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A sudden squall in the cosmos

AugustE. Evrard and Nick Kaiser

ANCIENT Chinese astronomers would
have been pleased to hear of the latest
results on large-scale motions in the Uni-
verse, reported by Lauer and Postman in
last week’s Astrophysical Journal'. The
Chinese believed that a “hard wind” blow-
ing throughout the heavens kept the stars
and planets suspended in their motion
about the Earth. Lauer and Postman now
have data that indicate the existence of a
very big wind indeed. Their
study suggests motions on a
scale roughly one-tenth the size
of the observable Universe.
The finding goes against the
current orthodoxy of popular
cosmological models as well
as other empirical evidence,
all of which points towards the
Universe being a quicter and
gentler place on its  largest
scales. So how have they ar-
rived at this conclusion?
Their measurement foltows
a venerable practice in obser-
vational cosmology, the use of
so-called ‘standard candles’. In
this case, the candles are a set
of 119 brightest cluster galaxies
extracted from the famous
catalogue of Abell ef al. These
galaxies define a “Hubble dia-
gram’ (apparent magnitude
against redshift) with very
small scatter, indicating they have very
similar intrinsic luminosities. Relative
motion between the observer and the
Abell cluster inertial frame (or ACIF)
would generate a small spatial asymmetry
in this relation. It is this asymmetry that
Lauer and Postman set out to find.
Imagine wallpapering the inside of a
very large sphere with many identical light
sources. Observing the distribution while
sitting at rest at the centre of the sphere,
one would, not surprisingly, see a uniform
angular distribution of light. If, instead,
one views the sphere from the centre while
riding a rocket (or, in our case, planet)
travelling with some velocity v with re-
spect to the surrounding sphere, then a
Lorentz transformation into the frame of
the rocket yields the result that the sphere
will appear brighter in the forward direc-
tion (parallel to v) and dimmer in the
opposite direction’. This expected pattern
is evident in the cosmic background
radiation®, and the natural interpretation
is that the Local Group of galaxies is
moving, with respect to the inertial frame
defined by an isotropic microwave back-
ground, at a velocity of about 600 km s™"
in a direction pointing just south of the
constellation Leo.
Our motion with respect to the micro-
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wave background frame (termed our
‘peculiar velocity’) is believed to arise
from the cumulative gravitational tug of
surrounding mass concentrations. Be-
cause the amplitude of clustering in the
Universe decreases with increasing scale,
one expects the influence of nearby, smal-
ler mass concentrations to be more impor-
tant than that of very distant, larger-scale
irregularities in determining the peculiar
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The Coma cluster of galaxies, one of the 119 ‘standard candies’ used
by Lauer and Postman to measure the motion of the Milky Way with
respect to the rest of the Universe.

velocity. If the prejudice — that the Local
Group’s peculiar velocity is driven by
irregularities well within the outer bound-
ary of this sample — were true, then the
measured velocity should be very close to
that determined from the cosmic micro-
wave background. In other words, the
ACIF should be nearly ‘at rest’” with
respect to the microwave background
frame.

Lauer and Postman’s precise pho-
tometry does display the expected dipole
signal, but the derived velocity vector
points in the wrong direction, towards the
constellation Lepus which is 75° away
from the microwave background hotspot.
To your average cosmologist, this result
was about as expected as waking up to find
you've grown webbed feet and a large
yellow bill where your mouth once was.

Besides sheer disbelief, there are two
ways to interpret this result — one ugly
and the other alarming. The ugly (though
admittedly more dramatic) solution is to
assume that the microwave background
radiation possesses an intrinsic dipole
anisotropy, which invalidates the inter-
pretation of Local Group motion as its
sole cause. Such an assumption makes a
mockery of one of the fundamental princi-
ples underlying modern cosmology: that
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of isotropy of the Universe on its largest
scales. The other interpretation, espoused
by Lauer and Postman, is that the entire
ACIF is moving with respect to the inertial
frame of the microwave background. The
implied velocity is 689 + 178 km s in a
direction nearly 60° off the microwave
background hotspot.

