The Microbes

That Loved
the Sun

Some very tiny organisms
living millions of years ago
recorded the heavenly inter-

actions among some very
large bodies: the earth, the

sun and the moon

By STEFI WEISBURD
mong the larger species of plants
and animals, it's easy to spot

Athose individuals that worship

the sun. Every winter, for example, New
Yorkers can be seen flocking to Florida,
where they follow the sun’s every move.
And a houseplant turned away from the
window in the morning will most as-
suredly be found bending back toward
the luxuriant rays in the afternoon.

But homing in on the really devout so-
lar trackers among much smaller organ-
isms is not always an easy task. In order
to find evidence of movement toward the
sun in groups of photosynthetic micro-
organisms such as blue-green algae,
Stanley M. Awramik and James Vanyo
had to get on their hands and knees in
shallow-water pools and tidal flats. They
peered intently at the orientation of the
centimeter-high stromatolites —columns
or tufts constructed by sticky mats of
these microorganisms as they trap pass-
ing sediments and cement them into
layers.

As the two University of California at
Santa Barbara scientists report in up-
coming issues of SCIENCE and EOS, they
discovered a number of stromatolites
tilting toward the sun and not, like most
of their neighbors, in the direction of
sediment-rich current flow. This is the
first report of heliotropism —the inclina-
tion of a structure toward the average di-
rection of sunlight — in stromatolites
being formed today, says Vanyo.

The finding of heliotropism in modern
stromatolites not only sheds light on the
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behavior of living microorganisms but
also helps to confirm an earlier geologic
theory linking the tiny architectures of
ancient stromatolites to the much larger
dynamics of the ancient solar system.
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The growth pattern of stromatolites
constructed by microorganisms 850 mil-
lion years ago follows a sine wave. This
specimen of Anabaria juvensis was found
in the Bitter Springs Formation in Aus-

tralia.

Columnar stromatolites in
are growing toward the rays of sunlight that pierce the water
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Hamelin Pool, western Australia,

ccording to the researchers, most
A of the scientific thinking about the

interaction between the earth,
sun and moon comes from the last few
thousand years of historical records of
observations and from studies of distant
stars, from which scientists can glean
something about the beginnings of our
own system 5 billion years ago. But forthe
several billions of years in between the
system'’s beginnings and the recent past,
there is little direct information; the-
oretical models are needed to estimate,
for example, how the gravitational tug of
the moon has slowed the rotation of the
earth, causing the number of days per
year to decline with time.

Because organisms are sensitive to
such things as the amount and direction
of sunlight, researchers like Awramik, a
paleobiologist, and Vanyo, an astrono-
mer and engineer, have turned to the fos-
sil record on earth for traces of earth-
moon-sun dynamics. Some scientists
have used the growth rings of ancient
corals, for instance, to estimate periods
such as the number of days that made up
ayearin the distant past. However, fossils
of corals and other invertebrates date
back only to the Cambrian period, about
570 million years ago. Stromatolites, on

- the other hand, extend back in the fossil

record to 3.5 billion years ago—almost as
old as the earth itself.

But the use of stromatolites as paleon-
tological clocks has not been straightfor-
ward. A few researchers have suggested
that the sediment layers, or laminae, in
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A stromatolite that
grows near the
equator and follows
the seasonal move-
ment of the sun can
develop a growth
pattern in the form
of a sine wave. If
the stromatolite is
built up of sedi-
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ment layers constructed each day, then the number of these layers appearing in one
wavelength of the sine wave represents the number of days in the year in which the
stromatolite grew. From the stromatolite structure, scientists can also infer the angle
made by the earth’s spin axis with respect to the plane of the earth’s orbit when the

stromatolite was constructed.

fossil stromatolites could be used to esti-
mate past lunar and annual periods; oth-
ers have proposed that the tilt of a stro-
matolite column could be used to deduce
the latitude of the structure when it was
formed. However, these suggestions were
discredited, say Awramik and Vanyo, by
studies showing that stromatolite pat-
terns were often driven by the patterns of
current flow and not by the orientation of
the sun relative to the earth.

building toward the sun, which, from the
microorganisms’ point of view, moved in
the sky with the change in season. To mi-
croorganisms sitting just north of the
equator, the sun would move toward the
south during the winter and toward the
north in the summer.

