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cues," says neuroscientist Me1 Goodale, of instead of acting like individual clocks, their p i s i o n  of such a clock, points out Christo- 
the University of Western Ontario, in LOB- pendula swing in perfect harmony, which pher Oates, a physicist at the National Insti- 
don. But perhaps the most intriguing aspect can ampw the sgnal manyfold 'That's a tute of Standards and Techwlogy in Boul- 
of the work, he says, is that the Caltech team huge difference," says plysicist Steven Chu der. Condensate clocks may keep time for 
found neurons sensitive to object distance, of Stanford University. h t w e  generations, he says, but for now the 
not in the "where" stream, where conven- Wieman and colleagues didn't set out to idea is "still in diapers." 
tional wisdom suggested it to be, but in pri- make a condensate clock. Condensates, -DAVID K~ENBAUM 
muy visual cortex and in V4, which is part like all quantum objects, have wavelike 
of a second processiug stream, the "what" properties, and the team was studying how I 
stream, which specializes in the identity of the waves of two condensates interact over 

I 
objects.  his could mean the trait may occur time. They confined a few hundred thou- Earth's Unbounded 
throughout that stream, and perhaps the sand rubidium atoms in a magnetic trap Beetlemania Explained 
whole visual cortex. and cooled them into a condensate. Then 

This invites researchers to "rethink the they split it using a radio frequency burst to It's a tale every evolutionary biologist 
'what' pathway" and the role distance infor- form a second, overlapping condensate, in knows by heart: Asked what he had con- 
mation plays in its mission, says Sqnowski. a different spin state h m  the first. cluded about the Creator from studying 
Size is relevant to an object's identity, he The quantum waves corresponding to creation, the great biologist J. B. S. Hal- 
says, and the "what" stream would need dis- the two states have frequencies that differ dane reputedly quipped that the Creator 
tance information to compute size. "In retro- by a small but precise amount, just like "had an inordinate fondness for beetles." 
spect," says Desimone, "it makes perfect the two states of cesium that have been And indeed, the 330,000-odd qecies in 
sense" that visual maps in the 'what' stream used to keep time. The frequency differ- the order Cokoptera-the beetles-far ex- 
would be three-dimensional. "But honestly," ence can be inferred by allowing the two ceed the number m any other plant or ani- 
he adds, "I was s u r p M  condensates to interact briefly and watch- 

-MAR- - ing how many atoms jump from one to the 
other. The team expected that as the wn- 
densates sloshed around in the trap, the 
frequency difference would get washed First Ticks of a Super out. But when they measured the popula- 
tions of the condensates with a laser, they L 

'You can think of this as the first Bose- 

University of Colorado in Boulder has good to about a billionth of a second- 
fashioned a crude clock based on the quan- over a million times less accurate than the ma1 group. "It's a saying that's always in 
turn ticks of these balls of atoms. A much- best atomic clocks. the back of your mind," says Brian D. Far- 
refined version might one day replace the Another p d c a l  limitation of this ver- rell, an evolutionary entomologist at Har- 
traditional atomic clocks that keep the sion is that the laser burst that reads the time vard University. On page 555, Farrell 
world on time. destroys the clock. And the magnetic hands the credit for this diversity to the 

Today's atomic clocks are pegged fields of the trap will probably blur beetles' own fondness for a leafy diet. 
to the frequency of light emitted the frequencies of the two Although the Coleoptera arose some 
when a cesium atom flips be- (2 states and degrade the 250 million years ago, "age alone doesn't 
tween two slightly different m- explain" their diversity, says Farrell. In- 

