Darwin’s Metaphors Liable to

s

Misconception (1868), that the Malthusian
progressions and struggle for existence were
self-evident “facts”. Yet because natural selection
seemed to personify a perceptive and forward-
thinking selector, or god, he urged Darwin to
replace the term with “survival of the fittest”.

Darwin, however, had brushed him off.
“Every one knows what is meant and is implied
by such metaphorical expressions,” he had
demurred. "And they are almost necessary for
brevity.”

On this point Darwin was surely mistaken.
Metaphors are brief, but they are fruitful and
powerful precisely because they are not clear.
They propose open-ended associations that
acquire specific meaning only in the mind of
individuals who consider for themselves, based
on their experiences, how precisely existence is
a ‘struggle an animal is a ‘machine’ or DNA a
‘code’ Those associations and meanings often
have a cultural component.

Researchers bring their life experiences and
culture with them into the field and labora-
tory, and in the course of their investigations
actively originate, interpret, develop and reject
metaphorical pathways. As is shown by the
reception of Darwin’s theory in Russia, the
deployment and criticism of metaphors are
part of the ineffably human process by which
scientists mobilize their experiences and values
to explore the infinite complexity of nature. m
Daniel Todes is at the Institute of the History of
Medicine at Johns Hopkins University, 1900 East
Monument Street, Baltimore, Maryland 21205, USA.
Heis currently completing a biography of lvan Paviov,
e-mail: dtodes@jhmi.edu
For further reading, see go.nature.com/c8Abz5
For more on Darwin see www.nature.com/darwin
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Global Darwin

o other nineteenth-century

scientist possessed Charles Dar-

win's global renown. Between
the appearance of On the Origin of
Species in 1859 and The Descent of
Manmn, and Selection in Relation to Sex
some 12 years later, his works were
discussed in scores of languages. Darwin noted
in his autobiography, published in 1887, that the
theory was debated as far afield as Japan, and
added with some surprise that he'd even seen an
essay on the Origin in Hebrew showing that "the
theory is contained in the Old Testament!

His worldwide fame was, In part, thanks to
technology. The first telegraphic cables were
laid across the Atlantic Ocean floor around the
time the Origin was published, and the next
two decades saw Europe connected in the same
way to India, China and Australasia. Mean-
while, mechanical advances in paper making
and printing helped to move ideas across the
globe at record speeds.

Yet the main reason for the worldwide success
of Darwin’s ideas was the ease with which they
were assimilated into local traditions of thought
— as the example of the Jewish attempt to
reconcile science with scripture hints. Although

Darwin himself may have found such recon-
ciliation surprising, it was certainly not as
unusual as he might have imagined. Scholars
from Calcutta to Tokyo and Beijing constructed
their own lineage for the theory of evolution by
natural selection, tracing it to older and more
familiar schools of thought and dlaiming owner-
ship of what they saw as the precursors to these
ideas. Although some, particularly in Europe,
saw Darwin as a weapon beating down religious
beliefs, around the world he was as much a force
for religious resurgence and revivification as for
religious scepticism. Even nineteenth-century
Muslim thinkers reconciled Darwinian ideas
with their own past religious and philosophical
texts; which may seem ironic, given the rise of
Muslim creationists today.

Cosmic order
Take as one example the work of Chinese
scholar Yan Fu. In the late 1890s, Yan pub-
lished a popular translation of Thomas
Huxley’s Evolution and Ethics in which he
reinterpreted both Huxley and Darwin in the
light of Confucian ethical debates.

Huxley, one of Darwin’s most vocal
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- Eastern enchantment

People from Egypt to Japan used Darwin's ideas to reinvent and reignite their core philosophies and religions,
says Marwa Elshakry in the first of four weekly pieces on how evolution was received around the world.

supporters, had argued that humans
acted against the natural order of
things when putting the interests
of others above themselves. But for
Yan, this gloomy view of nature ran
counter lo what he understood to be
Darwin’s — and Confucius’s — belief
in the perfectibility of the cosmic order. Echo-
ing older Confucian ethical debates while
drawing on his own reading of Darwin and
other Victorian naturalists, Yan argued that
selfishness and selflessness were part of the
natural order, and that each has its place in
the journey towards an ideal state: the key is

to achieve the right balance between the two.
This was how Darwin effectively gave Yan, and
many of Yan's readers, new licence to endorse
one of Confucianism’s ethical prescriptions.
Darwin's ideas were similarly used by late-
nineteenth-century Bengali intelligentsia to

Muslim writings from the tenth and eleventh
centuries referred to a hierarchy of beings,
from minerals to flora and fauna, and even
argued that apes were lower forms of humans
— more evidence for nineteenth-century Mus-
lims that Darwin’s theory was ‘nothing new’.

Empire and evolution

One of the driving forces behind many of
these scholars’ work was a desire to push back
against the forces of Western imperialism. At
the height of European imperial power, claims
about white superiority were widespread. In
response, defenders of non-Western faiths
drew attention to the greater rationality of
their creeds to defend themselves against
Western charges of backwardness and super-
stition. Many were keen to show that their
traditions, unlike those of Western Europe,
accepted, reinforced or had even anbicipated

support long-standing Hindu cosmological
beliefs. Some of these thinkers wrote of how
modern theories of positivism (the idea that
true knowledge is that based on verifiable
sensory experience) and evolutionism had ech-
oes in Hindu theories of creation.

For example, Satish Mukherjee, a leading
member of the Indian Positivist Society, saw
Samkhya, one of the oldest schools of Hindu
philosophy, as a precursor to the modern
view of evolution. Under Samkhya, the world
unfolds as a result of a continual cycle between
creation and dissolution:
consciousness, self or
spirit becomes realized in
matter and then separated
from it, and so on. These
cycles are seen to account
for the creation of species
as well as for the evolution of different stages
of the Universe. For Mukherjee, as for many
later Indian thinkers, Samkhya was therefore
the theory of evolution applied to the entire
€oSmos.

Muslim readers found their heritage in
Darwin’s theory too, Supporters and crit-
ics pointed out that Muslim philosophers
had long referred to the idea that species or
‘kinds), as the Arabic term anwa’suggests,
could change over time. For this reason the
great classics of early Muslim philosophy and
cosmology were almost always cited whenever
Darwin was discussed in Arabic, Farsi or Urdu.

the findings of modern science. By embracing
Darwins ideas, they emphasized that Christi-

By embracing Darwin's
ideas, they emphasized that
Christianity alone was in
conflict with science.”

anity alone was in conflict with science.

Muhammad Abduh, the Grand Mufti of
Egypt, for instance, was worried about the
inroads that missionaries had made into the
educational system of the Muslim Ottoman
lands. ITe was also tired of critics pointing to
Islam’s supposed inability to accommodate
modern pedagogy and science. In Science and
Civilization in Christianity and Islam (1902),
Abduh argued that, in contrast to Christianity,
Islam was free of the con-
flict with science that had
so violently plagued Chris-
tian civilization in Europe.
To stress this difference, he
repeatedly wove references
to Darwin and evolution
into lectures on the exegesis of the Koran.

Although many used Darwin to highlight
the glory of their founding civilizations, they
also co-opted his theory to explain their falling
behind the Western world in modern times. It
was seen as a way to explain both the rise of the
West’s technological and imperial superiority
in the present, and the path to success for the
rest of the world in the future.

At the height of the scramble for Africa in
1899, for instance, the Egyptian intellectual
and women's-rights advocate Qasim Amin
warned that “Western civilization, speeded
by steam and electricity, is advancing and
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has expanded from its origins to all parts of
the earth”. The weak, he warned, would be
unable to survive the onslaught. For civil serv-
ant Amin, this meant that social reform was
needed. ‘Self-strengthening’ state reformers
in Korea and Indian nationalists in the early
twentieth century felt much the same way, and
they too turned to evolution’s advocates for
instruction while pushing key governmental
reforms. Of course, the battle cry of intellectu-
als was not always heeded.

In promoting political ‘evolution] most of

Darwin’s proponents outside Europe sub-
scribed not to revolution, but to change of a
very gradual sort, mimicking the step-by-step
slow change of natural selection.

Hiroyuki Kato, an instructor of law at the
Tokyo Imperial University, used Darwin’s
theory to defend Japan’s imperial rule at the
beginning of the twentieth century. At that
time, a rise of democratic movements was
challenging the power of the Emperor Meiji.
Kato, who also gave weekly lectures to the
Emperor on constitutional and international
law, supported a strongly centralized imperial
line of rule. He found in Darwinism a new lan-
guage in which to dress his arguments and a
scientific explanation for why radical change
wasn't the answer to Japan’s problems.

Kato reinterpreted Darwin’s 'struggle for life
as a slow, steady ‘struggle for ethics’ The ethic
he favoured could be counted as part of the
samurai principle of selt-sacrifice, which in
this case he took to mean absolute allegiance
to the Emperor above all other commitments.
Just as through death the samurai was said
to become the perfect winner, so the ulti-
mate victor in the struggle for ethics was the
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martyr dying for the sake of something bigger.

This demonstrates another characteristic
common to non-European responses to Dar-
winism: the real question most saw lurking
behind the theory of evolution was whether one
could draw a moral code from nature. For Kato
as for so many others, mere survival was not
enough to comprise a true ethics — evolution-
ary or otherwise. There had to be something
beyond life to give life itself a purpose. As Mus-
lim reformer Muhammad Igbal later put it, the

main problem with Darwin’s view of evolution
was that it gave death ‘no constructive mean-

ing’ Perhaps for this reason, many attached
their own meanings and linked Darwin to long-
standing ethical systems of their own.

Paragon of scepticism?

If the ease with which Darwin’s ideas were
assimilated into local traditions of thought
is little known today; it is because much of
the discussion about Darwin in the West has
focused on the supposed clash between his
theory of evolution and Christianity. Cer-
tainly, ever since 1859, Darwin’s name has been

Darwin was to risk endangering one’s soul.

Yet in truth, things were never this simple.
Darwin was indefinite and at times incon-
sistent on the question of religion in his own
writings. He famously left the ultimate origin of
species ambiguous in the last line of the Origin
— speaking of the power of life as ‘originally
breathed’ into one or several forms, deploying a
key Christian metaphor for creation — and he
often conveyed himself as an agnostic in his let-
ters. Not all Christians recoiled from Darwin’s
ideas; some Protestants and Catholics believed
that they too could reconcile their doctrines
with his theory and were spurred to revisit
their own interpretation of scripture.

