
The structure of matter on microscopic
scales is a pervasive theme in modern
science. The successes of solid-state

physics are built on exploiting the regularity
of atomic arrangements in crystals.
Chemists and materials scientists focus on
relationships between the structure and
properties of molecules and materials. 
Molecular biologists are concerned with the
interplay of structure and function in bio-

logical molecules and their assemblies.
Describing the crystalline order of solids is
relatively straightforward, but the order
found within ‘disordered’ materials, such as
a liquid, glass or a protein molecule, is far
more subtle and trickier to capture. On page
318 of this issue, Errington and Debenedetti1

show that combining two measures of the
structural order in water — the most familiar
of liquids but one that is notoriously peculiar

— reveals striking patterns of structural
change, and also its relation to water’s
unusual properties.

Perhaps the best-known peculiarity of
water is its ‘density maximum’ at 4 °C (at
atmospheric pressure); cooling or heating
water from this temperature causes it to
become less dense. An equally striking but
less-known anomaly is that, as the density of
water is increased, water molecules begin to
move about — or diffuse — faster, but only
up to a point known as the ‘diffusivity maxi-
mum’. At higher densities, the diffusivity
decreases with increasing density, just as in
normal liquids. By using computer simu-
lations, Errington and Debenedetti identify 
a ‘structurally anomalous’ region in the 
density–temperature phase diagram of water,
in which order decreases with increasing
density. They also find that all the unusual
density and diffusivity behaviour occurs in
this region, suggesting a precise link between
anomalies in structure and behaviour.

In crystalline solids, atoms or molecules
are arranged in a regular array. No such obvi-
ous order exists in liquids. A microscopic
‘snapshot’ of a liquid would reveal atoms in a
disordered jumble, much like people packed
during rush hour into a crowded subway in
New York, or, even better, a local train in
Mumbai. There is some form of order never-
theless, and it arises from what the English
humorist P. G. Wodehouse describes as the
law that “a given spot… at a given moment of
time can be occupied by only one body”. From
where one passenger stands, another passen-
ger in any direction must be found a well-
defined distance away, and the next at roughly
twice that distance, and so on. But such
order doesn’t persist over long distances.
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Water is a common but unusual liquid. Precise measures of the
arrangement of molecules in water may help us to better understand 
some of its peculiar properties.

selection to be responsible for the elabora-
tion and divergence of songs in the greenish
warbler. By contrast, they believe that the
similarity in body size of the northern forms
stems from natural selection acting on size.
Both natural selection (especially in so-
called ecological speciation)12,13 and sexual
selection14,15 have been the subject of close
recent interest. So the work of Irwin et al.2

makes a multifaceted contribution to the 
current debate on species formation. ■
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Any child can tell a cat from a dog.
But the difference has to be learned,
and describing it is far from simple.
Cats include cheetahs, lions and
tabbies; dogs include Siberian huskies
and dachshunds. How do we make
the jump from recognizing a particular
set of features to establishing a more
general concept or category that will
help us extrapolate to new situations?

Writing in last week’s Science
(291, 312–315; 2001), David J.
Freedman and colleagues describe
how they have explored this question
by training monkeys to distinguish
between ‘catness’ and ‘dogness’. The
authors used computer graphics to
create blended images from a set of
three dog and three cat images. An
example of a cheetah, a Dobermann
and, in between, a blend of the two is

shown on the right. They then taught
the monkeys to indicate, by releasing
a lever, whether a sample image was
of the same type as a test cat or a test
dog. Monkeys, it turns out, are good at
learning this distinction: even when
the image was 60% cat and 40% dog,
the monkeys reliably reported that it
was like a cat. Furthermore, monkeys
were not simply memorizing specific
blends of cats and dogs as belonging
to one category, because new blends
were tested during the experiment.

To find out how these categories
are represented in the brain, the
authors recorded neural activity in the
lateral prefrontal cortex — an area of
the frontal lobes previously implicated
in guiding complex behaviours —
while the monkeys performed the
task. Surprisingly, they found category

information represented at the level of
single neurons. That is, regardless of
whether the image was 60%, 80% or
100% dog, individual neurons
responded in a similar way; but they
responded differently for 60%, 80% or
100% cat. 

Obviously, these category
representations were the result of
training — neurons in a monkey’s
lateral prefrontal cortex probably don’t
care about ‘dogness’ under normal
circumstances. Indeed,  the authors

went on to train one of their monkeys
on a new, more abstract categorization
of the same images, and showed that
neurons no longer distinguished cats
and dogs as they did previously, but
now coded for the new categories.
How these representations come to 
be formed rapidly and reversibly in 
this part of the brain is not going to 
be easy to answer. But it is clearly
closely related to how we learn to
categorize our world into meaningful
concepts. Hemai Parthasarathy
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