2 figumtions-one in which the condensak stead, his research shows that the appear. 
3 spin of the electron and the An image of atoms in ance of flowering plants some 100 million 

nucleus point in the same one state (a) reveals a years ago set leaf-eating beetles on specia- 
direction, and one in crater where atoms in tion's fast track. "It's a classic case of co- 
which they point in o p  the other state @) reside evolution," says Farrell. "The plants were 
posite directions. To get like a new, unoccupied island, and the her- 
an observable signal, bivorous beetles were among their first 
clocks usually watch colonizers-that's what opened the door 
millions of atoms. With such for their dramatic radiation." 
large numbers, havever, the atom in- To reach that conclusion, Farrell merged 
Mere with each other electrically, mearhg paleontology, phylogenetics, biogeography, 
out and shifting the precise spacing of and plain old natural Wry. "This kind of 
atomic levels, which blurs the regular tickiug. r analysis is what evolutionary biology is all 

Condensates offer a way to get more about," says Harvard's E. 0. W h n  "He's 
bang for the atom. A condensate forms addressed two of the most important prob- 
when a cloud of atoms is cooled to within a lems in the field: what determines the num- 
hair of absolute zero and all the atoms leap ber of species [in each taxon] and why some 
into the same quantum state "like lem- groups, like the leafeating W e s ,  are just 
mings," Wieman says. Then, it turns out, over the top in terms of success." Adds 
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Thomas Eisner, a chemical ecologist at Cor- 
nell University, "It's a classic study. Charles 
Darwin would be proud." 

The first beetles were not vegetarians- 
primitive beetles living today eat detritus 
and fungi-but it only took them 50 million 
years, or as Farrell says, "the evolutionary 
equivalent of about 50 seconds," to figure 
out they could survive on cycads, ferns, and 
conifers. Many of these earliest herbivores 

sperms. "They show an increase in diversity 
by several orders of magnitude," Farrell says. 
"Well over 100,000 new species of beetles 
arose because of that move to angiosperms." 

The findings, says Farrell, "show how 
moving into a new environment, where 
there's no competition, can free you for an ex- 
plosive adaptive radiation." Or, as Eisner 
pithily puts it, "it shows what happens if you 
eat your vegetables." -VIRGINIA MOREL1 

Understanding how plants block inappro- 
priate mating might allow researchers to 
"overcome those bamers and produce new 
hybrid crops," says Preuss. "For example, 
cold-tolerant plants could be crossed with 
plants that produce high-quality fruits." 

Because plants can't move, many are liter- 
ally at the mercy of the winds for introducing 
sperm, carried by pollen, to the eggs in the fe- 
male part of flowers. Factors such as species- 

dined on the interior sappy bark or stems of specific pollinators ensure that the right 
such plants, while their larvae munched the pollen ends up in the right type of flower, but 
nitrogen-rich, pollen-bearing structures in- 
side the cones. Farrell thought that tissue- 

u 

eating behavior could have prepared certain 
beetle species for the appearance of the 
juicy flowering plants, or angiosperms. 

The idea that plants and insects might be 
dancing an evolutionary pas de deux was first 
suggested in 1964 by Stanford University 
ecologist Paul Ehrlich and Missouri Botanical 
Garden botanist Peter Raven. "They had this 
cool vision early on," says Farrell, "about how 
plants could be the driving force in insect evo- 
lution, and vice versa." The hypothesis made 
sense because many insects are restricted to 
feeding on certain groups of plants-and 
many plants have defenses targeting insects. 
The idea took a hit 5 years ago, when Conrad _ Labandeira of the National Museum of Natu- 

2 ral History found that the appearance of an- 
: giosperms had no effect on the number of in- 

sect families (Science, 16 July 1993, p. 3 10). 
But the picture was different when Farrell ap- 
plied a finer lens to the most successful in- 
sects of all, the beetles. 

He analyzed highly conserved DNA se- 
quences from 1 15 species of the herbivorous 
beetle subfamilies, sampling up to six species 
from each, to create a phylogenetic tree show- 
ing the likely evolutionary relationships of to- 
day's beetles and when they diverged from 
common ancestors. He mapped his tree on 
floor-to-ceiling charts hung in his ofice, com- 
piling onto them data from fossils, species' dl- 
etary habits, and the biogeography of present- 
day beetles to identify h c h  beetle ancestors 
ate which host plants on which continents and 
over what time ueriods. "I felt like a uhotom- 
pher in a darkrdom," he says, ''watchkg asUthe 
chemicals made a picture emerge." 