Then, as now, Darwin meant different things
to different people. Globally, he was not so much
arevolutionary or a scourge of faiths, as he was
a revivitier of traditions. He straddled worlds
between the moderns and the ancients, giving a
new lease of life to ancient philosophers, ethical
debates and even dynastic loyalties.

In an age in which advocates of intelligent
design battle to have evolution removed from
classrooms, we would do well to recall how

invoked by supporters of the forces of science
in their battle against religion, and the image
of Darwin as a paragon of religious scepticism
has helped him to become an enduring icon of
the modern sciences.

Darwins theory did indeed help to sharpen
the sense of a boundary between ideas of
science and of religious faith, For disciples
such as Huxley, Darwin’s empirical approach
offered a way to distinguish knowledge from
belief, or fact from fiction. The Church of Eng-
land, along with many other establishments,
fought back: bishops preached that to believe

Darwin once captured and captivated the
world — not by ridding it of the forces of

enchantment, faith or even God, but by revi-
talizing traditions of belief and re-enchanting

50 many. B

Marwa Elshakry is associate professor of history
at Columbia University, 611 Fayerweather Hall,
New York, New York 10027, USA, and is the
author of the forthcoming Reading Darwin in the
Middle East (University of Chicago Press).

See Editorial, page 1173. Furtherreading
accompanies this article online. For more on
Darwin see www.nature.com/darwin
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Los Angeles
“Tar Yields

“Mammoth’s
“Skeleton

By EDWARD WYATT

LOS ANGELES — The excava-
tion for a parking garage near the

- La Brea tar pits here has yielded

-
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the site’s first intact mammoth
skeleton as well as a trove of oth-
er bones that could double the
size of the site’s already large col-
lection of fossils from the last ice
age.
Researchers from the George
C. Page Museum, at the tar pits in
Hancock Park, announced the
find on Wednesday, although mu-
. seum excavators have been re-
:p_ert‘mg online about the recently
~uncovered fossils for several

‘; onths.

. Most of the material is in 23
. crates of tar, clay and mud that
vere removed in 2007 during the
- digging of an underground park-
_ing garage at the Los Angeles
- County Museum of Art, which
" also sits next to the tar pits.
«. Page Museum officials have

. begun to excavate only three of
| *those containers and expect that
#.it will take at least five years to
«_sort through all the material. The
L+ tontainers, which were removed

from the garage site by an inde-
pendent excavator hired by the
art museum, were turned over to
the Page Museum about six
months ago, said John Harris,
chief curator at the Page.

The first and largest of those
containers has already yielded
more than 700 measured speci-
mens, said Christopher Shaw,
collections manager at the Page.

~ Among them are the skull and

her bones of a prehistoric
merican lion, a species that is
zlieved to have been about one-

THE NEW YORK TIMES NATIONAL THURSDAY, FEBRUARY 19, 200¢

The mammoth named Zed by scientists was among hundreds
of fossils found in a 2007 excavation at the La Brea tar pits.

third larger than present-day Af-
rican lions, as well as bones of
dire wolves, saber-tooth eats,
ground sloths, bison and other
animals.

The mammoth, which excava-
tors have named Zed, is an adult
male that died in its late 40s. It
was found in a separate part of
the garage site from the other
tar-encased fossils and is com-
plete except for a rear leg.

Anthony D. Barnosky, a profes-
sor of integrative biology at the
University of California, Berke-
ley, and a curator at the Universi-
ty of California Museum of Pa-

leontology, said the La Brea tar
pits were already known to have
produced one of the world’s best
collections of animals that lived
in the late Pleistocene epoch,
which ended about 11,000 years
ago.

Dr. Harris said the museum
was particularly excited about
the collections of smaller items
found among the larger bones, in-
cluding plants, insects and mol-
lusks. That material was often
discarded during early excava-
tions of the La Brea area as re-
searchers were eager to pick out
the large mammal bones.




SCIENCE EDUCATION

New Texas Standards Question
Evolution, Fossil Record

New science standards for Texas schools
strike a major blow to the teaching of evolu-
tion, say scientists and educators who last
week tried unsuccessfully to block the adop-
tion of last-minute amendments aimed at pro-
viding an opening for the teaching of cre-
ationism. The standards incorporate talking
points from the intelligent design literature,
including doubt that the fossil record pro-
vides convincing evidence of evolution. Sup-
porters of the new standards, who prevailed
on 27 March by a vote of 13 to 2, say the next
step will be to press publishers to modify
biology textbooks.

“I think the new standards are wonderful,”
says Don McLeroy, chair of the Texas Board
of Education and a dentist who claims that
*dogmatism about evolution™ has sapped
“America's scientific soul.” McLeroy believes
that biology texts, to meet the new standards,
should include “an evaluation of the sudden
appearance of fossils” and “an explanation of
stasis or how certain organisms stay the same

Dogged. Texas school board chair Don Mcleroy and member
Gail Lowe supported textbook language questioning evolution.

over time.” He also wants the textbooks to
declare there is no “scientific explanation for
the origin of life”” and that “unguided natural
£ processes cannot account for the complexity
of the cell.”
E McLeroy is anticipating the state’s adop-
tion in 2 years of new biology textbooks.
E Because Texas is the second-largest text-
é book market in the United States, publishers
have a strong incentive to be certified by the

board as “conforming 100% to the state's
standards,” says Dan Quinn of the Texas
Freedom Network in Austin, which has cam-
paigned to keep creationism out of the sci-
ence classroom. Quinn cited the example of
a high school textbook on health education
that was stripped of anatomical line draw-
ings and references to sexuality and contra-
ceptives before it was submitted for board
approval in 2004.

Quinn and his colleagues thought they had
won a major victory earlier in the 3-day meet-
ing when the board voted to strike from the
existing standards the requirement that teach-
ers present the “'strengths and weaknesses™ of
evolutionary theory. But the next day, conser-
vatives won support for a similar phrase that
calls on teachers to “analyze, cvaluate, and
critique scientific explanations in all fields of
science by using empirical evidence, logical
reasoning, and experimental and observa-
tional testing, including examining all sides
of scientific evidence of those scientific
explanations so as to encourage criti-
cal thinking by the student”

The new language covers two hot-
button topics. Teachers will now be
required to have their students “ana-
lyze and evaluate scientific explana-
tions concerning the complexity of the
cell” and “analyze and evaluate the evi-
dence regarding formation of simple
organic molecules and their organiza-
tion into long complex molecules hav-
ing information such as the DNA mol-
ecule for self-replicating life.” Stu-
dents will also be expected to “analyze
and evaluate a variety of fossil types
such as transitional fossils, proposed
transitional fossils, significant fossil
deposits with regard to their appear-
ance, completeness, and alignments
with scientific explanations in light of
this fossil data.”

The creationists were “dogged.” says
Eugenie Scott of the National Center for Sci-
ence Education in Oakland, California. "It
was like you put the stake in the heart of the
vampire and it comes back” Moderates on the
board may have failed to recognize the final
amendments as intelligent design talking
points, she added, because they were focused
on the “strengths and weaknesses™ clause.

~YUDHIJIT BHATTACHAR]EE
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The creationists were “dogged,” says
Eugenie Scott of the National Center for Sci-
ence Education in Oakland, California. "It
was like you put the stake in the heart of the
vampire and it comes back.” Moderates on the
board may have failed to recognize the final
amendments as intelligent design talking
points, she added, because they were focused
on the “strengths and weaknesses” clause.
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Eugenie Scott Toils in Defense of Evolution

As executive director of the Califormia-based
National Center for Science Education,
anthropologist Eugenie Scott has spent the
past 2 decades on the frontlines of the con-
tentious battle over teaching evolution in
U.S. public schools. She doesn’t confine her-
self to the classroom and courthouse: Every
year, she and geologist Alan Gishlick lead a
rafting trip through the Grand Canyon,
teaching a general audience about the sci-
ence and natural history of the canyon and
comparing the evidence with the creationist
cxplanation of its origins.

Last week, Scott won the inaugural
Stephen Jay Gould Prize from the Society for
the Study of Evolution, only weeks after Sci-
entific American ranked her among the coun-
try’s top 10 science and technology leaders
for her sclf-described role as “Darwin’s
golden retriever.” Scott spoke to Science last
week about where things now stand.

-YUDHI]JIT BHATTACHAR]EE

Q: How has this battle changed in the past
20 years?

E.S.: The enemy has become more diverse.
When I started, it was just creation science.
Now we have creation science, intelligent
design [ID], and straight-up antievolution
in the form of “evidence against evolu-
tion.” It used to solely be a K—12 issue.
Now we are seeing that it crops up fre-
quently in community colleges and even
4-year colleges.

Q: What's the current situation in the
various states? :

E.S.: Besides periodic assaults on science
standards as we recently saw in Texas, we
are concerned about antievolution legisla-
tion in different states under the guise of
academic freedom bills. Just in the last few
weeks, antievolution bills awaiting deci-
sions in a number of states—Oklahoma,
South Carolina, Alabama—died in com-

da'id N _'.h:."’ [ . A ks 254
Hard facts. Eugenie Scott leads rafting trips
through the Grand Canyon.

mittee. Louisiana passed antievolution leg-
islation last year; we’re now waiting to see
how it plays out. We are also sceing closet
creationism being introduced through
wording not obvious to those unfamiliar
with the history of the controversy.

Q: Why has the ID movement survived the
2005 Dover trial?
E.S.: ID proponents have repackaged ID

CREDIT: EDWARD COTTER
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SOURCE

and are promoting it as “evidence against
evolution.” The Discovery Institute, an 1D
think tank, has published Explore Evoly-
tion that quotes a “number of problems”
with evolution that they would like taught
in biology class. Of course, these are stan-
dard creationist arguments.

Q: Why hasn’t the general public rejected
ID?

E.S.: Only 40% of adult Americans under-
stand the nature of a scientific experiment.
Remember that ID is primarily a market-
ing strategy to the general public, and
unless that is directly opposed, people are
going to be miscducated about science.
We don’t have to worry about medical
schools teaching that AIDS is a curse from
God, but we have to worry about teachers
teaching well.