By counting the number of laminae in
one cycle of a sine wave, Awramik and
Vanyo estimate there were 435 days per
year during the late Proterozoic. “Our re-
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The metal rods in this photograph have been inserted parallel to the axes of
stromatolitic cones growing in thermal pools of Yellowstone National Park. The cones
are oriented toward the south (white part of the compass needle points south), or toward
the general direction of the sun and not in the direction of current flow

ore recently, Awramik and Vanyo
M came across some stromatolites

with growth patterns that could
not easily be attributed to current flow.
The Anabaria juvensis stromatolites,
taken from the Bitter Springs formation
in central Australia, snaked upward in
the 850-million-year-old fossil record in
the distinct pattern of sine waves.

The researchers proposed that the mi-
croorganisms that made the stromato-
lites produced a new lamina each day by
binding sediments and then working
their way up toward the top of the new
lamina to get the most of the sun’s rays.
The sinusoidal pattern resulted, they ar-
gued, because the microorganisms were
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sults agree well both with estimates ex-
trapolated from the Paleozoic [570
million to 245 million years ago] fossil in-
vertebrate data and with the theoretical
estimates using geophysics,” says
Awramik.

In addition to the number of days in a
year, the sine wave pattern of the ancient
stromatolites  contains information
about another important astronomical
parameter called the obliquity of the
ecliptic, or the angle between the planes
of the earth’s equator and the planet'’s or-
bit around the sun. Scientists think this
angle might have been decreasing over
time, but studies estimating values for
this angle in the past have produced dif-
fering results. By measuring the max-
imum angle at which the sine wave de-
viates from the average direction of the
column, Awramik and Vanyo obtained a
value of 26 degrees 30 minutes.

The researchers also were able to esti-
mate the angle of the earth’s magnetic
field with respect to its spin axis during
the late Proterozoic. They did this by
looking at paleomagnetic studies of the
rocks to determine the direction of the
past field, and by using the plane along
which the stromatolitic sine waves grew
to define the past north-south plane of
the earth and its spin axis. “The value we
got indicates that at least back 850 mil-
lion years ago the magnetic pole closely
approximated the axis of rotation —
something that was just assumed in geo-
physical studies,” says Awramik.

I tract astronomical information from

the fossil patterns of stromatolites
they had to assume, among other things,
that the microorganisms lived near the
equator and that they produced laminae
each day But the most important as-
sumption was that stromatolite growth
was heliotropic. And on this point the re-
searchers were on shaky ground, be-
cause no modern examples of
heliotropism in stromatolites had ever
been reported.

So the researchers went on a heliotro-
pism hunt. Vanyo and Rick Hutchinson, a

n order for Awramik and Vanyo to ex-

Tufts of
stromatolites in
Hamelin Pool point
toward the sun
(north) and not in
the direction of
water or wind
movement. Inset:
close-up of tufts.
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research geologist at Yellowstone Na-
tional Park, looked in the thermal
effluents from geysers and hot springs in
Yellowstone. In six thermal springs they
found conical and pillar-shaped
stromatolites that were oriented not with
the flow of water but toward the south,
which is the general direction of the sun
as viewed from the northern hemi-
sphere.

Awramik, searching in the highly sa-
line Hamelin Pool in Shark Bay, western
Australia, met with success as well. At
two sites exposed to the tides, he found
small tufts inclined to the north, the gen-
eral direction of the sun as seen from the
southern hemisphere. The tufts were not
leaning in either the east-west direction
of the tidal currents or the general direc-
tion of the winds from the south. He also
discovered dozens of much larger
stromatolite columns in an area perma-
nently submerged below the water’s sur-
face. These columns were tilted toward
the north; ripples in the sandy bottom
again showed that the current moved ina
east-west direction. Awramik says that
most recently he’s also found evidence
for heliotropism in millimeter-sized
stromatolite tufts in the Caribbean.

“We're not saying that [heliotropism)
is a common phenomenon in either an-
cient or modern stromatolites, but it’s
probably more common than people
previously thought,” observes Awramik.
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Because the stromatolite record spans much more of the earth’s history than do skeletal
fossils, which go back only 570 million years, it might hold important clues to the past
dynamics among the earth, sun and moon. Here, for example, a stromatolite indicates
the number of days in a year 850 million years ago.

Vanyo adds that only a few sinusoidal
patterns have been found in the stroma-
tolite fossil record, in part because peo-
ple have not looked for them. “The cost
and effort of digging up these things and
then cutting the rocks in the correct way
to expose the sine waves is huge,” he
says.