What is troubling about this interpret-
ation is the length scale of the implied
motion. The sample of galaxies covers
both hemispheres away from the galactic
plane to a depth of nearly 15,000 km s™!
(to obtain distances in units of length, such
as megaparsecs, divide by the¢ Hubble

., constant, H, = 100h km st
£ Mpc ! with 4 between 0.5 and
Z 1.0). This is more than twice as

deep as any previous samples
used to measure bulk motions,
including those that led to the

proposed ‘Great Attractor’ a

few years ago (see ref. 4 for a

recent discussion). If this mo-

tion is due to the gravitational
influence of a massive per-
turber, then the scale of the
perturber must be cnormous

(the term ‘Monster Attractor’

springs to mind), equivalent to

several hundred rich clusters of

galaxies arranged in such a

manner as to produce a frac-

tional density enhancement of

a few tens of per cent. Such a

structure is unprecedented in

even the largest galaxy cata-

logues currently available.

News of Lauer and Post-
man’s result first surfaced over a year ago,
and a meeting in Paris last July specifically
devoted to cosmic velocity fields provided
an initial opportunity for scrutiny by ex-
perts. Although many harboured a hope
that the result was due to peculiarities in
the data set, no obvious flaw in the
observations was found. In their current
article, Lauer and Postman go to great
lengths to demonstrate the robustness of
the result. Their defensiveness is not sur-
prising: at the Paris meeting, two groups’
had presented analyses indicating incon-
sistency between the inferred ACIF vel-
ocity and both theoretical and empirical
measures of large-scale structure at grea-
ter than 95 per cent significance. The
amplitude of ACIF streaming is squeezed
from larger scales by measurements of the
microwave background anisotropy and
from smaller scales by other measures of
local gataxy clustering and streaming
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motions. Nonetheless, there remains a
small possibility that the result is simply
a statistical fluke.

In situations like this, there is no substi-
tute for more data. And more data will
certainly come, although they will take
several years to gather. In the meantime,
cosmologists will scramble to find ways to
accommodate this new result. like pic-
nickers sent scurrying by a sudden squall.
Most would hope that. as in a thunder-
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storm, the “hard wind™ will eventually die
away, and the Universe on large scales will
be restored to the tranquil state it seemed
to possess just a few short monthsago. O
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Whales leave the beach

Michael J. Novacek

THE mammalian clade, to which we be-
long, primarily represents the baroque
extravagance of terrestrial adaptations —
burrowing, galloping, hopping, bipedal
walking and tree climbing, not to mention
gliding and powered flight, the probable
extensions of a lifestyle in the trees. But a
few mammals returned to the aquatic
milieu of their vertebrate ancestors. In the
case of the Order Cetacea, the whales and
dolphins, this return to the sea was so
decisive that adaptations to swimming,
diving and feeding match or surpass those
in fishes and sharks. It was a big evolution-
ary plunge, one that has eluded docu-
mentation for many decades.

Things. though, are changing. New dis-
coveries of early fossil whales, such as
those of Thewissen et al. (published in
Science') and Gingerich et al. (page 844
of this issue?®), provide striking evidence
for both the phylogenetic connections of
cetaceans as well as the fascinating mosaic
of early adaptive experiments in the tran-
sition from land to water. This expanding
fossil casebook on the origins of whales is
one of the triumphs of modern vertebrate
palaeontology.

Intuition may weigh against the notion
that something so ‘fishy’ as a whale may
have closest kinship with land mammals.
Aristotle, however, was not fooled by
intuition; he pointed out that whales and
dolphins, unlike bony fish, are live-
bearing (viviparous). John Ray, in his
classic treatise® of 1693, was more em-
phatic: “For as except as to the place in
which they live, the external form of the
body, the hairless skin [sic], and the
progressive or swimming motion, they
[cetaceans] have almost nothing in com-
mon with fishes, but in remaining [charac-
ters] agree with viviparous quadrupeds™.

