
Further analysis of the data showed that 
the females were choosing their partners 
based primalily on size. Thus, in tenns of re- 
productive isolation in the sticklebacks, "ge- 
netic history doesn't matter," says Schluter. 
"It's how they look that counts." Fish from 
different environments were most likely to 
be reproductively isolated, even if they had 
close genetic and geographic ties. 

Other researchers praise the work. 
"They've shown that common environmen- 
tal differences can produce common patterns 
of speciation," says UC Santa Barbara's 
Endler. right down "to the same isolating 
mechan!sms. It's the first time we have defi- 
nite evi'dence of this rather than speculation." 

Separating skinks 
Halh~ay around the world in Queensland, 
Australia, Christopher Schneider. an evolu- 
tionary biologist at Boston University> is 
studying similar questions in the leaf-litter 
skink, Ca~lia i-~lbrigllais: a small, reddish 
lizard that lives in both wet rainforest and 
drier open forest. The setup is perfect to test 
whether geography or ecology drives specia- 
tion: A well-known biogeographic banier, the 
Black Mountain Conidor, physically splits 
the skink's range into two large populations, 
but on each side of the mountains the lizards 
inhabit both closed ramforests and more open 
forest. Based on the differences between the 
two populations' mitochondria1 DNA, Schnei- 
der estimates that the single ancestral popula- 
tion split apart several inillion years ago. 

Lizards living cheek-by-jo~vl-in some 
cases only 500 ineters apart-in the two dif- 
ferent forest types have similar mitochondii- 
a1 DNA, suggesting recent or current gene 
flow between them. Yet Schneider found that 
the neighboring lizards valy more in size and 
shape than do those inhabiting the same en- 
vironment on the other side of the banier. 
"Morphologically. the ancient isolates are 
very similar," he says, "but there are whop- 
ping great differences" in size and shape be- 
tween lizards separated by "very short dis- 
tances." Open forest lizards are smaller, with 
shorter limbs and bigger heads, and they be- 
come sexually mature at a smaller size than 
those in the rainforest. 

Sclmeider and his colleagues believe they 
have found an ecological force responsible for 
these differences: predation. Earlier reproduc- 
tion and smaller size are often found in 
species under high predation, as individuals 
that manage to reproduce before being picked 
off are favored. More species of lizard-eating 
birds hunt in the open forest: Schneider notes, 
and by placing clay lizard models in both en- 
vironments, h s  team gathered evidence that 
lizards there are more likely to be attacked. 

Of course this is only one case, but as ge- 
netic data on various organisms roll in, this 
pattern--of geographically separated popu- 
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lations being similar in size and shape, while 
neighboring populations in slightly different 
habitats vary-turns out to be quite com- 
mon, says Berkeley's Patton. He cites similar 
findings for snails and bats across the Black 
Mountain Corridor in Australia and rodents 
in the h l a z o n  River Basin. "We find these 
widespread species that have deeply diver- 
gent molecular histolies yet haven't changed 
morphologically. apparently because they 
continue to inhabit the same environment. 
Time and isolation alone don't necessarily 
result in new morphologies-whereas a new 
environment does," he says. 

h d  because new morphologies may lead 
to new species-perhaps even in the face of 
gene flow-the vagaries of ecology may be a 
driving force in more cases of speciation than 
researchers have imagined, Patton says. In the 
case of the skinks: for example, if size and 
shape are important in mate choice, then the 

ecologically distinct lizards may have taken 
the first step down the road to speciation, says 
Schneider; the critical test will be whether the 
geographically or ecologically separated skinks 
have more reproductive isolation. 

Schneider's and other studies are not yet 
complete, and no one is ready to toss out the 
notion of geographic speciation. Indeed ecol- 
ogy and geography inay work togethel: says 
Schneider. He expects that the next round of 
skink studies will find the greatest reproduc- 
tive isolation between populations that have 
been separated for a long time and also occu- 
py different habitats. The bottom line. says Pat- 
ton. is that geography alone may not be suffi- 
cient for speciation. In many cases an environ- 
mental nudge may give populations a bigger 
shove down the path to speciation. "That's the 
way to generate diversity," he says-an obser- 
vation worthy of Darwin himself. 