Q: Why is it important to teach evolution?
Can't doctors and most life scientists do
their jobs without accepting evolution?

E.S.:You can be a mechanic without under-
standing the niceties of the internal com-

bustion engine. [But] wouldn’t you rather
£0 to a mechamnic who has the big picture?

Q: What should scientists do to help the
cause?

E.S.: Universities need to do a better job of
teaching evolution because that’s where
high school teachers get their training.
Evolution needs to be brought into every
course of biology instead of getting tacked
on as a unit to the intro class.

What university scientists should not
do is to force students to choose between
religion and science. If a professor were to
say that evolution proves there is no God,
that’s not just bad philosophy of science, it
ensures that a significant number of stu-
dents will stick their fingers in their cars,

When explaining biological questions,
such as the cvolution of the eye, there is no
need to say that God had nothing to do with
it. It’s an irrelevant comment. I don’t think
a classroom is an appropriate place to try
to create more atheists any more than it is
an appropriate place to create more funda-
mentalist Christians.
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A secular religion

Should evolutionism be viewed as a modified descendant of Christianity?

The Evolution-Creation Struggle
Michael Ruse

Harvard University Press: 2005. 336 pp.
$25.95,£16.95

John Hedley Brooke
Few disputes have generated as much emo-
tion, bitterness and incomprehension as the
enduring conflict between darwinians and
their creationi Those ¢
with classical Christian theology know that the
doctrine of Creation speaks of the ultimate
dependence of everything on a transcendent
power: it doesn't need supernatural conjuring
tricks to account for each new species. Even
Charles Darwin's ‘bulldog, T. H. Huxley,
insisted that the theory of evolution had no
book of Euclid. Why then, and in North Amer-
ica especially, has there been such a highly
polarized, emotive and undiminished debate?

In The Evolution-Creation Struggle, Michael
Ruse tries to explain this puzzling cultural
phenomenon. He is well known as a commit-
ted darwinian philosopher, experienced in
guiting claims that creationism and ‘intelligent
design’ can be a form of science. His aim in
this book, however, is not to attack but to
understand. For that he wisely turns to history
— specifically to the history of evolutionary
theory itself and the cultural contexts in which
it was forged, refined and publicized.

The purpose of Ruse’s ad dly stream-

biologists, “evolution was their
profession.. .evolutionism  their
obsession”. From the earliest
prominent evolutionists (Erasmus
Darwin, Jean-Baptiste Lamarck
and Robert Chambers) to latter-
day darwinians such as Richard
Dawkins, proponents of biological
evolution have tended to be deists
or free-thinkers who have self-
consciously rejected Christianity,
only to replace it with a substitute
system that presumes to answer
the same basic questions.

As justification for treating
evolutionism as a religion, Ruse
observes that it supplies a story
about origins; it reaffirms a unique
role for humans in shaping the
future; it has not uncommonly
made moral prescriptions (some,
such as eugenics, now blacklisted);
it has opposed other religious
systems; and, with recurrent insis-
tence on progress, it has its own
view of how the world might end.
Strl.bngly the language used b}'

of an evol
woﬂd -view underlines its n:hgwus
character. Ruse quotes Dawkins:
“All the great religions have a place

Mo need for conflict: T. H. Huxley b that
theory has no implications for belief in God,

lined history is to identify two divergem

H Yot

and religion, he claims. There

r:sponsesloncnsmln(:' istianity arising
from Enligh One

wasabdm‘sysicm mwhld'lahlgh\nluem
placed on social and intellectual progress, into
which ideas of biological progress (and even-
tually a science of evolution) would comfort-
ably fit. The other wasa ion of

is a sense in which it is an intra-family feud,
and this explains its bitterness.
Superficially this may sound
if not perverse, Surely scientific theories of
evolution cannot be paraded as examples of
ligious belieft Of course not. But Ruse has in

Christianity itself, 'hythe angel
ical spirit of Metk dism, a def attitude to

mind a distinction between evolution as a fact,
lution as a theory that offers mechanisms

l.heaulhmtynftheﬂlble and a mill

for evoluti y chmge ami ‘evoiuﬁonism'

—a h world-view

vision in which, after testing man’s d
God would allow the return of Christ for a
1,000-year rule of a perfected human society.
Ruse’s argument is that these antithetical
responses graduated into the two competing
world-views that lie at the heart of the con-
temporary conflict. His thesis leads to a radical
conclusion. Although we are used to speaking
of a conflict between science and religion, to
do so misses the point; it is rather a conflict

imbued with \raluesaswrll as a strictly sci-
entific narrative. It is evolutionism that has
repeatedly functioned as a secular religion,
nﬂ‘enng scdumw images of progress and
ds of enquiry
into doctrinaire assertions about what can and
cannot be believed about the meaning of
human existence.

Ruse asserts that for many evolutionary

¥ for awe, for ecstatic transport at
the wonder and beauty of creation.
And it's exactly this feeling of
spine-shivering, breath-catching awe — almost
worship...that modern science can provide”
Ruse makes no secret of his admiration for
E. O. Wilson, whose call to repentance on the
subject of biological diversity reminds him of
an old-time preacher.

Whether a secular world-view should prop-
erly be described as ‘religious’ is ultimately a
matter of definition, In reflective moments,
Ruse opts for the qualified ‘quasi-religious’
Ultimately, his justification for such labels
stems from an insight that I first encountered
in E. L. Tuveson's study Millennium and Utopia
(University of California Press, 1949). This
is that the modern idea of progress arose in

h-century E: hrough a secu-
larization of millenarian thealngy Biblical
texts were reinterpreted to suggest that
through human effort, including scientificand
technological innovation, the Earth could be

@ s
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Darwinism; Gradualism; Modern Syntk esis; Episodic;
Punctational; Directed Evolution |

II) Evidences for Evolution

A) The fossil record

clocks

B) Geological time
C) Taxonomy

D) Homologous organs




I) Genetics/artificial selection



For humans, the value of having an appendix seems to be negligible and, given the prevalence of
appendicitis, having an appendix can even be dangerous. This gut attachment has long been
thought to be a remnant of the time when hominids ate a high proportion of plant matter that
neaded fermentation before digestion. More recently, the appendix has been proposed to play a
role in the immune-mediated maintenance of symbiotic bacteria in the gut. On the basis of com-
parative anatomical and phylogenetic approaches, Smith et al. now contend that the appendix is
a specialized organ for harboring symbiotic bacteria essential for health. Diarrhea was a common
hazard during hominid evolution. Because the opening to the appendix is constricted, it may
escape colonization by bacterial pathogens. Bacterial symbiont reconstitution after diarrhea can
be achieved rapidly from the populations harbored in the appendix. Thus, far from being useless,
positive selection may well have acted to maintain the appendix. — CA

J. Evol. Biol. 22, 1984 (2009).
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A) Scientific: The fossil record
1) Chicago conference on macroevolution - 1980
2) gradualism rejected !

language of doubt: stasis; punctational; episodic;
chromosomal speciation; quantum speciation

3) suﬁival advantage ;of eérly mutatlons ??
4) Did blegenems occur early enough?
B) Halachic
1) randomness; probability; entropy and hashgacha

2) Jewish calendar vs time-clocks of radioactive
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A list of authors and thetr afflllatzons appears at the end of the paper

" We present a draft genome sequence of the platypus, Ormthorhynchus anatmus Thls monotreme exhlblts a fascmatmg
combination of reptilian and mammalian characters. For example, platypuses have a coat of fur adapted to an aquatic
lifestyle; platypus females lactate, yet lay eggs; and males are equipped with venom similar to that of reptiles. Analysis of the
* first monotreme genome aligned these features with genetic innovations. We find that reptile and platypus venom proteins

. have been co-opted independently from the same gene families; milk protein genes are conserved despite platypuses laying
¥ eggs and immune gene family expansions are directly refated to platypus biclogy. Expansions of protein, non-protein-coding

! RNA and microRNA families, as well as repeat elements, are identified. Sequencing of this genome now provides a valuable
' resource for deep mammalian comparative analyses, as well as for monotreme biology.and conservation.

The platypus (Orr:irfmrhyndm& anatinus) has alWays elicited excite-  electro-sensory system in the bill to help locate aquatic invertebrates
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CRACKING THE WHIP The first complete
structure of a bacterial flagellar motor
shows this quintessential macromolecular
nanomachine poised for action. Obtained
by electron cryotomography of intact

fg—_a I 2 ™~ I e = B —

The flagellar motor, seen from above (left) and below.

Treponema primitia cells, the structure
reveals 16-fold symmetry in the stator part
of the flagellum, with multiple connections
to the rotor, C ring, and a novel P-ring-like

. structure . [Letter p. 1062]
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In situ structure of the complete Treponema primitia

flagellar motor

Gavin E. Murphy', Jared R. Leadbetter’ & Grant J. Jensen'

The bacterial flagellar motor is an g hine: built
from approximately 25 different proteins, it uses an electrochemical
ion gradient to drive rotation at speeds of up to 300 Hz (refs 1, 2).
The flagellar motor consists of a fixed, membrane-embedded,
torque-generating stator and a typically bidirectional, spinning
rotor that changes direction in response to chemotactic signals,
Most structural analyses so far have targeted the purified rotor',
and hence little is known about the stator and its interactions. Here
we show, using electron cryotomography of whole cells, the in situ
structure of the complete flagellar motor from the spirochaete
Treponema primitia at 7 nm resolution. Twenty individual motor
particles were computationally extracted from the reconstructions,

ligned and then ged. The stator by led for the first
time, possessed 16-fold symmetry and was connected directly to the
rotor, C ring and a novel P-ring-like structure, The unusually large
size of the motor suggested mecl for increasing torque and
supported models wherein critical interactions occur atop the C
ring, where our data suggest that both the carboxy-terminal and
middle domains of FliG are found.

