is doubtful whether analyses of overall cranial
shape have the diagnostic power to distinguish
between closely related taxa, as is indeed dem-
onstrated by some of the analyses presented in
the report. Species are defined by specific mor-
phological features, not by overall cranial shape.
Lordkipanidze and colleagues’ list of individual
features could have been informative in this
respect, but it is not analysed systematically,
nor is a distinction made between traits that
are derived (absent in the last common ancestor
of a group) or primitive (already present in the
last common ancestor) — a distinction that is
essential to establishing phylogenetic relation-
ships. Moreover, the features are categorized
in a way that sometimes obscures, rather than
highlights, important differences. For example,
two crania attributed to H. rudolfensis’ clearly
differ from all other early Homo specimens
in the degree of facial projection around the
mouth. This distinction is not revealed in the
authors’ table of features because of the arbi-
trary way the associated angle is categorized.
Finally, the authors make no reference to the
available non-cranial fossil evidence, even
though biomechanical analyses of specimens
attributed to H. habilis and H. erectus indicate
marked differences in locomotive behaviour'".

The new cranium’s small brain size, pro-
jecting face and large cheek teeth are primi-
tive for H. erectus (in the conventional use
of this species name), but the specimen also
shows derived morphological features that are
typically found in this species, but not in speci-
mens attributed to H. habilis or H. rudolfensis.
These include its thick and protruding brow
ridges, the distinct shape of the occipital bone
(Fig. 1) and the arrangement of the temporal
bone in basal view. This pattern of combined
primitive and derived morphology is seen
in other Dmanisi specimens as well, but in
the new cranium the primitive aspect is par-
ticularly prominent. As such, this morphol-
ogy seems to correspond to what one would
expect not too long after the H. erectuslineage
diverged from a more generalized form of early
Homo. It would also be compatible with the
centrifugal model of speciation'?, in which
central populations in Africa are more derived,
and peripherally distributed ones in western
Asia and southern Africa (such as Homo at the
Swartkrans site) retain primitive features.

The discovery of the new Dmanisi cranium
will greatly help with the evaluation of the
fossil record of early Homo in eastern Africa,
which is temporally and geographically more

Recipe for regularity

A detailed astrophysical model has been laid out that not only reproduces the
far-infrared-radio correlation for galaxies that are actively forming stars, but
also predicts how the correlation is modified at high redshift.

ELLEN ZWEIBEL

alaxies, particularly those that,

like our own Milky Way, actively

form stars, are complex systems
in which a vast array of physical pro-
cesses operate simultaneously (Fig. 1).
Patterns of regularity in galaxy behav-
iour are often interpreted, therefore, as
evidence for global self-organization,
and thus for the workings of the sys-
tem at a fundamental level. One such
pattern is a remarkably tight correla-
tion between the rate of star formation
and that of synchrotron radiation from
cosmic-ray electrons gyrating in the
galactic magnetic field. This correlation
has now been reinterpreted by Schleicher
and Beck, through the lens of modern
ideas about magnetic-field amplifica-
tion in galaxies, in a paper' published in
Astronomy & Astrophysics. The authors
provide predictions about the evolution
of the correlation, and the physical quan-
tities underlying it, over cosmic time.

Figure 1 | An ultra-luminous infrared galaxy. Galaxy

IRAS 19297-0406, shown here in a composite image, is an
extreme example, in terms of its star-formation rate, of the type of
galaxy described by Schleicher and Beck'.
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diverse, and generally less well-preserved. This
should contribute to a better understanding
of where and when the H. erectus lineage first
emerged, and how it relates to other taxa of
early Homo. m
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These predictions will be testable with the radio
telescopes currently under development.

Observations at wavelengths from radio to
y-rays are providing a detailed picture of the
structure and evolution of galaxies, from their
formation just a few hundred million years
after the Big Bang to the present. One of the
most tantalizing results to emerge from multi-
wavelength studies is that the far-infrared (FIR)
and radio luminosities (Ls, and L, ) from gal-
axies over several orders of magnitude in gal-
axy luminosity and size show a weakly
nonlinear correlation: L4 ~ Lg,", where
the exponent x has a value in the range
1.15-1.3 (refs 2,3).

The radio luminosity is primarily
emitted by relativistic cosmic-ray elec-
trons circling galactic magnetic-field
lines and is roughly proportional to the
product of magnetic-field and cosmic-
ray-electron energy densities. The FIR
luminosity is emitted by interstellar dust
heated by the ultraviolet radiation from
massive stars. Because the lifetimes of
these stars are short by galaxy-evolution
standards (a few million years), the
number of these stars in a galaxy is pro-
portional to the rate at which they form.
Thus, the FIR-radio correlation suggests
that the product of magnetic-field and
cosmic-ray-electron energy densities
scales with the star-formation rate, with
exponent x and a scatter of only about 2
over a wide range of galaxy properties.
The sensitivity and resolution of tel-
escopes have now improved to the point
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that this correlation has been confirmed in gal-
axies that have cosmological redshifts of about
2, which we observe at a time when the Universe
was only about one-fifth of its present age.

A model illustrates the plausibility of the
FIR-radio correlation. Because massive stars
end their lives as supernovae, the supernova
rate scales with the star-formation rate. There
is good evidence that cosmic rays are acceler-
ated by supernovae. Suppose a fraction of the
energy of each supernova is converted to cos-
mic rays. Suppose further that the main energy
sink for cosmic rays is synchrotron radia-
tion. Then, the energy density of cosmic-ray
electrons is directly proportional to the star-
formation rate and inversely proportional
to the magnetic-energy density, whereas the
synchrotron emissivity is independent of mag-
netic-energy density and directly proportional
to the star-formation rate. So, by assumption, is
the FIR emissivity; therefore, the synchrotron
and FIR emissivities are correlated.

