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two sexes sort out into distinct branches of a
genetic tree. They remain affiliated not by gene
exchange but by the odd parasitic exploitation
of females by males and by the mutualistic
production of workers. 

It is interesting to consider how this bizarre
separation may rewrite the rules of colony evo-
lution. Normally, workers evolve through kin
selection based on their expected relatedness
to the gynes and males they raise4,5. In W.
auropunctata, a worker’s maternally derived
genes — call them matrigenes (red or pink in
Fig. 1) — are related to gynes but not to males.
Conversely, their paternally derived patrigenes
(blue in Fig. 1) are related to males but not
gynes. Normally, such asymmetries are aver-
aged out by kin selection, because worker
genes can’t tell when they are matrigenes and
when they are patrigenes (with the possible
exception of so-called imprinted genes, which
have been labelled by parents, for example by
tagging them with methyl groups6,7).

But in W. auropunctata, matrigenes always
remain matrigenes, so they will be consistently
selected to favour gynes at the expense of
unrelated males. Similarly, patrigenes remain
patrigenes, and selection on them should
favour related males over unrelated gynes. The
result could be fierce conflict within worker
genomes. Such conflict might be reduced if
gynes can mate only with males of their own
colony, because harming a colony’s males
would also harm its gynes, and vice versa. 

Strange patterns of natural selection might
also explain why two standard modes of repro-
duction have shut down. First, why would
queens give up producing males by the normal
pathway (Fig. 1a)? As the system stands, there
is no selection for queens to produce males. 
A queen who produced males gains no 

advantage in her own (female) gene pool; it is
like putting her genes in another species. I 
suspect that similar logic applied, although
with less force, when the female and male
pools were only partially separated. The lower
value of putting genes in the male pool would
select against females doing so.

Why sexually produced females cease
becoming gynes may be understood by a com-
bination of the last two arguments. First, we
need to consider the patrigenes and matri-
genes separately. Worker matrigenes would
not gain from replacing gynes who have 
a copy of the gene. The patrigene would 
seemingly gain, but only in the female pool.
Again, it is like putting copies of its genes in
another species.

If further work confirms that males and
females never exchange genes and follow 
completely different evolutionary branches,
then perhaps we really should classify them 
as separate species. If the females remain 
Wasmannia auropunctata, we would need a
new name for the first all-male species weird
enough to be from another planet. Wasmannia
mars would serve nicely. ■
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A drop of liquid surrounded by air — is there
anything left to discover in such a simple 
system, 200 years after Thomas Young and
Pierre-Simon de Laplace laid the scientific
foundations of capillary action? Writing in
Physical Review Letters, Xu, Zhang and Nagel1

reveal that air, which has been viewed as a 
passive fluid in the story, plays an unexpect-
edly active role in creating the splash that
occurs when the drop hits a solid surface.

The first drops of heavy rain hitting a pond
or a puddle encapsulate the full complexity of
liquid–liquid impact. Hemispherical ‘storm
bubbles’ (‘frozen’ by the presence of surfac-
tants that are always present in such open envi-
ronments) are distinctive features produced 
by the ejection of thin sheets of liquid after 
the shock of impact. Pioneers of high-speed
imaging, such as Harold Edgerton, confirmed

that for any liquid or solid substrate, a 
corona forms upon a fast impact, which
explodes into droplets to form what we usually 
call a splash2,3.

Xu and colleagues1 similarly use a high-
speed camera (47,000 frames per second), in
this case to view the impact of an ethanol drop
hitting a dry glass surface at a velocity of about
3 m s�1 (Fig. 1). In ambient conditions, a thin
sheet of liquid emerges around the impacting
drop, and after 0.2 ms a corona forms, which
precedes the usual splash. However, the behav-
iour is dramatically different in a reduced
atmosphere: below 0.3 atm (a pressure still
large enough to prevent the drop from evapo-
rating), the thin film ejected after impact
remains stuck to the glass. Neither corona nor
splash occurs. Instead, the drop gently spreads
— as if it had been placed, rather than dropped

FLUID DYNAMICS

Impact on Everest
David Quéré

When a drop of liquid plummets onto a surface, the result is a splash — but
not it seems if the process occurs at reduced atmospheric pressure. Here,
perhaps, is a way to tune splash behaviour for practical ends.

Figure 2 | Female castes. Two queens of Wasmannia auropunctata, along with workers attending to a
brood. Queens and males are produced clonally, the sterile workers by sexual reproduction.
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— on the glass, except the spreading is much
quicker owing to the energy of the falling drop.

This is a spectacular finding because it
unambiguously demonstrates the effect of air
in the splashing story. And it might also have
practical consequences. The pressure reduc-
tion required to suppress the splash is modest
— the air is only as rarefied as that on top of
Everest. Such a partial vacuum is easily gener-
ated, providing a simple and efficient way of
suppressing the emission of droplets that 
limits the resolution in ink-jet printing, for
example. Moreover, an understanding of the
role of air might also help to enhance the gen-
eration of drops in situations where it is desired,
as in combustion or the production of sprays.

