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so, their characterization could help to 
clarify many of the unresolved issues dis- 
cussed above. Zebrafish genetic screens 
have identified many additional mutations 
that perturb midline mesodermal and neu- 
ral differentiation (32), and it seems likely 
that the molecular analysis of some of 
these mutants will reveal novel compo- 
nents in the pathway of floor plate differ- 
entiation. The need to define the relative 
contributions of Hh-dependent and -inde- 
pendent signaling to floor plate differenti- 
ation should maintain this intriguing cell 
group at the center of developmental stud- 
ies for some considerable time. 
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Go Forth and Multiply 
waves get bigger as the gas is cooled and 
energy is removed from the particles. If the 
particles are cold enough the waves then 

Keith Burnett overlap and condensation occurs. We can 
look then directly at the quantum wave- 

I n Bose-Einstein condensed systems, in- expand. In recent studies the macroscopic form and determine its shape without de- 
stead of each atom occupying its own nature of the wave function of the atoms, stroying it. Such direct access is not usual- 
quantum world, they have all entered a or matter wave coherence, has been exam- ly possible because waveforms usually 

single macroscopic quantum state. Over ined in detail: Why is this such an interest- have just the one owner and measuring 
the past several years, exploration of the ing issue? them destroys them. If, however, we can 
remarkable properties of these gases has Bose-Einstein condensation is one of get many atoms to share the same wave 
proceeded apace. The first Bose-Einstein the most intriguing phenomena one can see function, observing it just knocks out some 
condensed atomic gases were produced in in physical systems. When it of the atoms without de- 
1995 at JILA by the group of Eric Cornell takes place, the wave-mechani- stroying the waveform. The 
and Carl Wieman (I). In these experi- cal properties of atoms are arn- wave is then a macroscopic 
ments, rubidium atoms were trapped in a plified to levels at which they thing: looking at it does not 
magnetic field and cooled to nanokelvin can be observed and manipu- eliminate it. 
temperatures. Since then other scientists lated directly. We know that in Bose-Einstein condensed 
around the world have succeeded in pro- the microscopic world quan- atomic assemblies are par- 
ducing condensates in a variety of traps turn mechanics rules the waves. ticularly interesting and use- 
and with several alkali atoms (2). At the In most circumstances, howev- ful for the study of these 
Massachusetts Institute of Technology er, we can only infer the shape macroscopic quantum ef- 
(MIT), earlier this year, a condensate has of the waveforms that control Cold condensate. Spatial fects. First, the interactions 
even been produced in atomic hydrogen the motion of particles in the image of a rubidium-87 between the particles have 
(3). And now, as reported on page 1686 of microscopic world. It is, how- condensate just below the only a very small effect on 
this issue, Anderson and Kasevich at Yale ever, sometimes possible to see transition temperature.The the behavior of the atoms, 
have demonstrated the Bose-Einstein these waveforms writ large and condensate contains -lo4 and nearly all of them share 
equivalent of the well-known Josephson accompanied by phenomena atoms and has a -9-IJm the same waveform. The 
effect in superconductivity (4). such as superfluidity and su- waist along the small effect of interactions 

Greytak and Kleppner's work with hy- perconductivity. The macro- axis. The non-cOndensed also means that it is possible 
drogen (3) has attained a goal that provid- scopic nature of these quantum fraction is a'so to make first principle cal- 
ed the initial stimulus for the whole search mechanical systems is at the culations of the properties 

$ for Bose condensation in the 1970s. These heart of the phenomena. It occurs when the and the behavior of the assembly. (For oth- 
developments herald a new field of coher- individual matter-waves of the constituents er systems where condensation occurs, 
ent matter wave physics that is moving in- of a material start to overlap. If the parti- such as liquid helium, the effects of inter- : to fresh areas as the range of systems and cles are bosons (more precisely, particles actions is very large and theory is not so 

$ the degree of control over them steadily with integral spin that obey Bose-Einstein straightforward.) The theory is being sub- 
! statistics), they can jump into a shared jected to stringent quantitative tests, and - - 

The author is in Depanment of pPhycs, l.ni- waveform that we t e r m a  condensate: ?or low temperatures the theory has 
versity of Oxford, Oxford 0x1 3pu, UK. ~ - ~ ~ i l :  hence, the term Bose-Einstein condensa- emerged with flying colors. For higher 

5 k.burnettl@physics.ox.ac.uk tion. In the atomic gases the individual temperatures the atomic Bose-Einstein 
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condensates are proving to be an excellent 
test-bed for theories of quantum assem- 
blies at finite temperatures. This is a sub- 
ject of importance in a wide range of sys- 
tems, including nuclear collisions and 
phase transitions in the early universe. The 
other crucial feature of the ultracold atom- 
ic condensates is their sensitivity to con- 
trol by very modest strength fields, includ- 
ing laser fields. This makes it possible to 
manipulate and control their shape with 
surgical precision as has been sho~vn in 
several recent experiments. External fields 
can be used to change the strength of the 
interactions between atoms, as was first 
shown by Wolfgang Ketterle's group at 
MIT (6). Atoms also have internal states 
into which the condensates can be trans- 
ferred and retrieved at will. 