-VIRGINIA MORELL 

Test Tube Evolution 
Catches Time in a Bottle 

By running experiments on microbes for thousands of generations, 
researchers are exploring the roles of chance and history in evolution 

For most living things, 24:000 generations is 
a daunting span of time. Go back that many 
human generations, or about 500,000 years, 
and Honzo sapiens had not yet evolved. Even 
for the h i t  flies beloved of geneticists, 
24,000 generations equals about 1500 years. 
But in Richard Lenski's laboratory at Michi- 
gan State University in East Lansing, 24,000 
generations ago is a recent memoly. The year 
was 1988, when he and his students first in- 
troduced 12 genetically identical populations 
of the bacterium Escherichia coli to their 
new homes: 50-milliliter flasks filled with 
sugary broth. 

Since then, those bacteria have been 
clocking up the generations at a rate of about 
one every 3.5 hours, mutating and adapting 
right in front of Lenski's eyes. Lenski is a 
founding member of a subculture of evolu- 
tiona~y biologists-many of them his former 
students and colleagues-who are watching 
evolution unfold in laboratory cultures of 
microbes, where a single experiment can 
span enough generations for major e\7olu- 
tionary change. These laboratory micro- 
cosms, whether of bacteria, viruses, or yeast, 
can turn evolution into an experimental sci- 
ence: says Michael Travisano of the Univer- 
sity of Houston. "You have the luxury of 
making a prediction: and then you can test it. 
It's almost like physics." 

Researchers can subject populations to 
the same environmental stresses again and 

again-a procedure that Paul Sniego~vski of 
the University of Pennsylvania calls "analo- 
gous to being able to revive the fossils and 
rerun the evolutionary events." They can 
thaw out ancestral forms, stored in laborato- 
ry freezers in what Lenski calls a "frozen 
fossil record,'! and compare them to their de- 
scendants. And they can monitor the mi- 
crobes' genolnes as they evolve, tracking the 
ultimate roots of those changes in DNA or 
RNA. "It's some of the most exciting stuff in 
evolution,'' says Stephen Jay Gould of Har- 
vard University 

These laboratory microcosms are allow- 
ing researchers to address some of the field's 
biggest questions, such as how often the 
twists and turns of evolution are the result of 
chance rather than adaptation. Researchers 
can study how evolutionary baggage from 
one round of selection affects how an organ- 
ism fares in the next, and how adaptive radi- 
ations can arise from a single organism. And 
they can address a question that has pre- 
occupied evolutionary thinkers like Gould: 
How reproducible is evolution? If the histo- 
ry of life could be replayed from the same 
starting point, how differently would it un- 
fold? So far they are finding that identical 
populations facing similar conditions can 
follow parallel courses, although the under- 
lying genetic changes often differ. But over 
time, in new environments: the effects of 
those differences can grow, steering evolu- 
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tion into radically different courses and giv- 
ing chance and history ever larger roles in a 
population's fate. 

With the enormous complexity of nature 
reduced to test tube systems, researchers 
have to approach such questions with humil- 
ity, Gould notes: "Of course, you're looking 
at a very different world at a different time 
scale." Nor can researchers even be sure that 
what they see in one evolutionary micro- 
cosm will apply to any other, adds Holly 
Wichrnan of the University of Idaho, 
Moscow, who studies evolution in viruses. 
"One of the questions is how well [test tube 
findings] are going to generalize. . . . Is every 
case going to be a special story?" 

Still, the granddaddy of these experi- 
ments-the 1 1-year, 24,000-generation E. 
coli cultures in Lenski's laboratory-is 
telling stories about predictability, chance, 
and history that other experiments have 
echoed. All 12 of Lenski's cultures experi- 
ence the same stresses: a dailv boom-and- 
bust cycle, in which the bact&a are trans- 
ferred to fresh glucose medium every 24 
hours, then undergo 6 hours or so of plenty 
followed by 18 hours of starvation. All 12 
lines have adapted to this regimen; when the 
researchers do a head-to-head comparison 
between the evolved bacteria and the ances- 
tral strain, plucked from the fieezer and re- 
vived, the descendants now grow about 60% 
faster in their standard glucose-contajning 
medium. All 12 ~o~ulations show other 
parallel changes, &for example, a still- 
unexplained, twofold increase in cell size. 

