
influences on their IQ, because of their
genetic endowment. They believe that these
susceptibilit ies are likely to have their effects
early in life (for instance, prenatally). That is,
they suppose that there is a real, common,
causal link between bodily asymmetry and
lowered IQ. Indeed, they are prepared to esti-
mate that anything between 17 and 50 per
cent of the variabilit y in IQ is attributable to
such causes. If the upper estimate proves to
be accurate and replicable, then fluctuating
asymmetry could account for almost all 
heritable sources of variabilit y in IQ. But it 
is hard to believe that such a long-standing
conundrum as the relative contributions of
nature and nurture to IQ could be turned
into no more than a neat paradox Ñ 
nurtureÕs influence depends on genetic 
predisposition Ñ in one go. 

The really neat thing is that Furlow et al.
have used a method that is potentially within
the reach of any psychology undergraduate
Ñ a method, in fact, that was almost within
the reach of Francis Galton Ñ r equiring 
no more than callipers and the productÐ

moment correlation coefficient. They have a
couple of tentative theoretical accounts as 
to why they should have got the results they
report. These include structural develop-
mental imperfections, leading to less 
efficient neural processing, and a differential
use of energy budgets in people who have
suffered varying degrees of developmental
stress. But neither of these is more than an
indicative hypothesis for the time being.

Expect many attempts at replication Ñ
low-life demonstrations that blacks/half-
breeds/less-favoured races suffer more from
fluctuating asymmetry than white, middle-
class golden youth. Also expect, in general, a
failure to recognize that Furlow and his 
colleagues may just have glimpsed a way of
reconciling the long-standing antagonism
between chiropodists and sky pilots.
Steve Blinkhorn is at Psychometric Research and
Development Limited, Brewmaster House, The
Maltings, St Albans, Hertfordshire AL1 3HT, UK.
1. McClearn, G. E. et al. Science 276, 1560Ð1563 (1997).
2. Furlow, F. B., Armijo-Prewitt, T., Gangestad, S. W. & Thornhill,

R. Proc. R. Soc. Lond. B 264, 823Ð830 (1997).

of the Universe is a powerful clue to the
timescales over which galaxies form. The
most remarkable aspect of Fig. 2 is the rapid
decline at high redshift: this indicates that
current surveys, by probing out to redshifts
near 5, are now seeing almost all of the galac-
tic history of the Universe. The epoch of peak
star formation is around z =1.5. 

The curve supports a hierarchical picture
of galaxy formation. Hierarchical models
Òtreat galaxy formation as a process, not an
eventÕÕ (S. White, Max Planck Inst. Astro-
phys.): the idea is that small, amorphous
proto-galaxies form first, eventually settling
into disk galaxies such as spirals, which can
then also merge to form ellipticals. Rival 
theories suggest that giant galaxies form via
the collapse of a single massive gas cloud at
high redshift, with the nature of this initial
collapse, rather than subsequent galaxy
mergers, determining the form of the 
galaxy.

Hierarchical models predict star-forma-
tion histories that agree at least qualitatively
with those in Fig. 2. There are a few theoreti-
cal embarrassments which refuse to dis-
appear from the simulations Ñ such as 
egregiously small galactic disks with low
angular momenta (G. Efstathiou, Univ.
Oxford; M. Steinmetz, Steward Obs.) Ñ but
even so there is considerable confidence in
these models, and so much of the theoretical
focus is now on the details of the different
galaxy types6Ð8that contribute light at differ-
ent redshifts. For example, is the light at the
highest redshifts coming from proto-ellipti-
cal galaxies (M. Giavalisco, Carnegie Obs.),
or do ellipticals form continuously over a
range of redshifts (G. Kauffmann, Max
Planck Inst. Astrophys.)? 

But there is one unresolved question
about the overall star-formation rate. Some
of it must be missing from Fig. 2 because 
of dust contamination. Dust scatters and
absorbs light most strongly at short wave-
lengths, and, because of the expansion of the
Universe and the corresponding redshift, the
more distant the galaxy, the shorter was the
original wavelength of the light we see. So it
may be that distant, actively star-forming but
very dusty ÔstarburstÕ galaxies contribute
much of the total brightness of the Universe
but are nonetheless missing from optical
surveys. Sensitive infrared surveys will be
able to detect such systems, if they exist. 

The question is: how much light are we
missing? Nearby starburst galaxies appear to
have spectra that curve upwards from the
ultraviolet to the infrared, and if dust-
enshrouded starbursts in the distant Uni-
verse (at z >1) have similar properties, they
could contribute more than ten times as
much energy as is accounted for in the star-
formation history curve (G. Meurer and T.
Heckman, Johns Hopkins). That agrees with
a preliminary analysis of images obtained 
by the Infrared Space Observatory satellite,
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Galaxy e volution

The end o f the beginnings
Robert o Abr aham

An eerie feeling has overtaken recent
gatherings of observational and theo-
retical cosmologists* Ñ a sense of

impending (if not quite actual) consensus. 
A broad outline of the processes by which
galaxies form and evolve, in rough agree-
ment with the predictions of theory, seems to
have emerged from a number of recent
galaxy surveys1Ð4. 

We classify galaxies by their distribution
of stars, so galaxy evolution can be quantified
by changes in star-formation rates. These
can be measured by looking back to galaxies
with increasing redshifts (thus further from
us, and earlier in the Universe; Fig. 1), at dif-
ferent wavelengths, to see how the average
brightness and spectrum change. In the past
two years the accessible redshift range has
expanded up to z < 4. This is remarkable
progress: until recently, studies of ÔnormalÕ-
galaxy populations were restricted to red-
shifts z < 1. However, the discovery4 that the
so-called ÔLyman dropoutÕ galaxies (which
appear anomalously faint through blue fil-
ters because a prominent ultraviolet spectral
break has been redshifted into optical wave-
lengths) are at redshifts greater than two, has
increased enormously the number of known
high-redshift galaxies. Around 80Ð90% of
the total age of the Universe is now being

probed by galaxy surveys. That is compara-
ble to the fraction sampled by the relatively
rare quasars and radio galaxies. 

The current observational picture is
summarized by the star-formation history
curve (Fig. 2) (P. Madau, Space Telescope Sci.
Inst.). By adding together the luminosity
contributed by all the galaxies in a series of
redshift intervals, this curve maps out a pre-
cipitous rise and fall in the production of
stars and ÔmetalsÕ (elements heavier than
helium) in a given volume of the Universe as
a function of redshift5.

The volume-averaged star-formation
rate over such a large fraction of the total age

*The Hubble Deep Field: Space Telescope Science Institute May

Symposium, Johns Hopkins University, Baltimore, USA, 6Ð9 May
1997; and The Ultraviolet Universe at Low and High Redshift: Probing

the Progress of Galaxy Formation, College Park, Maryland, USA, 2Ð4
May 1997.
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Figure 1Back in time — the Hubble Deep Field,
of which this is a view, has helped to revolutionize
understanding of the Universe at high redshift.