Modern systematists have gone some
way in refining this concept. The Order
Cetacea seems to be related to the great
radiation of herbivorous ungulate mam-
mals, and specifically the cloven-hoofed
(even-toed) artiodactyls, an order whose
modern members include deer, antelope,
camels, pigs, giraffes and hippos. The
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whale-artiodactyl link is supported bﬁy
anatomical and molecular evidence®®.
On the morphological side, further re-
finement comes from the study of a
group of lumbering four-legged mam-
mals, mesonychids, that thrived in the
Early Cenozoic and were especially di-
verse in central Asia*’. There is a general
view that mesonychids represent the in-
termediate lineage between whales and
other ungulates’ (although this allocation
could stand some re-examination). At any
rate, mesonychids have served as a bau-
plan for the evolutionary modifications
leading to cetaceans.

Until recent years, the nature of this
transition was a matter of inference based
on comparison of whales with their puta-
tive terrestrial relatives. The gap was filled
by a series of discoveries of fossil
archaeocete whales®. These forms show
small pelvic girdles and hindlimbs, where-
as modern adult whales retain only ves-
tiges of pelvic and hindlimb elements
embedded in the flank musculature. Un-
fortunately, the adaptive role of these
archaeocete hind appendages was uncer-
tain. They seemed of doubtful use in
locomotion, but might have functioned as
copulatory guides®.

A leap in insight comes, however, with
Thewissen and colleagues’ discovery' of
Ambulocetus, a truly remarkable fossil
from 52-million-year-old sequences in
Pakistan. Ambulocetus can be clearly
allied with archaeocetes and other ceta-
ceans, based on features of the middle ear,
muzzle, skull roof and teeth'*. Behind the
skull, however, the specimen shows an
extraordinary combination of features
that anticipate, but do not fully embody,
the aquatic adaptations of cetaceans. Both
front and hindlimbs are well developed,
with flexible elbows, wrists, knee joints
and digits. The hand is large and elongate
and the hind foot is huge. Toes end in
hooves as in mesonychids and other ungu-
lates, and the tail is notably long.

Thewissen et al. propose that Ambu-
locetus was amphibious; that it was poss-
ibly awkward but mobile on land, and

© 1994 Nature Publishing Group

adept at swimming. The long tail suggests
that this creature lacked a fluke, and from
the shape of the lumbar vertebrae it
seems that the creature swam by undula-
tions of its vertebral column. The large
paddle-like hind feet were thrust through
the water when the back was flexed and
extended. Unlike seals, however, the
plane of undulation was not mediolateral
but dorsoventral, as in living cetaceans.
The forelimbs were probably involved in
steering but not propulsion. It seems
logical that whales may have gone through
a seal-like amphibious stage early in their
evolution, but the direct evidence for such
a phase, as represented by Ambulocetus,
is extraordinary.

A seaward shift beyond Ambulocerus is
dramatically exemplified by the Eocene
whale, Rodhocetus, now described by
Gingerich er al.”. Rodhocetus is geologi-
cally younger than Ambulocetus and also
shows a more specialized apparatus for
swimming. Its short cervical vertebrae,
large unfused sacral vertebrae and re-
duced femur are derived features associ-
ated with adeptly swimming archaeocetes
and modern whales. At the same time,
Rodhocetus retains features of the ver-
tebral column and pelvic girdle that hark
back to terrestrial relatives®. So it was not
amphibious like Ambulocetus, but did
show a mosaic of aquatic and terrestrial
traits. The new specimen also casts light
on early whale habitats, in that the animal
was found in rocks that indicate deep-
water (neritic) environments. To date,
early archaeocetes have been limited to
near-shore deposits, and so Rodhocetus
demonstrates early variations in both
locomotion and distribution. Indeed, the
diversified lifestyles revealed by these
early fossils suggest that whale evolution
got off to a very quick start.

Ambulocetus, Rodhocetus and other
more aquatically specialized archaeocetes
cannot be strung in procession from ances-
tor to descendant in a scala naturae.
Nonetheless, these fossils are real data on
the early evolutionary experiments of
whales. They powerfully demonstrate
transitions beyond the reach of data,
whether molecular or morphological,
derived from living organisms alone.
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