The developing image revealed a tight link 
between plants and beetle diversity. While cy- 
cad and conifer-feeding beetles formed the 
family tree's trunk, angiosperm-eaters dangled 
from the top branches. Two related super- 
families, Chrysomeloidea (such as the Col- 
orado potato beetle) and Curculionoidea 
(whlch includes weevils), seem to have bene- 
fited particularly from the blossoming of a 
leafy, green world. Together, their known 
135,000 species comprise some 80% of all 
herbivorous beetles and almost half of all 
herbivorous insects. And their population 
boom coincides with the rise of angio- 

How Plants Pick 
Their Mates 
Plants don't flirt. They don't gaze too long 
or blush. They produce flowers but don't 
show up at the door with a bouquet. Even 
without such behaviors, though, they are 
very choosy about their mates and rarely 
cross-fertilize with other species in the wild. 
Now, researchers have shown for the first 
time that the female parts of plants make 
snap judgments-good ones-about 
whether they have something in common 
with the pollen grains on their threshold. 

At the Society for Developmental Biology 
meeting at Stanford University last month, 

For keeps. Pollen grains (yellow), magnified 
600 times, cling to female flower part. 

Daphne Preuss, a plant geneticist at the Uni- 
versity of Chicago, and her colleagues report- 
ed that the receptive female part, the stigma, 
of the experimental plant Arabidopsis grabs 
pollen of the same species and holds on so 
tightly that even the sheer force of a cen- 
trifuge can't separate the two. But pollen 
from a different species just falls off. What's 
more, the stigma apparently discriminates 
among its suitors by conversing with the cell 
wall of the pollen grain, a structure most sci- 
entists had deemed to be as uncommunicative 
as, well, a wall. 

pollen from other species often makes its way 
to the stigma as well. So, the female tissue 
raises many obstacles to hinder mismatched 
sperm on its way to the egg, explains Dina 
Mandoli, a plant developmental geneticist at 
the University of Washington, Seattle. But the 
earlier the female foils any interloping sperm, 
the better, and "no one had looked at the very 
first step before," she says. 

To find out whether the female tissue as- 
sesses potential partners upon first contact, 
Greg Zinkl, a postdoc in Preuss's lab, brushed 
an Arabidopsis anther, which canies pollen, 
on a stigma. He dislodged unbound pollen by 
adding a solution containing detergent and 
centrifuging or vortexing the stigma. Then, he 
counted the pollen grains still attached-and 
found that many had made an instant connec- 
tion. "This is very abusive treatment," says 
Preuss. "We'd expect things to pop off if they 
could, but amazingly, the pollen sticks very 
well." When Zinkl repeated the experiment 
with pollen from the unrelated petunia plant, 
the pollen fell off. 

When the researchers looked at the plant 
surfaces through an electron microscope, 
they saw no physical structures that might 
explain how the plant parts embrace-no 
entangling hooks and loops. "Whatever it is 
has to be very small-some kind of molecu- 
lar Velcro," says Preuss. "We're at the level 
of chemistry--not large cellular structures." 

Although the group hasn't yet tracked 
down the sticky molecules, a preliminary 
search for mutant pollen cells that don't ad- 
here properly suggests that structural defects 
in the cell wall ruin the attraction. This adds 
to a growing realization that cell walls play an 
active role in cell-cell signaling, researchers 
say. "People have always had this idea that the 
cell wall is an inert matrix-just cork, boxes 
that hold cells in place," says Scott Poethig, a 
plant developmental geneticist at the Univer- 
sity of Pennsylvania, Philadelphia. "But it's 
becoming clear that the cell wall is a play- 
ground where a lot of molecules can interact 
and talk with each other." 

Whatever the precise mechanism, it 
seems that the instant alliance between 
pollen and stigma is based on surface attrac- 
tion. But among plants, at least, this type of 
union sticks. -EVELYN STRAUSS 
Evelyn Strauss is a science writer in San Francisco. 
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