
thought, by how much energy they've ex- 
pended on their trip. In a key experiment, 
Mandyam Srinivasan and Shaowu Zhang, 
neurobiologists at Australian National Uni- 
versity in Canberra, Jiirgen Tautz of the Uni- 
versity of Wiirzburg in Germany, and their 
colleagues tested this idea by training bees 
to fly down tunnels with different patterns 
painted inside. They found that the bee 
danced longer than it should have after fly- 
ing through a semicheckered tunnel that 
gave the bee the sense of moving past many, 
many objects. If the tunnel was lined with 
horizontal stripes, which had no vertical 
boundaries to signifjr an object being passed, 
the bee's dance was too short. These experi- 
ments, coupled with earlier work by Esch, 
strongly indicated that the bees use the pass- 
ing landscape to click off the meters. 

In this new work, Srinivasan, Zhang, 
and Tautz teamed up with Esch to see 
whether a bee actually communicated its 
misperceptions to other bees. "It's another 
in a series of very cleverly designed experi- 
ments," comments Mark Frye, a neurobiol- 
ogist at the University of California, Berke- 
ley. The researchers first set up a tunnel 
lined with a complex pattern, then trained 
bees leaving the hive to fly through the tun- 
nel to get to a feeder on the other side. 
They videotaped the bee's dance when it 
returned and calculated the distance com- 
municated. The bee danced as if it had trav- 
eled 72 meters instead of 11, the true dis- 
tance. 'The bees felt like they had gone a 
greater distance," says Frye. 

The researchers then stationed them- 
selves 35,70, and 140 meters away from the 
hive for 2.5 hours and counted how often 
bees h m  the hive flew up to them in search 
of food. About three-quarters of the 220 
bees approached the 70-meter spot looking 
for nectar-the distance communicated in 
the dance. Based on these results, says Frye, 
"there is now no question that the way 
honeybees communicate distance depends 

- on what they see." -ELIZABETH PENNIU 

i 
1 Radical Gravity Theory 
a Hits Large-Scale Snag 
2 

La fin du MOND c'est arriv6-perhaps. For 
a nearly 2 decades, modified Newtonian dy- 
5 namics (MOND), a heretical theory that al- 

ters some properties of gravity to eliminate 
% the need for dark matter, has survived one 2 astronomical observation after another-d 
r even gained strength in the process. But 
g now, physicists at the Institute for Advanced 

Study in Princeton, New Jersey, have shown 
g that the theory is deeply at odds with obser- 
% vations of galaxy clusters, suggesting that 
% MOND is in trouble. 

N E W S  O F  T H E  W E E K  

"I take it very seriously," says Stacy Mc- 
Gaugh, an astrophysicist at the University of 
Maryland, College Park, who has supported 
the theory. "It's a real problem for MOND." 

On one level, MOND is an attractive idea. 
Astronomers have long been troubled by the 
motion of matter within galaxies; peripheral 
stars and clouds orbit the galactic center 
faster than Newtonian (and Einskinian) laws 
of gravity dictate. Most 
scientists explain the dis- 
crepancy by assuming 
that galaxies are sur- 
rounded by a halo of in- 
visible matter, but in 
1983 Mordechai Mil- 
grom of the Weizmann 
Institute of Science in 
Rehovot, Israel, created 
MOND as an alternative 
explanation. He altered 
the standard rule for 
gravity so that slowly ac- 
celerating objects 
feel a slightly 

I 

pressure, and acceleration. Those factors, in 
tum, reveal information about what governs 
the clouds' m o t i o d  maiter or rdikl 
gravity. It turns out that MOND f$ils the test: 
The observed tempemtms look nothing Like 
what would be expected in a MOND-con- 
trolled cluster. The data "disagree very strong- 
ly with MOND's prediction," says Aguirre. 
"MOND is not a viable alternative to dark 

maiter in clusters." 

1 
"There is a conun- 

drum," Milgrom ad- 
mits, although he 
notes that he has 
known about problems 
with galaxy clusters 
for some time. Addi- 
tional unseen matter, 
like the once-unknown 
x-ray-emitting gas 
throughout the cluster, 
might account for the 
discrepancy, he says. 
'There is always room 
for vet-undetected 

stronger graiita- matter," he says. 
tional pull than To Aguirre, this is an unsatisfy- 
Newton's laws dic- ing solution. Unseen matter, he 
tate. That gives the points out, smacks of the very 
outer edges of problem MOND was designed to 
galaxies an extra avoid. Soon, observations of the 
little tug, causing cosmic background radiation- 
them to move fast- precise measurements of a third 
er. The tweak re- "peak" in the data-may well put 
produced the mo- the matter to rest once and for all. 
tion of the galaxies A matter of scale. Although "Oh, I hope so," says McGaugh. "I 
with high precision, M O N D  succeeds in individual really do hope so." In the meantime 
without the need galaxies such as MlOO, it fails in Milgrom holds fast to MOND, al- 
for dark matter. g a l ~  groups like thevigo duster- though he admits the possibility 

"It's a simple that his theory will one day be fal- 
and clear prediction that matched the obser- sified. "As its inventor, I would like it to be 
vations well," says Anthony Aguirre of the a revolution, but I look at it coolly," he says. 
Institute for Advanced Study. "It does seem "I will be very sad, but not shocked, if [the 
to succeed miraculously well." On another answer] huas out to be dark matter." 
level, however, MOND is a very unappeal- -CHARLES SEIFE 
ing theory, because mathematicians haven't 
been able to meld it with the hnework of A S T R O N O M Y  

general relativity, 
~t should come as no sumrise that scien- Deep-Space 'Filament' 

ti& have been taking potshdts at MOND for 
years; however, the theory has survived 
them surprisingly well (Science, 28 January 
2000, p. 572). Indeed, a missing "peak" in 
microwave-background data (Science, 
28 April 2000, p. 595) was briefly seen as a 
surprising source of support for MOND, al- 
though the peak has since been found 
(Science, 4 May, p. 823). But the tide might 
nowbeturning. 

Aguirre and his colleagues have a d y z d  
x-ray data h m  the ROSM, ASCA, and Bep 
poSAX satellites to determine the temperature 
of matter in galaxy clusters. Much of that mat- 
ter takes the f o m  of x-ray-emitting gas, 
whose temperature depends on its density, 

shows cosmic Fabric 
Astronomers peering back to the early days 
of the universe have detected the primordial 
building blocks of galaxies. These cosmo- 
logical Leg0 blocks-older and smaller than 
any detected before-are arranged in an 
elongated filament. The observations sup- 
port a popular theory of cosmic evolution in 
which matter fust collected into a network 
of thin filaments and later coalesced into 
clusters and superclusters. 

The so-called cold dark matter theory 
was proposed some 20 years ago to explain 
the structure of the universe. It holds that in 
the earliest days after the big bang, exotic 
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