The bacterial flagellar motor excites considerable interest because
of the ordered expression of its genes, its regulated self-assembly, the
complex interactions of its many proteins, and its startling mechan-
ical abilities. Stator proteins MotA and MotB form a ring of ‘studs’
within and above the inner membrane that couple the passage of
protons across the membrane to the generation of torque'~. Above
the membrane, MotB has a peptidoglycan-binding domain that
presumably holds the stator in place by binding to the globally
cross-linked peptidoglycan layer'”. Below the membrane, the cyto-
plasmic loops of MotA are believed to spin a wheel of FliG molecules,
which—like radial spokes—extend roughly parallel to the membrane
from the rotot in the middle to just below MotA on the periphery'.
Proteinaceous P and L rings serve as bearings to facilitate the rotation
of the rod within the peptidoglycan and outer membranes, respect-
ively', Inside the cell and below FliG lies the C ring, which regulates
the direction of rotation in response to the chemotactic system'”,

Flagellar basal bodies containing the rotor, rod and sometimes the G
ting have been purified and reconstructed by electron-cryomicro-
scopy-based single-particle analysis™**. The Sal lla rotor pe d
26-fold symmetry’, whereas the Sal lla C ring p d a mean
symmetry of 34 (ref, 8). Because the stators do not co-purify with the
rotor, however, little is known about their structure and interactions
with the rest of the motor. Patterns of stator studs have been seen in
two-dimensional, freeze-etch images, but the interpretation of these
images is difficult and the number of studs has been reported as either
12 or 16, depending on the species™. Two-dimensional electron
cryomicroscopy images of purified PomA—PomB complexes (homol-
ogues of MotA and MotB) from Vibrio alginolyticus have revealed a
~70-A-long, thin extension above the membrane'®.

Here we report the complete structure of the flagellar motor,
including the stators, obtained by electron cryotomography. Fifteen

"Division of Biology and “Division of Envi
1062
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Trey primitia cells frozen within thin layers of vitreous ice were
imaged (Fig, 1a and Methods). T. primitia was chosen for its narrow
diameter and interesting periplasmic flagella that emerge from each
pole. Twenty motor particles were computationally extracted from
the reconstructions, mutually aligned and averaged (Fig. 1b—e). In
both the individual maps (Fig. 1d) and their average (Fig. le), the
stator studs were clearly 16-fold symmetric around the rod. We
checked for symmetry computationally in the other components,
including the P collar (the density above the stator, as explained
below), the rotor, the connections between the stators and ¢ ring,
and the C ring irself (Supplementary Fig. 1a, b). Presumably because
'

Figure 1 | Electron cryotomography of T. primitia and its periplasmic
flagellar motor. a, A 2-nm-thick central section through a tomogram of an
entire Treponema cell. A flagellar motor is located near each cell tip and the
flagella rotate in the periplasm. Scale bar, 200 nm. b, Axial slice through the
centre of one extracted motor particle, ¢, Axial slice through the average of
twenty motor particles. d, Radial slice through the stator region of the same
particle shown in b taken at the height indicated by the arrow in b, e, Radial
slice through the average moter, taken at the height indicated by the arrow in
<. Scale bar, 20nm (for panels b-e).

/" The bacterial flagellar motor is an amazing nanomachine: built

from approximately 25 different proteins, it uses an electrochemical
lon gradient to drive rotation at speeds of up to 300 Hz (refs 1, 2).
The flagellar motor consists of a fixed, membrane-embedded,
torque-generating stator and a typically bidirectional, spinning
rotor that changes direction in response to chemotactic signals.
Most structural analyses so far have targeted the purified rotor’*,
and hence little is known about the stator and its interactions. Here
we show, using electron cryotomography of whole cells, the in situ
structure of the complete flagellar motor from the spirochaete
Treponemna primitia at 7 nm resolution. Twenty individual motor
particles were computationally extracted from the reconstructions,
aligned and then averaged. The stator assembly, revealed for the first
time, possessed 16-fold symmetry and was connected directly to the
rotor, C ring and a novel P-ring-like structure. The unusually large
size of the motor suggested mechanisms for increasing torque and
supported models wherein critical interactions occur atop the C
ring, where our data suggest that both the carboxy-terminal and
middle domains of FliG are found.
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By WALLACE RAVVEN

At first they cannot see at night, Then
daytime vision fails, and by age 3 or 10,
these children are blind. Some become
extremely obese and develop diabstes
and kidney disease,

The crushing condition is known as
Bardet-Biedl syndrome, and it is caused
Uy inherited defects in the child’s pri-
mary cilia — solitary slivers that poke
out of almost every cell in the body.
These are not the wisps that wave Rock-
ette-like in our airways. They are stiff,
tiny, nearly transparent structures,
sometimes as little as one-thousandth
the size of the cell. Only one sticks out of
each cell, and it acts as both an antenna
and a machine to process signals es-
sential for development and survival,

Largely ignored for a century as ves-
tigial, primary cilia are now emerging
as pivotal players in the subtle shifts of
signaling that shape the fetus and as-
sure normal adult cell growth, Powerful
genetic and imaging tools have opened
a window into these machines, fueling a
flurry of research intended to clarify
their role in health and disease.

“Primary cilia are turning out to be a
kind of signaling machine that no one
had appreciated,” said Matthew Scott, a
geneticist at Stanford Medical School,
“It's as if there was a shed out back with
all sorts of weird machinery, and hardly
anyone had ever looked in. But the farm
can’t work without it”

In the last few years, scientists have
discovered that the single cilium on
each cell receives and reconfigures the
signals that form neurons, sculpt the
body plan and organize the brain. In
adults, cilia are required to heal wounds
and grow cells, and when they malfunc-
tion, they can help cause cancer. Dam-
age (o primary cilia is now also linked to
kidney disease, obesity and even the
failure of adult neuron development.

A quick succession of discoveries in
the past 10 years has revealed an intri-
cate architecture within each cilium
that supports two-way trafficking of
proteins up and down tubes that run the
cilium’s length. Molecular matars push
particles along the tubes. These motor
proteins are linked to the cilium’s outer
envelope, so they can move material up
and down the membrane itself.

More startling than the finding of this
elaborate system was the discovery a
few years later that traffic on the cilia
highway includes the signals that
switch on genes to drive development of
the -embryo. These signals are them-
selves proteins, like the highly impor-
tant Sonic hedgehog.

The cilia trafficking system, now
known as intraflagellar transport, was
. discovered in the green algae Chlam-
ydomonas, which has long, thin flagella,
accessible to study. Flagella and cilia
have the same structure, part of life’s
toolkit for more than a billion years.

In the mid-1990s, Keith Kozminski, a
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Cell dSurtace Is Key to Deve
Signaling Machines 2l
Primary cllia are tiny rigid structures that extend from aimost 1 TP

every cell in the body They serve as a type

sensing chemical signals and relaying them into the cell,
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MOTILE CILIA have
a pair of central
tubules that allows
the structure to
move from side to
side, oftenin a
coordinated
wave-like motion,

PRIMARY CILIA do
not have cenfral
tubules and most
do not move,
which led somse
early researchers
to assume they
were vestigial
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Sources: Natura: Science: Cell

SECRETS OF THE CELL
The Cilium

graduate student in the Yale laboratory
of Joel Rosenbaum, placed small beads
on the membrane of Chlamydomonas,
and under a powerful microscope he
saw that some of them moved along the
surface of the membrane.

He and Dr. Resenbaum Kknew that
meant motors must have been at work
inside the cilium. Motor proteins had
been discovered elsewhere in cells.
Among other tasks, they are responsi-
ble for pushing paired chromosomes
apart during cell division.

“We were using the very best optics
available” Dr. Rosenbaum said. “Keith
told me he could see particles under the
membrane, moving up from the bottom
to the tip of the cilium and back down
again. My first response was, ‘Almost
certainly that is an optical artifact’”

But it was for real. Douglas Cole in
Dr. Rosenbaum’s lab and Gregory

* Pazour at the University of Massachu-
setts Medical School soon identified a
number of flagellum genes needed for
the architecture that made the trans-
port system possible.

In 2000, with George Witman of the
University of Massachusetts, they found
the first link between primary cilia and
disease. They showed that a gene con-
nected to transport within the Chlam-
ydomonas flagellum was a close relative
of amouse gene that causes a severe kid-
ney disease when it is defective. A mu-
tated flagellum or cilium gene, then,
could cause aserious, recognizedillness.

Polycystic kidney disease affects
about 600,000 people in the United
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States, It is the most common life-
threatening disease caused by a single
gene mutation, and the reason for most
of the need for dialysis. The disease de-
velops when cysts grow in the kidney
and block its filtering capacity. Cilia nor-
mally protrude into the kidrey tubules
and bend in the urine flow. If a mutation
prevents cilia from bending, kidney
cells needlessly divide, and cysts form.

The connection of cilia to kidney dis-
ease extended the prevailing view that
cilia were antennas capable of sensing
the environment. But a few years later,
the discovery of a far more pervasive
cilia role startled developmental bitlo-
gists and geneticists. In 2002, Kathryn
Anderson of the Sloan-Kettering Insti-
tute and a graduate student, Danwei
Huangfu, went on a kind of genetic fish-
ing expedition.

They were looking for genes that af-
fect early development of mouse em-
bryos, so they exposed the embryos to a
chemical mutagen and found mutated
genes that caused early neural defects.
Some of the mutated genes were some-
how connected to the pathiways fol-
lowed by Senic hedzehog, an extremely
important growth-promoting pretein in-
volved in embryonic development. And
among these genes were two that af-
fected the construction of cilia, ~

The conclusion was that cilia were in-
volved in an important way in the Sonic
hedgehog system, which reaches into so
many aspects of cell biology. “Kathryn
Anderson’s discovery was astounding,”
said Dr. Frédéric de Sauvage, the vice
president for molecular biology at the
biotech company Genentech, “Virtually
all basal cell carcinomas — the most
common form of skin cancer — have
mutated genes involved in processing

b b 4 T P-’i
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hedgehog signals. Mutations in compo-
nents of the hedgehog pathway keep it
turned on all the time.”

Genentech is now running clinical
trials of a compound that inhibits unre-
strained signaling in the hedgehog
pathway for potential treatment of bas-
al cell carcinoma, colorectal cancer and
ovarian cancer.

Arturo Alvarez-Buylla, a neuroscien-
tist at the University of California, San
Francisco, recently began studying how
primary cilia affect the brain’s neural
stem and progenitor cells. He suspects
damaged primary cilia may cause some
types of brain tumors. In related re-
search, working with Young-Goo Han, a
postdoctoral feilow, he discovered that
neural stem cells that lack primary cilia
failed to give rise to adult neurons in the
hippocampus, a region of the brain re-
quired for memory formation.