As for modern stromatolites, the re-
searchers are not sure why some struc-
tures are heliotropic while others in the
same region are not. The architecture of
a stromatolite depends on a mosaic of
different factors, including temperature,
water chemistry, sediment flow and other

organisms in addition to sunlight, they
say. Heliotropism occurs when the influ-
ence of these other factors is suppressed
in some way. The effects of competing or-
ganisms, for example, might be damped
in both the Yellowstone National Park
and Shark Bay areas, says Awramik, be-
cause these environments are stressed
by either high water temperatures or
salinity, which discourage other spe-
cies from settling there. The researchers
plan to conduct laboratory experiments
this year to better understand what con-
trols the blueprint of stromatolite
growth. 0
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Animal Extinctions: What Everyone Should
Know —R. J. Hoage, Ed. This National Zoological
Park symposium, held in September 1982, dis-
cussed the important issues that surround the
elimination of species and habitats. Smithsonian,
1985, 192 p., illus., paper, $9.95.

Butterflies of the World — Valerio Sbordoni and
Saverio Forestiero, translated from Italian by Neil
Stratton et al. A lavishly illustrated, comprehen-
sive study of one of the most interesting and beau-
tiful of all the insects. Covers the butterfly's
evolution, life cycle, geographic distribution, mi-
gratory patterns, behavior and strategies for pro-
tection against predators. Intended for the
general reader. Time Bks, 1985, 312 p., color
illus., $39.95.

The Encyclopedia of Aquatic Life —Keith Ban-
ister and Andrew Campbell, Eds. Billions of years
of evolution in the seas have produced a great
diversity of aquatic life, from single-celled animals
to the giant squid and monstrous sharks, and
from delicate sea anemones, corals and sponges
to the grotesque angler fish. This book is divided
into three main sections: fishes, aquatic inverte-
brates and sea mammals. Within each section,
major groups of aquatic animals are illustrated
and described in terms of distribution, habitat,
size, form, anatomy, behavior and life cycles.
Facts on File, 1985, 364 p., color/b&w illus., $35.
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Origins: A Skeptic's Guide to the Creation of
Life on Earth — Robert Shapiro. This readable
book begins by pointing up the great diversity of
the ideas that have been proposed for the origin
of life. Goes on to distinguish mythological and
scientific approaches to the problem, focusingon
the important criteria that a satisfactory scientific
answer must meet. Describes the principal fea-
tures of life at the cellular and molecular levels and
considers the earlier history of life on this planet as
deduced from the fossil record and radioactive
dating. Current theories of life's origin are consid-
ered and compared with the scientific criteria es-
tablished earlier in the book. Provides speculative
suggestions concerning the origin and develop-
ment of life and suggests studies that may lead to
the answers. S&S, 1986, 332 p., $17.95.

The Planets — Byron Preiss, Ed. Essays by sci-
entists closely associated with planetary explora-
tion present for the general reader the up-to-date
discoveries and knowledge about each planet in
the solar system. Following each scientific piece
is a science fiction story set on the planet just de-
scribed. These stories are by authors outstanding
in the science fiction field. The color illustrations
throughout enhance the text. Bantam, 1985, 336
p., color/b&w illus., $24.95.

Sharks of the World — Rodney Steel. Presents
the picture of sharks that has emerged from re-
cent research. According to Steel, they are any-
thing but primitive, possessing surprisingly large
brains, sensory perception of totally unexpected
sensitivity and complex behavior patterns geared
to the demands of feeding and reproduction. Well
illustrated. Facts on File, 1985, 192 p., color/b&w
illus., $17.95.
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New digitizing tablet with
Sigma-Scan™ measurement
software. $1195

Cat #3011 — 12" x 12" system

Resolution of .025 mm, accuracy of
at least .25 mm. Comes with state-
of-the-art software for area, linear,
perimeter, length of curvy line, and
angular measurements. X, Y point or
stream digitizing. Descriptive statis-
tics. Transfer data to other programs
in standard ASCII or DIF format.

This and other new Microcomputer
Tools for the Scientist. Call or write
today for FREE catalog.

JANDEL SCIENTIFIC
2656 Bridgeway, Sausalito, CA 94965
800-874-1888
(In Calif. call 415-331-3022)
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