The macroscopic coherence of the 
wave function Lvas beautifully displayed in 
the earlier MIT experiments. Anderson 
and Kasevich (4) have been able to ob- 
serve directly one of the most interesting 
and important effects: macroscopic quan- 
tum oscillations in a waveform. These 

Josephson effects have been observed and 
routinely used in superconducting junc- 
tions and more recently in superfluid liq- 
uid helium (6). They rely on the fact that a 
macroscopic wake can extend over an ob- 
ject such as a small wall. In the case of the 
Yale experiments (4) the wave extends 
over many wells of a potential formed by 
the standing wave of a laser field: an opti- 
cal lattice. This is the advantage of ultra- 
cold atoms: The force due to a laser light 
field is enough to form a lattice in which 
the atoms' motion is confined and an ex- 
traordinary range of behavior investigated. 
This is done by first producing a Bose 
condensate of rubidium atoms with the 
methods that are now "standard". The 
atoms are then captured in the laser field 
that holds the wave function, spread across 
many potential wells. When atoms fall out 
of this arrangement, because of gravity, 
they do so in a way that has to be thought 
of as them moving coherently from all of 
the wells at the same time. This coherent 
escape produces beautiful interference ef- 
fects in the form of pulses in the waveform 
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No Need to Isolate Genetics 
Michael E. Soule and L. Scott Mills 

B y the age of 16 every kid knows about 
the cultural taboos of incest-and that 
it is genetically contraindicated to 

marry your cousin, let alone a sibling. 
Avoidance of inbreeding is not limited to 

human beings, how- 
Enhanced online a t  ever. Many plants (1) 
www.sciencemag.org/cgi/ and animals (2) eval- 
mtent/full/282/5394/1658 uate relatedness (3) 

and avoid matings 
~vi th  close relatives. In a small isolated 
population, inbreeding occurs because of a 
limited number of mates to choose from, 
not from preferential mating among kin. 
This can lead to increased homozygosity, 
and, therefore, to homogeneity of the genes 
affecting the immune response (4) and to 
increased expression of recessive deleteri- 
ous genes that reduce survival, fertility, and 
physiological vigor (5) .  

Conservation geneticists have argued 
that in small populations the extinction 
probability should increase over time be- 
cause these genetic effects magnify the ex- 
trinsic sources of jeopardy, including dis- 
ease, inclement environmental conditions, 
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that moves away from the lattice (see fig- 
ure). The shape of the interference pattern 
reflects the nature of the coherence across 
the lattice and, hence, the macroscopic 
quantum coherence that is established. 
Small differences in the potential energy 
from one well to the next, due to the pres- 
ence of gravity, give rise to a varying 
phase of the wave across the lattice and 
profoundly affect the shape of the output. 
This response to small changes means the 
system is exquisitely sensitive to weak 
forces and may thus be the basis for new 
types of measurements. 
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the same time, adjacent populations in 
Kansas, Minnesota, Missouri, and Nebras- 
ka have remained comparatively large and 
widespread. Concurrent with the popula- 

tion decline, egg fertility and 
hatch success in Illinois prairie 
chickens also declined and was 
lo~ver than in the neighboring 
large populations. The decline 
in egg hatching success in fully 
incubated clutches was corre- 
lated with a decrease in genetic 
variation, both for the Illinois 
birds when compared with the 
larger, nearby populations (7 ) ,  
and for the present population 
compared with historical sam- 
ples collected before the demo- 
graphic contraction (8). 

Spring booming. Prairie chickens still thrive in  a f ew  areas of Loss of genetic variation in 
nat ive grasslands, where courting males s tomp their  feet  small isolated populations is in- 
while making hollow moaning sounds. evitable, as is an increase in the 

inbreeding coefficient of sur- 
and random demographic events. On page viving individuals. Nevertheless, critics 
1695 of this issue Westemeier et al. ( 6 )  have pointed out that the theoretical inex- 
provide one of the first extensively docu- orability of inbreeding in small isolated 
mented examples of these complex inter- populations does not necessarily translate 
actions pushing a formerly large popula- into inbreeding depression or an increase 
tion toward extinction. in the likelihood of extinction (9). For in- 

Westemeier et al. (6) monitored greater stance, such a small population is likely to 
prairie chickens in Illinois for 35 years, be in dire straits already because of expo- 
noting a steep population decline as habi- sure to chance environmental events 
tat was lost, as the population became iso- (droughts, storms, disease), or simply be- 
lated during the 1970s, and as the Illinois cause of demographic accidents, including $ 
population reached a demographic low of those that might skew the sex ratio. Al- 
less than 50 birds by the early 1990s. At though modeling results have demonstrat- 
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