He sees strong evidence thal cilia
also help orient neuronal stem cells in
tissues in the direction in which they
will grow.

Since Dr. Anderson’s discovery, re-
ported in Nature, scientists have begun
to decipher how the cilium’s Rube Gold-
berg-like mechanism, on the fringes of
the cell, controls genes that are cradled
in the cell’s nucleus, 8

Bradley Yoder of the University of
Alabama, Birmingham, discovered that
the protein units that ultimately deliver
hedgehog’s commands to the genes ac-
tually reside in the cilium’s tip. Jeremy
Reiter at the University of California,
San Francisco, and Dr. Scott at Stanford
have shown that hedgehog’s arrival —

Poking out, oneto a
cell, and processing
essential signals.

at a different site on the cilium — turns
on this gene-switching protein. The pro-
tein messengers move down the eilium
tube to the nucleus, where they light up
or turn off dozens of genes.

Scientists zeroing in on different dis-
eases are encountering more cilia de-
fects. For example, the hormone leptin
circulates throughout the body, gauging
fat deposition and docking onto neurons
to convey that the body has adequate
food. One of leptin’s targets is a class of
neurons in the hypothalamus. Dr. Yoder
and Val Sheffield at the University of
lowa have found in mice that when the
lone cilium on each such neuron is dis-
rupted, the animals seem unable to
sense leptin as they normally would.
They overeat and become obese.

Al a meeting in February in Italy fo-
cusing on the latest primary cilia re-
search, Soren Christensen of the Uni-
versity of Copenhagen discussed cell
culture studies showing that primary
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cilia are essential for wound healing. e

studies a signaling molecule that, like

Sonic hedgehog, diffuses to tissue (o
spur growth and division. In Italy, he re-
ported that cells lacking cilia failed fo
migrate normally toward a wouid, a
process that usually is the first step in
healing. He and Dr. Yoder have now
confirmed this in live mice.

“Tf you look at mutated cells that
not make the primary cilium, they
blindfolded,” Dr. Christensen said.
cannot sense the signals from the
wound. “They don’t migrate. They jist
runin place.”

Other research reported in Italy
cused on primary cilia’s effect on an
other signaling molecule, called ¥
which orients cells in developing ti
and enables them to sense their thre
mensional location. Kimberly Mclicr-
mott of the University of California,
Francisco, described research shov
that primary cilia are essential for
to control normal mouse mamn
gland branching in puberty and
nancy. Although the cilium appears ta [je
far removed from the heart of the cell; it
is tightly tied to cell division. As the coll
prepares to divide, the cilium disasserii-
bles, and rebuilds only after division.

“This little antenna is poking out of
the cell surface and may well communi-
cate when and in what orientation the
cell should divide,” said Wallace Mar-
shall at the University of California, San
Francisco.

Dr. Marshall recently helped clarify a
classic discovery 10 years ago of how
the embryo “knows” left from right.
This sense enables normal placement
and structure of the heart, Unlike most
primary cilia, the subset of cilia in-
volved in this process move. The origi-
nal discovery had revealed that thou-
sands of individual cilia in the week-old
mouse embryo rotate from their base,
similar to the way a stiff arm rotates
around the shoulder.

The net effect is a leftward flow of e1n-
bryonic fluid that establishes left-right
asymmetry. Dr. Marshall and his col-
leagues confirmed that each cilium pro-
jected out at a left-leaning angle to the
cell surface, and they used fluid dynam-
ics models to demonstrate that the an-
gle and motion accounted for the flow
observed in the embryos. :

Some scientists are exploring the pos-
sibility that cilia may do more than reg-
ulate master signaling molecules, They
may actually coordinate protein signals
for proper fetal development.

Dr. Yoder said he was confident that
cilia coordinated different signals. But
what interests him most is homing in on
the mutations affecting the cilia,

“We need that to identify those genes
50 we can develop drugs to counter de-
fective signals,” he said. “That could
help us attack severe obesity, polycystic
kidney disease, Bardet-Bied! syndrome
and even cancer.”
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in the last few years, scientists have
discavered that the single cilium on
each cell receives and reconfigures the
signals that form neurons, sculpt the
body plan and organize the brain. In
adults, cilia are required to heal wounds
and grow cells, and when they malfunc-
tion, they can help cause cancer. Dam-
age (o primary cilia is now also linked to
kidney disease, obesity and even the
fatlure of adult neuron development.
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Fresh doubts over T. rex chickenlink

A claim by researchers to have extracted
proteins from a Tyrannosaurus rex bone and
matched these to proteins found in chickens
has been attacked in the same journal that
published the original research.

In a withering critique, computational biol-
ogist Pavel Pevzner and his colleagues at the
University of California, San Diego, say that
the protein claim cannot be supported by the
analytical data released so far'.

The original articles, published last year in
Science, claimed that palacontologist Mary
Schweitzer of North Carolina State University in
Raleigh and her colleagues had recovered frag-
ments of collagen from inside a 68-million-year-
old T. rex femur bone’ — making the protein 100
times older than the previous collagen record
holder, from a mastodon (Mammut america-
num) that died up to 600,000 years ago.

A linked article described the analyses of
the T. rex protein samples performed by John
Asara, who runs a mass etry research
lab at Beth Israel Deaconess Medical Center
in Boston, Massach and his colleag
Asara was able to match sequences from all the
collagen fragments to those of living species
including chickens, better defining the evolu-
tionary link between reptiles and birds’.

But Pevzner calls the article “computationally
illiterate”. He argues that the mass spectrametry
data on the seven proteins recovered are not
broad enough to prove a statistically significant
match with chicken collagen. Because Asara’s
team has not revealed all the 48,000 mass spec-
tra data generated, he says, it is impossible to

rule out the ‘false positives’ that are routinely
generated by the technique, and so tell whether
the protein match is a mere coincidence like “a
monkey typing random keys on a typewriter”
that by chance spells words.

Spectra of all studied proteins are routinely
published as supy y data to enabl
entists to replicate results, but Asara declines
to release this data, saying that to do so would
open the work to publication by others.

“I'm surprised; I don't understand how they
went forward and published unless those data
were publicly disclosed.” says Richard Smith,
head of the mass spectrometry lab at the
Pacific Northwest National Laboratory in
Richland, Washington.

Asara, whose rebuttal to the Pevzner cri-
tique appears in the same issue’, says his team
conducted additional analyses that support
their earlier results, "After being forced to go
through evaluation of the data, we stand by the
article even more so today,” he says.

Asara’s confidence belies the article’s
increasing troubles. The researchers with-
drew one protein from the work as far back as
September 2007, saying that it wasn't statis-
tically significant’, Next, in January, Science
published a technical c on the article®,
in which 27 authors reported that they could
not verify the T rex proteins, to which Asara
and Schweitzer again replied”.

By June, Asara was publicly acknowledging
that two other proteins were also not statisti-
cally significant. This, despite a short article
in Science” a month earlier, in which Asara,

sci-

Schweitzer and their colleagues asserted that
a comparison of the ancient proteins to exist-
ing species — such as crocodile and ostrich
— helped to affirm their earlier work.

Even the T. rex protein samples have been
questioned. On 30 July, Tom Kaye, a research
associate at the Burke Museum of Natural
History and Culture in Seattle, Washington,
asserted that the collagen extracted from the
ancient bone was in fact remnants of bacte-
rial slime®. Schweitzer told Nature that she
rejects the evidence, from scanning electron
microscope images, because it came from other
bones — Kaye says that his team was denied
access to the original bone.

With the controversy over their original arti-
cle unabated, Schweitzer says that she will hold
a private meeting in November with invited sci-
entific authorities to develop additional stand-
ards for publishing such work. But Pevzner is
looking for a different response. “How many
technical comments should there be before an
article is withdrawn?" he says. L
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Figure 27.1 Miller’s experiment.

In Miller's expariment, gases were admitted to the apparatus,
circulated past an energy source (electric spark), and cooled to
praduce a liquid that could be withdrawn. Upon chemical ana[ySis :
the liquid was found to contain various small organic molecules.
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Research News-——

Evolutionary Theory Under Fire

Overheard at:breakfast-onthefinal-day
of :a recent ‘scientific ‘meeting: **Do you
believe in macroevolution?" ‘Came. ‘the
reply: “Well it depends hew vou.define
it

In many ways this cryptic .exchange
expressed. the prevailing ‘sense of ‘the
participanis at-one.of the most important
conferences on-evolutionary biology for.
more than: 30 years. A wide spectrum:of
researchers—ranging from. geologists
and paleontologists, ‘through ecologists
and population geneticists, 1o:.embryolo-

gists and:molecular biologisis—eathered’ . i
i aulated uansitiona] organis|

at Chicago’s ‘Field Museum ‘of ‘Narural
History under the ‘simple .conference
title: Macroevolution. Their task ‘was:1o
ider the :mech that .underlie
the origin-of species and the evolutionary
relationships between species. e's 2

For the pas! 40 vears the study of evo-
gtionary biology has been dominated by
he Modern Svnthesis, a term coined by
ulian ‘Huxley in 1942, This theory iex-
slained Darwinism in terms of the rapid-
y maturing sciences of population biol-
gy and genetics. Essentially the theory
ays the following two thingsg Firs
oint mutation Within struct
he source of variability in organisms and

hat evolutionary change is the resultofa

hift in the frequency of ‘genes within a
opilation. The origin:of species and the
evelopment of trends in groups:of spe-
ies are explainéd as a consequence of
he gradual accumulation ‘of these small
enetic -differences. The of ‘evolu-
onary change. according 10 the Modern
ynthesis, is siow r
fevolutionary ‘change s determined by
atural selection working on small varia-

ons: the variants that sun;i\ie are those
il are best fitted 1o their environn
he shape of organisms—their moj
3y—is therefore viewed:in the utilitan-
1 light of adaptationism.
The changes within.a population have i
:en termed microevolution, :and ‘they

w'indeed be accepled as a consequence
" shifiing genie ‘frequences. Changss
ove the species level-—involving ‘the ,'
igin of new species and the ‘eitab- |
hment of higher taxonomic patferns— |
e known as macroevolution, The cen
1l question of the Chicago conference |
as whether the mechanisms underlying
icroevolution: can be ‘extrapolated to
‘plain the phenomena of macroevoln- L
. At ‘the risk 5f doing violence 1o the

SCcifuceE
Nev- 21, j94e

An historic conference in Chicago challenges the
four-decade long dominance of the Modern Synthesis

meeling, the answer can be givenas.a. |

. clear, N atis nof so clear. however,
Ts Whether microevolution is 1otally. de-
coupled: from ‘macroevolution: ‘the ‘two
can more probably ‘be seen.as-a.contin-
uum ‘with a'notable .overlap.