Yet underneath these consistent responses 
to selective pressure, says Lenski, "you see all 
this hidden variation." The fitness increases 
were almost identical in all of the populations, 
but not quite; the cell size expanded in all 12 
lineages, but by different amounts. And when 
Lenski and his colleagues, includmg Michel 
Blot of the University of Grenoble in France 
and Werner Arber of the University of Basel 
in Switzerland, analyzed the gen&es of their 
adapted bacteria, the similarities vanished. By 
chopping up the bacteria's DNA with en- 
zymes and applying probes that home in on 
known sequences, they found that after 
thousands of generations, the populations' 
genomes were riddled with changes. The 
changes were different in each population and 
had accumulated at very different rates, the 
group reported in the March Proceedings of 

5 the National Academy of Sciences, even 
though the fitness increases were similar. That 

$ indicates what the authors called "conspicu- 
3 - ous and significant discrepancies" between 

genomic evolution and its visible effects. # Lenski and graduate student Mark Stanek 
3 are now trying to pinpoint the particular ben- 
2 eficial mutations that boosted the bacteria's 
f fitness. They've found one so far-and it is 
! present in just one lineage, strengthening the 

idea that the others have found different 
paths to higher fitness. When it comes to or- 
ganisms' adaptive performance, says Lenski, 
"evolution is remarkably reproducible. But 
as you move away from performance, to cell 
sue or genes, things are less and less repro- 
ducible." Because all 12 populations started 
out genetically identical and have experi- 
enced the same selective pressures, the dif- 
ferences underscore the role of chance in set- 
ting evolution's course. 

Evolutionary baggage 
The role of chance becomes even more obvi- 
ous over time, as those genetic differences 
become part of the baggage that organisms 
carry to their next evolutionary challenge 

did its work, and after months of mutation and 
selection, all 12 could gmv well on maltose. 
But the fitness improvement was not as con- 
sistent as it had been on glucose, where the 
starting genotype had been identical. Evolu- 
tion was no longer as reproducible as before, 
because of chance variations in how the pop 
ulations had adapted to their earlier environ- 
ment. "Once we had diversity, we could prune 
it back tremendously with adaptation. But not 
completely. Once you are different, that dif- 
ference tends to persist," says Travisano. 

To Travisano, the results are a lesson in 
the importance of prior history in shaping 
the way organisms respond to an adaptive 
challenge. They "tell you that variation aris- 
es very easily . . . and it doesn't arise in ways - 

- that are easily predicted." 
Other researchers are weighing 

the roles of @ctability and chance 
in adapt~ve radiations, in which one 
form gives rise to many. Paul Rainey 
at the University of Oxford in Eng- 
land seeds vials of sugar water with 
cells of the common plant bacterium 
Pseudomonas fluomcens. He avoids 
shaking the containers, allowing 
the environment to stratify into R- 

gions that are chemically and physi- 
cally different, with oxygen-rich lay- 
ers near the surface and oxygen- 
depleted but mtrient-rich layers be- 
neath. The result is a diverse array of 
ecological niches for the bacteria to 
fill-what an animal species newly 
arrived on an empty continent might 
fmd. He then follows their evolution 
for 10 Ws.  

In his ori@ work, done with 
Travisano and published in Nature 
last year (also see Science, 17 &to- 
ber 1997, p. 390), Rainey found that 
in virtually every one of these mi- 

Master of the microcosm. Richard Lenski holds samples mSms9 the bacteria into 
from his decade-old cultures of E. coli, which reduce evo- three major forms- He named them 
lutionary history to a manageable scale. for the appearance of their colonies 

when he grows them on culture 
baggage that can dramatically affect how plates: wrinkly spreader, fuzzy spreader, and 
they fare, aS Travisano and Lenski have smooth morph, which is the unchanged an- 
shown. They took samples of the 12 E. coli cestral form. Each has a taste for a particular 
populations after the bacteria had been niche, with the w-rinkly spreader congregat- 
growing in glucose for 2000 generations. By ing at the surface of the broth, the smooth 
that point, all 12 populations had improved morph spreading through the liquid, and the 
their ability to grow on glucose by about the fuzzy spreader hugging the bottom. 
same amount. But when they were put in a Rainey is now trying to account for these 
different sugar, maltose, some populations tastes. So far, he and his students have learned 
thrived while others languished. For each that wmkly spreader OV-ces a cellulose- 
population adapting to limited glucose, says based polymer, which helps glue the cells 
Travisano, "it seems likely that glucose u p  together into a mat The mat supports them at 
take was tweaked in subtly different ways. the surface, where the wrinkly spreader cells 
And those subtly different tweaks had big ef- benefit fn>m the abundant air supply. 
fects in a different environment." These miniature adaptive radiations un- 

He and Lenski then allowed all 12 lineages fold in the same way every time, governed by 
of bacteria to evolve for another 1000 genera- the available environmental niches. And Ju- 
tions on their new staple, maltose. Evolution lian Adams, at the University of Michigan, 
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