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influences @ thar IQ, because b thar
genetic endowment. They believe that these
suseptibilities ae likely to have ther effects
eaty in life (for instan@, penataly). That s,
they suppose that thee is a eal, ommon,
causal link btween bodily asynmetry and
lowered 1Q. Indeed, they ale prepared to esi-
mate that agthing between 17 and 50 @
cent of the ariahbility in 1Q is attibutable ©
such causesf the uper estmate poves o
be acurate and eplicalle, then fluctuating
asynmetry ould acount for almost l
heritable souces @ variahility in 1Q. But it
is had to bdlieve that sich a lang-standing
conundrum as the @lative ontributions d
nature and nmirture © 1Q muld be urned
into no mae than a neat padox N
nurture® influence dpends m  genetic
predisposition N in o ne g.

The ealy neat thing is thatuflow et al.
have usd a mé¢hod that is ptentially within
the reach of any psyhology undergraduate
N a method, in fact, that was almostithin
the reach of Francis Galin N requiring
no mare than cdipers and the pductb

moment correlation coefficient. They have a
couple d tentative theoretical acounts as
to why they should hge @t the esilts they
report. These inlude stuctural develop-
mental imperfections, leding t less
efficient neural processingand a diférential
use @ energy budgets in people who have
suffered varying degrees ¢ developmental
stress. Bt nather of these is me than an
indicative hypothesisdr the ime being.
Expect mary atempts at eplicaton N
low-life demonstrations that tacks/half-
breeds/less-feoured races sffer more from
fluctuating asynmetry than vhite, midde-
class glden youth. Also expect, in general, a
failure © recognize that Erlow and his
colleagues majust hare dimpsed a wy of
reconciling the lag-standing antamism
between chiropodists and skpilots. O
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Galaxy evolution

The end of the beginnings

Robert o Abr aham

n eerie feding has wertaken recent
Agatherings d obsevational and the-

retical ®smolajsts* N a sase @
impending (if not cuite atual) @nsensus.
A broad outline of the processesybwhich
galaxies drm and e&olve, in ough agee
ment with the predictions d theory, sems b
have energed from a rumber of recent
galaxy srveys®!

We dassify glaxies P ther distribution
of stais, so glaxy golution can ke quantfied
by cdhanges in staformation rates. hese
can ke measred by looking bak to galaxies
with increasing edshifts (thus further from
us, and edier in the Lhiverse; Figl), at dif
ferent wavelengths, © se hav the aerage
brightness and sotrum change. h the past
two yeass the acessilte redshift range has
expandced up © z < 4. This is emarkabe
progress: urit recently, sudies ¢ @ormal®
galaxy mpulations were resticted to red-
shiftsz < 1. However, the disovery” that the
so-caled Oyman diopoutO alaxies (Wich
appear anonalousy faint through blue fik
ters kecause anpminent ultraviolet spectral
break has &en redshifted into optical wae-
lengths) ae at edshifts geatr than two, has
increasd enormously the umber of known
high-redshift calaxies. found 80D90% fo
the otal ag d the Lhiverse is nw being

*The Hubble Deep Field: Space Telescope Science Institute May
Symposium, bhns Hopkins Lhiversity, Baltimore, USA, 6D9 &
1997; andrhe Ultraviolet Universe at Low and High Redshift: Probing
the Progress of Galaxy Formation, College Rark, Maryland, USA, 2b4
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.

probed by calaxy srveys. That is ompara-
ble © the fiaction sample by the eatively
rare quasas and aedio galaxies.

The curent obsevational pidure is
summarized by the stafformation hisory
curve (Fig 2) (P Madau, Spee Eesope Sci.
Inst.). B/ adding together the uminosity
contributed by al the @laxies in a sies ¢
redshift intervals, this cwe maps otia pe-
cipitous lise and fdlin the poduction of
stas and iBetald (ements heaier than
hdium) in a gven wolume d the Lhiverse as
afundion of redshiff.

The wlume-averaged starformation
rate over such a larg fraction of the ptal ag

of the Lhiverse is a pwerful due D the
timescales v& which galaxies drm. The
most emarkable asgct of Fig 2 is theapid

decline at hidn redshift: this indicags that
current surveys, ty probing ou to redshifts
near 5, & nav seing almost dlof the @lec-

tic hisory of the Lhiverse. e goch of peak
star brmation is abundz=1.5.

The cuwe sipports a hiearchical pi¢ure
of galaxy érmation. Hierarchical malels
Qreat glaxy brmation as a pcess, not an
event® (S. Wite, Max Plank Inst. Astro-
phys.): the i@a is that smilamaphous
proto-galaxiesdrm first, e/entualy setling
into disk @glaxiesch as spals, vhich can
then also mege © form dlipticals. Rval
theories siggest that @nt galaxiesdrm via
the ollapse ba sindge massie @gs toud at
high redshift, with the natire d this initial
collapse, athe than sibseuent galaxy
mergers, dtermining the brm of the
galaxy

Hierarchical malels predict starforma
tion hisories that agee at leastuplitatively
with those in Fig2. There ae a éw theoreti-
cal enbarassmats which refuse b dis
appear fom the simulatons N such as
egregiously small galectic disks vith low
angular monenta (G. Es$tathiou, Uhiv.
Oxford; M. Seinmetz, Seward Obs.) N but
even so thee is onsiderade @nfidence in
these mdels, and so mch of the theretical
focus is nav on the dtails d the different
galaxy ype$®that mntribute light at differ-
ent redshifts. Br example, is the ligt at the
highest edshifts oming from proto-dlipti-
cal glaxies (M. Giaalis®, Camegie Obs.),
or do dlipticals brm ocontinuously over a
rangg d redshifts (G. Kuffmann, Max
Pland Inst. Astrophys.)?

But there is me unesoled queston
about the overall starformation rate. ®me
of it must ke missing fim Fig 2 kecause
of dust ®ntamination. Dust sca#rs and
absabs liht most stongly at shot wave-
lengths, and, ecause bthe expansio of the
Universe and thearesmnding redshift, the
more distant the glaxy the shoter was the
original wavelength o the licht we se. 9 it
may be that distant,ively starforming but
very dusty &aburstd glaxies ontribute
much of the btal krightness bthe Lhiverse
but are nmetheless missing &m optical
urveys. @nsitive infrared surveys will be
able o detect such systems, if they exist.

The queston is: hav much light are we
missing? Malby staburst galaxies apear b
have spctra that cuve upvards flom the
ultraviolet to the infrared, and if dist-
enshouded stabursts in the distant k-
verse (atz >1) have similar poperties, thg
could mntribute mae than én times as
much energy as is ecounted for in the star
formation hisory cuive (G. Meurer and T
Heckman, &hns Hopkins). That agees vith
a peiminary anaysis ¢ images dtained

by the hfrared Spae Chsevatory saéllite,
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