According

10, the traditional posion, therefore, if
sedimentation :and ‘fossilization: did in-
deed: encapsulate .2 ‘complete record ‘of
prehistory. then it would r:vegl th

oes;

"5 ancient Jamenl was. intoned by
some at ‘the Chicago meeting: “'}.take'a
dim view:of the fossil record as a source
I"of data,” ‘observed: Everett Olson, the
paleoniologist: from UCLA. But “such
views were ‘challenged ‘as: ‘being de-

featest. **I'm tired of hearing about the

imperfections: of the fossil record.™ said
John Sepkoski of the Universiy of Chi-
cago: “T'm ‘more interested in. hearing
about the imperfections:of our questions
sbout the record.™ **The record is not so
woefully ‘incomplete,” offered Steven
Suanley of Johns Hopkins University:
“you can recomstruct Jong sections by
combining dataifrom several areas.” 0Ol-
son: confessed himself to be “‘cheered by
suchaptimism about the fossil record,”

The emerging pictire of evolutionary
change, therefore, is:one of periods dur-
ing ‘which individual species remain vir-
tually unchanged, punciuated: by abnipt
events at which ‘a descendant species
arises from'the oripinal stock. :(This dis-
crete branching of a new species fromian
established one is known as speciation.)
This might be better termed a reemerging
picture because ‘the essence of the idea'is
not new. having 4t least ‘some 10015 ‘in
the much maligned writings of Richard
Goldschmidt in'the 1930's. Tn'its modern
form, punctuated equilibrium. ‘as it is
kmmn crystallized by Gould
and Niles: Fldredge, of the Amencan
Museam of Namgi‘History. New York.

s m -

R Classical gradualism
would explain such a trénd i terms of a
Pprogressive expression of the forces of
matural selection within o sifigle Ii

By. contrast, ;punctuated equilibrium
would explain the morphological trends
in. horse -evolution (and ' other S:Eh
trends) as the result of -a differentially

3 ) bush rather than a direcied lad-
der. Think of the evolutionary history.of
the ‘horse: :sketched -out: as :a multiply
speciating ineage, ‘with some new spe-
cies projecting in the direction of bzgg;r
bodies ‘and fewer toes ‘and: .others ‘dis-
playing ‘'smaller ‘bodies and: more :1oes.

O Y
Recently, geneticists:Guy Bush-at the

University of Texas, Allan Wilson at

Berkeley, and others, have proposed

what ‘might ‘be lermed. g¢hromosomal

speciation. ‘A ‘single .chromosomal rezar-

Tangement o an individual. it is avgued.

might be ‘sufficient ‘1o begin driving 2

wedge of evolutionary -distance between

itself and its parent'stock. .

Clearly, ‘the..chromosomal. .alteration
mgsl,besub‘s[anlial enough to’constitute
the tip of an evolutionary wedge.:bui not
sp-exlensive as 1o isolate the bearer in-
stantly. from all possible ‘mates. ‘In this’
mode] ‘reproductive isolation of a small
groupiisithe primary event in speciation.
and :this ‘might ‘be -accompanied by mor-
phological-change. The system does not
depend on geographicalisolation.

The scientific argument over the third
*major area of ‘discussion—that con-
slraints on evolutionary EXPression—
was f:dged with” tinges of ‘sociological
conflict 1op. At their most extreme. the
iwo' ‘opposing ‘technical positions are
these. According 1o the Modern Syn-
thesis.;‘specxes look the Way thev d6as a
consequence ‘of utilitarian adapiation o
theirenvironments. This theéory also im-
plies that organisms of all sizes, shapes,
and forms are ‘possible, and it explains
the fgcl thatlife is actually restricted 1o a
few very lirnited:basic patterns by saving
that there exists only a limited variety of
ecological-opporiunities. Why does there
not'exist'a species'oficow with a head at
either end of its ‘body? ‘Because, accord-
ing to this line of argument, no adapta-
tional niche is available for snch a crea-
Ture, ?
The opposing view is that adaptation.
though important. is a secondary Tactor
3n_shaping specie morphology. There

8 continuous evolutionary ladder would
conntect ‘the ancestor Hydracotherium

are. it argues, fundamental constratmis in
morphological possibilities smposed by
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Conrmuca’ fr()m page 23 NlLES C Lp I?I.G £
THE Sciepces

The Great Persuaders T APiL ? &
<« To say this is to reject the basic con

tentions ofMayrand Provine. Again, 1 do

not mean to belittle the Synthesis, thé

various ficlds of biology involved in i, and

certainly not the individuals involved. In

fact, 1 think the idiosyncracies of these

major individuals are underplayed. A case

could be made thal individuals, rather

“than disciplines, were responsiblc Tor lhc'
emergence of the Synthesis and its parng
cular character.

Certainly b‘}' 1947, atthe Tamous con-
ference at Princeton (which spawned both
the book Genetics, Paleontology and [ vo-
ution and the journal Evohation) every-
one appears 1o have been agrecing with a
few prominent, persuasive leaders who
were assuring their colleagues that (he
Synthesis was complete, The remarkable
agreement_that -is the Synthesis was for
the most_part consensus, nol proof and
CONSensus is an cmmcnlly human DhL-
nomenon, Why, as Provine. asks, did so

.many biologists accept the S)nlhcm
_though i Jemained unproven? T suggpest
_that this is all the ex explanation we need: the
persuaxlmm highly chJLmL(f bl—

Ql__o_gﬁ_(s” romulg: l[IHLd sngc snmph anct

rationaliv very ll])[)LlelL' sel ol ideas. {7
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The World’s Deep, Cold Sea Floors
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By WILLIAM J, BROAD

RIGID ond fightless, tha foars of the deep
oceans hoye lang been considered a bislogi-
ca] desect. So it is with up dttle pstonish-
+ ment thit marine blologists are naw discov-
ering that the supposed desert seethes witha riotaf ~
life. The diversity of specles Is so high thaf it may
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rival that of tropical rain farests, oftan seer as the )

pirnacle of biologleal richness. .- ———— 'f-:‘:‘*\-
“The orafusion of soecles on the stean floor stz A

pusks A gevere challenge o current thebry, Since ) ( e

new_specles are thought usually to requlre ome /, S

%ind of epvironmental Bartier ln ordét taaivEree,
like a mountain Tile thi
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2 mountal range, while theotéai floar' 15 mtre ,&*""‘
M unifarm than almost anyWHErE o Tand™— , 9 ns-inh k \
DEnissin. Rough estimaies for the numbarvf species on ’so"._—- ng-inch long
'z =van ore-tanth ne deep-seq floar have now sanred ta 10 million or },—ﬁr‘ tanaid.
- even 100 miliion, hungreds of times larger than the ).'- ~
ald projections of 200,000 species for oll types of
' marine life.

NS
Hi
A

The new figures alse contrast starkly with the
sum of the canh's piants, animals and microbes

.
AL IS
that sclentists have 0 far pamed, nbout 14 mililon / "‘.“. A RIS
species in all. And they match the 10 milllon to 100 ‘I"'.J% l"’/
willion thot experts had projected as possible 7 ’lﬂ A
totals for the number af tecrestrind species, /'_"4/ oy A
“1t's changing our whole view about blodlver- 7 4-‘1( /."‘ 5
sity sald Df. P. John D. Lambsheat, a marlie i T % ot Y Sipunculid worm,
biplogist ot the Natural History Museam in Lenden "5 e 3 E bl an inch lang.
who studies the abundance of deep ocean specles. 4 ‘(./ D o g
*The quantity of lite we've found'3s incredible,” ,.q- M
hi wdidms i Gnlorviow, ANl warln af sl A 1
theories 1hat lacked good, based pn terrestrial med- ar, 'P‘"‘_ 4‘-_1 €<
Mass ol als, suddenly fall apare We're having 10 change alt o BT
foraminilera. our |dens.”

onp-tenth inch

The new crestures of the deep are anything but *
In diamater.

Centiaued on Page C10
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Deep Sea Floors Teem With Diversity of Life
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cuddly ar cule, mernging ar sislster,
Dwelling on ar [ senbed poze and
oltell sipaller than nn nspirin tblel,
shey Inciude tiny slugs, snails, crabs,
bristie worms, ribbon worms, lnmp
shetls, tusk shefls, sea anemoncs.
urittle stars nud sea cucumbers, The
tlggest are seldom lenger than o
‘tronona. !

aften miles deen, thriving in pitch
darkness under pnoOrmous pressure,

‘the mobs af marine invertebrates

have now been found in hundreds of

| deep somples from the narthenst and

northwesl Atlantie, te custers and
wastern Pacific, and other parts of
the global seh.

“The varicty of fife s so high thot
there J5 very lutle overfup among
specles from various sampling sites,
even when they are relatively clese
together. 1t 15 almast og if the ank
mals i any given sample wern mosle
Iy endemic, that Is, specles that five

.nowhere ¢lse, os Is often found oit.

pacliic and Cacibbean Isles.

nthls cose, however, the endemic-
ity Is occurring in water — & medism
famous for its lack of isolatlog barcl:
ers and ltg propensiy to aid animal
migratlon, Mareaver, it s appnrently
occurring aver much of e tomain
of the deep sea, 0 dark world that
envelops nearly two-thirds of the

cayth.