Xu and colleagues1 have a surprising propo-
sition to explain their results. As a liquid drop
approaches a solid surface, the liquid can
either displace or compress the air. Based on
the rapid initial spreading of the liquid on 
the surface (the radius of the spreading disk
increases as the square root of time), the
authors suggest that the liquid front com-
presses the air. At a standard pressure, the gas
resists compression, forcing the liquid edge to
lift, after which this free liquid sheet cannot
avoid breaking. The corresponding force (per
unit area) is proportional to the gas density,
speed of sound (resulting from air compres-
sion) and liquid velocity. Surface tension,
which maintains the liquid cohesion, opposes
this destabilizing force. Splashing occurs when
the two forces are equal, and so is reduced as
the gas density vanishes. 

This subtle argument needs to be con-
firmed, because it assumes a speed on the
order of the speed of sound, which is only true
in the first fraction of a microsecond after
impact (a much shorter timescale than
observed experimentally). But it also allows us
to understand why different gases behave 
differently; Xu et al. observed that splashing
occurs more easily with a heavier gas (such as
krypton or sulphur hexafluoride), showing an
unexpected way to tune a splash.

The idea that air can be used to control the
behaviour of a drop can be exploited for other
purposes. A drop deposited on a pool of the
same liquid will coalesce with that pool, but
only after the film of air between the drop and
the surface has disappeared. This typically
takes a tenth of a second — a time hardly
appreciable to the human eye. But if one finds
a trick to renew this film, coalescence can 
be inhibited. Couder and colleagues4 have
applied such a trick. Vibrating the pool at a
sufficiently high frequency prevents coales-
cence ‘for ever’ (more than three days). The
drop simply bounces on the surface of the
pool, provided that the acceleration of the
vibrating bath is at least the same as the accel-
eration due to gravity (9.8 m s�2). The impact
of the liquid on the surface is much softer than
in Xu and colleagues’ experiment. This main-
tains the integrity of the floating drop, whose
mobility is enhanced through the lubricating

effect of the air, making it easy to manipulate.
By ‘feeding’ the drop, Couder et al. can main-
tain floating globules of liquid several centi-
metres across, which persist long after the
vibration has stopped, because of the slow
‘drainage’ of air at these large scales. 

The two experiments1,4 demonstrate that air
is not as passive as we thought, and that it can
be used for tuning the behaviour of drops. Our
understanding of such problems as air entrap-
ment or jet impact5,6 should benefit from this
amended vision. ■

David Quéré is at the Laboratoire de Physique 
de la Matière Condensée, Collège de France,
75005 Paris, France.
e-mail: david.quere@college-de-france.fr

1. Xu, L., Zhang, W. W. & Nagel, S. R. Phys. Rev. Lett. 94,
184505 (2005).

2. Thoroddsen, S. T. J. Fluid Mech. 451, 371–381 (2002).
3. Thoroddsen, S. T. & Takehara, K. Phys. Fluids 12, 1265–1268

(2000).
4. Couder, Y. et al. Phys. Rev. Lett. 94, 177801 (2005).
5. Zhu, Y., Oguz, H. N. & Prosperetti, A. J. Fluid Mech. 404,

151–177 (2000).
6. Eggers, J. Phys. Rev. Lett. 86, 4290–4293 (2001).

Figure 1 | Impact zone. As shown
in these high-speed photographs
taken by Xu et al.1, air pressure
determines the outcome of the
impact of an ethanol drop on dry
glass. a, At ambient pressure
there’s a splash. b, In a rarefied
atmosphere — 0.3 atm,
equivalent to that found at the
summit of Everest — a corona
fails to form and there is no
subsequent splash.
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Summing up cancer stem cells
Brian J. P. Huntly and D. Gary Gilliland

Are current cancer drugs targeted at the wrong kinds of cells? A pioneering
approach to the development of treatments uses a mathematical model to
follow how different types of tumour cells respond to therapy. 

In this issue, Michor and colleagues (page
1267)1 address the vexing problem that
although many cancer drugs dramatically
reduce the size of tumours, most cancers will
eventually recur, often fatally. The authors
model the dynamic changes in populations of
cancer cells during treatment, and their data 
fit with the theory that there is a small popula-
tion of cells — ‘cancer stem cells’ — that 
are ultimately responsible for the growth 
of tumours and are resistant to current thera-
pies. Furthermore, the results imply that these
cells may provide a reservoir for the generation
and propagation of mutant cells that are 
also resistant to therapy. This innovative 
modelling strategy should allow prospective
evaluation of drugs aimed at eradicating 
cancer stem cells. 

The cancer-stem-cell hypothesis posits a
very rare population of cells within tumours
that are the only tumour cells with the capac-
ity for limitless self-renewal (reviewed in ref.
2). This concept has important therapeutic
implications, and may explain why it is possi-
ble to treat many cancers until the tumour
cannot be detected, and yet the cancer returns.
It is plausible that current treatments do 
not eliminate cancer stem cells, which can
then regenerate the tumour once the treat-
ment stops. This theory is not new, but it is
only recently that advances in technology 
have allowed the prospective identification
and purification of cancer stem cells, a goal
first accomplished in leukaemias3, and now
extended to breast cancer4 and tumours of the
central nervous system5. 
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