This model is a simplified version of so-
called calorimeter models of the FIR-radio
correlation®. More general versions, which
include mechanisms of electron-energy loss
other than synchrotron radiation, such as
inverse Compton scattering of electrons by
ambient photons or electron escape from the
galaxy, do yield synchrotron emissivity that
depends on magnetic-energy density. This
introduces an element of uncertainty into the
models, because galactic magnetic fields are
difficult to measure, and the theory of how

PHYSIOLOGY

they originated and grow is still incomplete’.

In their paper, Schleicher and Beck have laid
out a more detailed model that reproduces the
observed FIR-radio correlation. The model’s
new ingredients are an estimate of galactic
magnetic-field strength based on recent results®
from the theory of magnetic-field amplifica-
tion by galactic turbulence, and an estimate
of the level of galactic turbulence which ties it
to the star-formation — or supernova — rate.
There are good theoretical and empirical bases
for both estimates. Although the origin of the
large-scale magnetic fields seen in many galax-
iesis still unclear, the idea that turbulence regu-
lates the amplitude of a small-scale turbulent
magnetic field such that the energy densities
of the two are proportional is well established”.
What matters for the FIR-radio correlation is
magnetic-energy density, not large-scale field
structure. Likewise, it has long been argued, on
general energetic grounds, that energy supplied
by massive stars and supernovae is a primary
driver of turbulence in the interstellar medium.
But up to now, these well-founded ideas had
not been used quantitatively in a model of the
FIR-radio correlation.

On the basis of their simple models of turbu-
lence driving and magnetic-field amplification,
Schleicher and Beck derive a weak nonlinear-
ity of the FIR-radio correlation. Galaxies with
low star-formation rates have less turbulence,
weaker magnetic fields, smaller synchrotron
losses and lower radio fluxes; at high star-for-
mation rates the opposite holds. The model also

A metabolic minuet

Two related nuclear receptors mediate circadian fat metabolism in two different
tissues using a lipid messenger as an intermediary. This signalling pathway might
be relevant to the understanding of metabolic disorders. SEE LETTER P.550

DAVID D. MOORE

baroque era, couples exchange partners

in recurring patterns. This elaborately
choreographed exercise comes to mind when
reading Liu and colleagues’ paper' on page 550
of this issue. In this study, the nuclear receptors
PPARaand PPARS are two of the three stars in
ametabolic minuet that promotes appropriate
fat utilization.

PPARa drives fat use in muscle and liver
and is a well-known target of the fibrate class
of lipid-lowering drugs. By contrast, PPARy
is essential for the development of white-fat
tissue, mediating fat storage. PPARS is more
broadly expressed than its two brothers and is
more enigmatic, having functions that over-
lap with both. In muscle it promotes fatty-acid

In the minuet, a popular court dance of the

breakdown and increases muscle endurance™’.
And in the liver, it stimulates fatty-acid synthe-
sis, or lipogenesis, as Liu and co-workers have
previously demonstrated. This lipogenic activ-
ity is now shown to generate a ‘dancing partner’
for PPARa.

The circular pattern for this dance comes
from the circadian activity of PPARS in the
liver (Fig. 1). Mice eat at night, storing excess
calories as fat. During the day, Rev-erba and
Rev-erbf, two nuclear receptors that also
have circadian activity, repress lipogenesis in
this organ®. Liu et al. report that nocturnal
expression of at least a subset of key lipogenic
enzymes in the liver depends on PPARS. They
also make the surprising observation that
mice lacking PPARS in the liver have defec-
tive fat uptake in muscle, but only at night.
The authors deduce that the night-time liver
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predicts how the FIR-radio correlation should
scale with cosmological redshift. The density
of cosmic microwave background photons that
permeate the Universe and mean star-forma-
tion rates increase with redshift, enhancing the
importance of inverse Compton emission rela-
tive to synchrotron emission at high redshift
(inverse Compton emission is produced by
cosmic-ray electrons interacting with photons,
so if there are more cosmic-background and
starlight photons there is more inverse Comp-
ton emission). This alters the correlation at high
redshift, a change that should be observable
with the Square Kilometre Array (SKA) radio
telescope now under construction. Verification
of Schleicher and BecK’s prediction would be
evidence for rapid turbulent amplification of
magnetic fields in the early lives of galaxies. m
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could be synthesizing a signalling molecule
that, when secreted, promotes fat uptake by
the muscle. Indeed, they find that blood serum
collected from normal mice in the dark phase
of the day can promote fat uptake by cultured
muscle cells, but that serum from mice lacking
PPARS in the liver cannot.

Extensive analysis narrowed down the
factors transmitting the effects of PPARS
through the blood to a handful of lipid candi-
dates, and Liu et al. focused on a phosphatidyl-
choline dubbed PC(18:0/18:1), demonstrating
that treatment with this phospholipid, but not
with other closely related phosphatidylcholine
species, induces fatty-acid uptake into muscle
cells both in vitro and in vivo. This is a hall-
mark of PPARa activation, and, consistently,
PC(18:0/18:1)-mediated fatty-acid uptake was
diminished in PPARa-deficient muscle cells
and in mice.

Thus, this dance starts at night when liver
PPARS is activated, increasing PC(18:0/18:1)
production. In an exchange of partners,
PC(18:0/18:1) crosses from the liver to mus-
cle, where it joins with PPARa in the next step,
promoting fat uptake and fatty-acid oxidation.
The cycle is completed as the levels or activities
of all three partners fall during the day, setting
up the next round.

Now that they have been worked out, these