Though small and ugly by human
stondards, the newly recopnized
creatures are consldered Important
because of thelr possible comsmer-
cial value, because of their role in
malntaining the earth's ecolopieal
tinlanee and becnose of the [ntellece
wal challenge of understanding their

. place in he planet's evolumtlonary

history. K

The patential comemercini value of
thie new oreanisms 1leg in thelr great
genctic diversity, In general, all
itnds pf creotures with strange me-
tabolisms from add places around
the earth are startiig to be nggres-
slvoly investigated a5 possible
sources af biologleal wenlth, The
hope is to use thely exctic genes to
develop new deugs, catalysts and
ngents Mat can brenk down toxle
wastes,

The dlscovery seoms (o pive 5ame
indirect credence 1a  speculation
nbaut the ‘existence of much larger
sen creatures that rematn to be dis-
covered. If there are krakens, lovia-
thans or other unknown mansiers
thnt prey at the top of the rich feod

[ chain of the deep ocean foor, thuy

i nre certainfy 190 big for the kind af

: gmall traps so far used In sampling

programs.

Kot surprisingly, the discavery of
the sea floar's blsdiversity has set
off debates as sclentlsts sirugple 19
understand the unexpecied opulenes
of & supposedly barren world.

“Nobody has expiained this," sald
Dr. Rehert R. Hessler, o pionees of
deep blodiversity who works ot the
Scripps Instilutlon of Ocennography
I La Jolln, Calil. *Evarybady comes
up with wonderfully plausible ldeas.
HBut nchody really knows why you pet
all these species. The 1ssug is Just
hongtng there.”

Or. 3, Frederich Grassie, director
of the Institiie of Marine and Coastal
Sciences at Ruetgers University In
New Brunswick, N.J.. and & leading
figure (o the fleld, said the mystery
Latl Impoztant Implications for une
derstanding the fate of the earth,

“pecies diversity Is one of the
must sensitive Indleators of change,™
Dr, Grassie sald. *A Int of highly
diverse ureas need urgeatly 1o be
sticlled becnuse they've dlsnppear-
ingt, 1he rain forosta nnd rorsl conds,

“We don'l Snow tow threstened
the deep sen (8, he added, “Dat in
U Jing term there new gaing to b
Vs, Sa there [4 same wrgency
Lomwlng whal's out there.”
chorsl e thenriom of Hls ai o all
contet It Wdgns of Churdes Dar
wir, whose “0Or(gin of Specles,” pub.
Wil In 185, sall evelutlon wnu

M hued B

Half-inch crustacean, Ischnomesus brunani, frons sea floar,

partly driven by reproductive Isola-
tion. Specles oflen arlse, he held,
when barriers Tike mountalas or do-
serts provent the Interhreeding af
populations.

Tn lime, groups that become {salat-
4 drift apart genetleally and physi-
catly to form new specles, meaning
that they are so dissimilar that they
cannet successiully pracreite.

Land Is full of such batslers, both
peographic and climatle, But the sea
has few — a fact Darwln and his
scientifle heks often pointed to In
explaining why the iand appeared to
be s much richer biologleally than
1he sea. This logic seemed relnfarced
i considering the deep, which not
only hod few environmental barriers
but Jacked primary producers such
as plants, For food, its Inabltants
matnly hiad to rely on o raln af organ-
lc seraps {alling (rom tar above or 1a
pray on one another.

Expeditions aver the decades that
dropped llnes ond dredges Into the
deep seemed to confirtn the waste-
land idea. The few plimmerlops of

life that were discovered tended 10°

be monotonously strmllar, ‘The ses
cucumbers of the deep Atlantlc were
viriwally  indistingulshable  from
these of the deep Pacilic, ns many o
weary resenrcher obsetved.

“The first hint that things were fad-
(catly different came In the inte
15605 when Dr. Hessler and Dr.
Howard L. Sanders, bath then st the
Waods Hole Oeeanographic Instltu.
tion on Cape Cod, develaped new
kinds of bottamesampling sleds that
revealed on stonishing rlchness in

Ecological theories
hased on the land are
threatening to fall
apart in the sea.

“the dupths af the north Atlantie,

The breakthrough was simple, The
sampling nets that Had been regular-
ly tawed behind such sleds were re-
flaced with ones In which the aylon
meshes were much floer. The Hew
nets cought simatler creatures, and
caught them In prodiglous nembers.
One sampling run hauled up 365 spe-

Though startling, the work was
be-

there to develop a device know 45 10
box corer. Like a giant squnre conkle
cueller 20 tnehes bo u side, 1t whs
dropped on # line fram o ship nnd cut
lnto & preclse vaiume of muddy sea
Fioar. A seal drawn oeross the cor
&r's batiom kopt the semple from
talling out during retsleval.

The box carer worked a revolution
1n the fleld, allowlng o new lavel af
precislon. Naw, far the flrat time, the
distribution of decp fnuna could be
exoctly mapped. Though Individun)
sumplas were small, repeated anes
gver moreglon could glve a clear
reading of specles density.

A holf dozen siles were studied

" with such methods in the 197¢'s and

1950°s, with tnntallzing Tesults, But
the fletd really developed anly aiter
Dr. Grnssle, then ot Woods Hole, and
severn] other sclenilsys embarked on
an extenslve study off the east coast
“of the United Staies for Lhe Interlor
Depargment’s  Minernls  Manage-
ment Service, which wns cansidering
ofl nndd gos develapment In deep wa-

ter.,

Armned with 8 few mitlon dollars,
Dr. Grassle, Dr, Nancy ¥, Moclolek,
Br. James A, Dlake snd Dr, Brigitie
Hilbig, ameng athers, In the mide
1880"s dropped box corers meaSuHHg
ane foot square Inlo walers of! Dela-
ware; New Jerscy, New Engluad,
and North omd South Caroling. A
tatnl of 556 box core samples were
taken BI sltes up to 2.2 miles deep.
The feast of llie extrocled from the
muck was so preat that Loxonem!sls
spent geveral years ldentlfylng all
the different types of anlmals. .

“gur results, from the first exien-
stve quantitolve sampting of deep-
sea communities, Indieate 8 much
greater diversity of specles in the
deep sen than previously Ciought,”
Dr, Grassle and Dr, Maclolek wrale
1 the February 1002 lssue of The
American Naturalist, a scientllle
ournal.

From 272,008 15 cnplured

esilmale I8 prabobly conservadlve.”
hey whilod.

1t notieliic|ens proveked stromsg e
linlg, 1r, Robarl M. Moy, 4 zucloylst
aril Lnjverslty, faulted the (1g-
ures 25 wwunpuelebly and sud tha
the decp mlnrwm unlikely to excecid
a ball miilioy specles.

fy cantrngl, Pr. Gory C. B. Poore
uml Oy, Geage D.F. Wllson, Au-
Lrnliun bieloglats, sald thelr own lelid
Btnilus dn the Pacillc suggesiesd that
glubnl specles richtsss was even
greater than 10 mitlon.

“We snspeet new estimates couid
be iuch higher,” they wrote I the
Fulr. 18, 1803, tasue of the Jouranl
Halure

Other experls, such as Pr, Lomb-
stiead of the Natural History Mu-
sount, lormeriy the British Musewn,
suggested Lhal the estlmates would
caslly rise into 1he range of 100 mil-
lion spegies If the coumt included
cven emailer crestures such &
thread werme, copepods end osirn.
cods, nneounted hurdes of tny mulil-
cetlular anlmals that ficurish 14 the
deep noze.

Dr. Hessler of Scripps, the deep

New drugs may
emerge from a vast
pool of exotic genes
in the depths.

biad)versity ploncer, gold In an Inter-
view thot marloe hlojogists needed to
sedouble thelr rescacch instead o
thelr gough estlmates. “What we
don't know s the rate of species
replacement” across the deep be-
yond the few nreas thist have beon
sampled, he snld. “Thnt's the blg
quention.”

Experls alst want more investiga-
tlons of the riddle behind thie diversi-
Iy — how the deep 1 able 1o suppers
sueh rickness, seamingly In deflance
of Darwin. Dy, Grossle ol Ruigers
snld the disparity I prebaily more
opparent than réel, His work sug-
pests that cxtraordinarily fine but
nonctheless  furmidable “barriers
arlse I {he deep os, for Wgtance,
food reronrces ralning down from
ghova coflect an the seabed (n tran-
slent patches.

Anolher conjeciure (s that the ex-
Lra bltlon years or s¢ that dlte o
beeat evalving in the sen compayed
wiih fond may be a factor in the

by the box carers, e sclentlsts lden-
tfled a total of £,507 specles. More
Impartant, the rate at which new
specles were ddded romained high
throughont the sampling — In other
words, the diversity of llfe was 50
grent that newness wos found wher-
ever a bax corer 1it batiem, Every
squars [l of pze disclosed anolher
dazen or creatures ihat were une
known 1o science.

The number of species coblthued
to rlsce stendily as more sampics and
more Indlviduals were enollecied,”

slaw 1o be
caise deep tesearch was so diflicalt
pnd costly. Moreover, caliected
specimens were alten hard 1o identl-
fy hecouse so few binloglsts were
Lrained in deep-sea taxonomy. Jo
sharl, the richness was debatatile.

The wosk wis slowly extended In
the W070's to many niew pltes in ihc
Pucllle and Atfantle, with zimilar
wtortilng results, Even 5o, skepticlsm
conllaued In some clrelos Bociise
the sampling wes impreclse. Sled
runs for different 1imes and speeds
produceit difforent comslbe, Anl 1
woy hord Lo Rouw law tar the sleds
traveled ucroys on Usg bottom, n fact
thiil trnle thn tenslly of samplel Mo
unblguuny.

Sa Dr. Hessler, ofier he maved to
Serlps, worked with & eollonpue

the sclentisls wrote.

Based on the rate of ndditions, the
sclentlsls estimated that the decy
sea in gencral might huld 100 millkn
speclés of small Inverlebrates. As-
sumlag thal obyssal reglons Inr
Irom continental shelves suphorted
Tess life, they sakl, o ntwore renlisiic
aumber was 18 milllon specics. “This

slchiness of s
e reccsses,

Given the vost dimensians of the
emerging {leld, sald Dy, Lambshest
of the Natupnl History Museum, con-
servallonlts Were wrong 1orfocus so
excluslvely on ' land ecosystems,
“You'll atlfl read 10 lekibooks thal BO
pescent af oll specios sre i troplenl
[‘nln foresls,™ He gald, "That's rub.

Ish. 1t sisiply means that B0 pereent
of all blodiverslty sclentists work in
raln forcsts.

He sald detp nxusomisls are su
tew, and the new population estl-
inates a0 InFge, that fust dentilying
the inhabltante ef the abyss could
tuke [housands of yesrs.

*The kincls of numbers we're conr
g up wiii ore (rightening,” he suul
“It we'se ouly hallway right, meny
spectes could be forced Into extine.
tion helore they're ever described.”



by fits and starts

B SV STEVEN M. STRNLEY
pReE of palesbiclety o
Dedns Hovk VA Lw:»mry

'aE word “evolution” means unfolding, and for more

than a century, biologists have ponxa}yfad the evolution
of life as a gradual unfolding of new living Lhmgs fyoxlrl
old, the slow molding of anima!s and plants into enurs ):
different forms. It was this persistent §tyle of change t a_1
Darwin described as the origin of spec:es..Today_the fossi
record is forcing us to Tevise this conyent.\oﬂa] view. As_it
urns out, myriad species have inhabneq the earth for ?hn -
lions of years without noﬂceab{y' evolving. On the Of g;x;
hand, major evolutionary transitions have been v.vrox !
during episodes of rapid change, when new species hav

——— .
18( THE SCIENCES ){ October 1981/ -

) R The important point for the punctuational
=7\ scheme is that there are discontinuities of form and be-
"/ havior between many related species and between many
related populations and that these discontinuities com-
monly arise by the rapid divergence of small populations.
Certainly, long-term inbreeding can be deleterious,
but in the fixation of new features, several generations
of inbreeding need not spell disaster. There is chromoso-
mal and other evidence that many hale and hearty spe-
cies have descended from the offspring of a single fe-
male, and this implies an early history of inbreeding.
Darwin, however, saw inbreeding as anathema to the
well-being of any population. It was partly because of
this exaggerated view that he granted no evolutionary
role whatever to “sports” of nature—monstrous or visi-
bly deviant individuals.

Darwin’s exaggeration of the evils of inbreeding was a
prime reason for his refusal to grant a significant evolu-
tionary role to small populations. Conversely, the appar-
ent need for outbreeding impeiled Darwin to focus upon
very slow evolution within large, established species. It
was partly for those reasons that Darwin, as Huxley noted,
heaped unnecessary problems upon himself and upon na-
tural selection by clinging to the time-worn cliché, Na-
tura non facit salturm — Nature does not make jumps. O

Mujor evolutionary change is hot gradual, but proceeds

quickly budded off from old ones. In short, evolution has
fits and starts. .

m(¥$ i!:)yssil record of horses testifies to this eplsodéc tetrhne
po, and is particularly notable because for d;:a slsassic
rec'ord of ancient horses was her_a.lded as the classic
illustration of gradual transformation. Thq Eg}:l -
modern—kind of horse appears suddenly in the fossi
record in North American deposits jess than three mil t4:)1'
years old. This familiar creature evolved from an ances :h
of quite different form—one t:hat had toes ﬂarlkl:m}g1 eaSm
of its hoofs, as well as much simpler molar teeth. Hor:

of the modern Equies type obviously gvplxved rapidly, amti1
for this reason, apparentiy. their origin is not anumeglrelh
by known fossil evidence. This abript evnhmnnargl_ Led
. e
stands in sharp contrast 10 the stahility of estahlis!
cies. ] '
ho%iesiw message offered by the lanmemh rerg:é:;gé
e e T . . as

< and other ammals is that evoiunion ey
goifcf:ﬁ(a:allv. Mos! change has taken p}alce 50 rapidly da.nd
i}'}rj such cor;ﬁhed geographic areas that itis s1mpﬂm! og-

umenied by our imperfect fossil record. The resulting

View of evolution has become known as the gunrluarianal
model, while the contrasting traditional view has been
\abeled the gradualistic mode[.‘ ce s

e T

o @
i?/l

transformation of an entire species.

Herein lies one of the problems for evolution within
arge populations. The peppered moth of Great Britain
is famous for having become black, rather than speckled
gray, in industrial cities during the industrial revolution.
Here selection has obviously been at work; where soot is
heavy, the black color is relatively inconspicuous to pred-
atory birds. The truth is, however, that only some popu-
lations ever become dominantly black. In unpolluted
areas, most of the moths have remained a speckled gray
color, and even in polluted areas not all moths are black.
This celebrated example of evolution within living mem-
ory is indeed a good example of selection, but not of the
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Figure 35.11
Seromatolites represent very ancient life. Between 2.5 billion years ago and 600
million years ago, hacteria Aourished in the shallow scas. Cyanabacterin apgre-
gated into huge colonies, forming great submerged mats that became infiltrated
with sediments, which hardened to preserve replicas of these most ancient
organisms. These fossils, called stromatolites, are found taday i only a few places,
such as Shark Bay in Western Australia, where these came from.
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iologists.as: much as:geolo-
gists. Called stromatolites,
e they come in. the shape of
dos es. .and knobs, - reading plat-
forms and: rising:pillars.embedded in
'hmestone formations. Some. look_hke_
-huge Galdpagos tortoises halfbu
in'sand:or: petrified sponges or
stone: mattresses. But it is-theis
riors, constructed .of ‘many. dis
layers of accreted sedlme- '
often: exposed -"n--.outcrops '

r

the .maost attention, -especially frorn

sc:entlsts mvestlgatmg the earhest Py

S -o_m'a't >1=tes have Iong been con-
mdereci a byproduct 6f microbiallife.
atolites -in “Ausfralia

ae S[:lcky mats of

the mlcrobes rap-carbonate mud in

shallow water” the orgamsms then:

grow-through the Tayer ‘thus: formed
to produce ‘another mat, where more

.?EY are. rocks that: mmgue.

sedlments are. concentrated zmd dhe
process 1s repeated over and o L_r

i_ng' ao-
‘-long as_35 bllhon yeans go. Tt 3

ly dat since indg ‘pendent
evidence support that tim g
Researeh lziy scxentlsls at the. Mds-

: al has shown wlih
mathema cal models that these ai-
ient lal ted rocks ‘could have
_solely by physical processes
s__m‘ay' not 'b‘e re']t-oble ‘E'\'rl-

oth by b:ologtcal and by
:purely physu:al processes, hence
that when ancient stromatolites are
found, the ‘researcher should not
automatlcally conclude that ancient
micrebes were the architects.
The findings, concluded Dr. John
P. Grotzinger, a geologist, and Dr.
Continued on Page C9



‘whom . Darwin 'and Asa Gray corre- |

a Han'y Gershenomtz of |
llege, another Dar.

and, an e

<ponded,

. GrayatHa

*What'm own’ views may be ” Dar-: ;
win @rot in,his letter, “is'a’ qu&stmn of:
o cmsequence 20 anyone except my-
salf, But'as you'ask I mdy state that'-my-

‘Darwin: openﬂd the letter o1 cangrat-f ’

\sa '-uiate you on. -vour splendid botanical}
‘success in ﬁrdmg the water hliy and |

amaryilis.” He- ended by expressing the

‘hope that she had received his book on
‘fnsectivorous plants, which he ‘hadisent
‘her.




: g:_ :
best pxece»af praise’l ever mew

He wenton to'say how: rehgmus peo-
ple found fault with his theory, *but 1
tell them l.only state: szenuﬂc truths

“discoverad e, and Ileave

: ‘the theologians to: mcenci"i”’ihem
with’ 'th’e Scrintures; that is their prov-
-'ance nat mine."” RALPHCoOLP IR.

o Neanrk Dec 28,1981
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The primary glory of our lives is the truth of the
inseparability of the Unity in its highest exaltation and
eternal magnificence [on the one hand], and eternal
righteousness [on the other hand]. It is only through this,
the soul of the Torah, that we can glimpse her body and
garments.” In general the idea of gradual evolution is also

And in general, this is an important rule in the struggle
of ideas: we should not immediately refute any idea which
comes to contradict anything in the Torah, but rather we
should build the palace of Torah above it; in so doing we

only in its bepinning, and there is no doubt that it will

‘change its form and give birth to conceptions that will

also include sudden leaps to_complete the picture of

nature,” and then the light of Israel will be understood in

its very clariry.

The -world's researchers and those in Israel who follow
in their footsteps, look at the Bible according to the
Christian interpretation, which results in an imprisoned
world.? The pure understanding of life's joy and light, that
is in the Torah, is actually found in the secure guarantee
of the past, when man was very happy and only an
incident of sin distanced him from his way. It is clear that
any incidental failure is certain to be corrected and that
man will return to his [proper] level forever; but [if we
accept] the idea of evolution without any support from
the past, [we] will always be under the threat that the
process will stop in the middle of its path, or that the
world will regress, since we have no secure source to say
that happiness is the permanent nature of man [even of
essentia. man — the spirit], let alone for physical man as
he is, body and soul together. Thus it is only Adam’s
experierce in the Garden of Eden that attests for us a
bright “vorld and consequently it is fitting for it to be
realistically and historically true, even though it is not
essential to our belief.

are exalted by the Torah, and through this exaltation the
ideas are revealed, and thereafter, when we are not
pressured by anything, we can confidently also struggle
1gainst it. There are many illustrations to prove chis but it
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Orthodox leaders largely take a pass on Rabbi Ovadia Yosef's Katrina tirade. 12ar wo

Larry Cohler-Esses
Editor At Large

hen Israel’s most prominent Sephardic rabbi de-

_ / scribed Hurricane Katrina as America’s punish-

: ;‘! ment for supporting Israel’s withdrawal from Gaza

— and condemned its mainly black victims for failing to
stugd Y Torah — many Jewish leaders here were appalled.

In Israel, Rabbi Ovadia Yosef's view linking the

~worst nazural dlsaster in Amencan lnstow to U S support

e et g T T Ty T Y L T R i e Mmoo ATTETTINT Y

-~y
for the Gaza withdrawal is not unique among rabbis. NRIT AT e

Rabbi Joseph Gerlitzky, the leader of the Lubavitch 1 D¢y 4
chasidic sect’s center in central Tel-Aviv, among others,
gave a sermon from his pulpit soon after the hurricane
voicing the same theme. A popular radio rabbi echoed
him. And a noted Jerusalem kabbalist reportedly also
made similar comments.
The leader of the largest Orthodox group in America, the
Orthodox Union, specifically criticized Rabbi Yosef’s com-
Continued on page 38
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