




he micro-organisms that live on
the margins of Hamelin Pool are

inv is ib le to  human eyes.  These
organisms are able to form cohesive
caypets extending for tens of square
kilometres over intertidal and shallow
subtidal environments. These'microbial
mats' are actually communities of diverse
inhabitants with population densities of
over 3 000 million individuals per
square metre!

They concentrate and recycle
nutyients gleaned from the external
environment, regulate their internal
environment and dispose of their waste
products. Even more amazing is the fact
thatsome of these communities are able,
as a by-product of these processes, to
construct protective towers up to 1.5
metres high. These constructions, upon
which the microbes dwell, are up to ten
million times laygerthan the organisms
that build them.

When these real-life Lill iputian
castles were discovered in 1956, they
were the first Erowing examples ever
recorded of structures, found fossilised
in very old rocks, that had puzzled
geologists for more than a century. They

had been named'stromatolites' (literally
'layeredrock') becausetheyhadafinely
laminated internal structure. The
discovery of modern examples had far-
reaching significance. They have helped
us understand the significance of micro-
organisms in the environment, unravel
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the long history of life on Earth and
establish a view of planetary ecology in
which the survival oflife is dependent on
interaction more than competition.

WFIAT ARE
STROMATOLITES?

The same microbes that form
stromatolites are dispersed through
many shallow marine environments.
However, bottom-dwell i n g communities
dominated by microbes only become
established in places where larger
organisms are unable to survive.
Microbes live in a world where surface
forces are far more significant than
gravity because they have high surface
area and negligible weight. Many
microbial cells have sticky surface
coatingswhich trap sediment grains like
fly-paper, and, in some microbes, cells
are able to join togetler to form filaments
that can intertwine and trap sediment.
As a result, microbial communities can
construct cohesive mats, composed of
both sedimentand organic material, that
provide protection from erosion and allow
astable microbial community to develop
and thrive.

I Preaious page: !,n underwater view of
I the Hamelin Pool stromatolites.
I Photo - Jiri lrchman

I l,€fr StYomatolites growing at
I Hamelin Pool in a zon€ that is
I oermanentlv under water.
Photo - Bob Buine

I f&[t' Stromatolites similar to those
I at Hamelin Pool have recently been
I discovered in the Bahamas.
Photo - Bob Bume
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lFar left: A jellytish swims among the
I stromatolites at Hamelin Pool, just as
r its ancestor, one of the first animals,
did millions of years ago.
Photo - Bob Burne

I ,e/t A stromatolite cross-section
I showing the laminal.ed structure. This
I sp€cimen was attached to a nodule of
flint.
Photo - Bob Bume

Where the mats are growing under
water rich in dissolved calcium and
carbonate ions, some microbeshelp these
ions form crystals ofcalcium carbonate.
The mats thus become cemented, and,
as successive cemented layers build up,
a stromatolite is formed. Marine plants
and animals may also contribute to the
structure, but the stromatolite results
principally from interaction between the
microbial community and the physical
and chemical environment. They can be
compared to a self-organising system
such as a coral reef. However, as
stromatolites are not built by skeletons
they grow very slowly - about five
centimetres in 100 years (coral reefs
grow ten times faster).

A metre-high stromatolite would be
about 2 000 years old!

MICROBES AND THE
HISTORY OF LIFE

The first living thing on Earth was
probably a microbe composed ofasingle
cellwith no intemal organisation. Similar
microbes,  known as bacter ia  or
prokaryotes, built the fi rst stromatolites.
The oldest ones known were discovered
near the mining centre of North Pole in
the Pilbara and are about 3 500 million
years old. Between the first appearance
of life and the evolution of the first
animals (about 650 million years ago),
stromatolites and the microbial mats
that  formed them were the only
macroscopic evidence of life of Earth.

Over this period microbes evolved
most ofthe survival techniques that living
things use today, and the stromatolites
they constructed dominated the clear,

shallow seas and formed extensive reef
tracts rivalling those of modern coral
reefs.  One type of  photosynthet ic
prokaryote that was abundant about
2 500 million years ago had a dramatic
effect on the Earth's atmosphere and the
course of evolution. These were called
cyanobacteria, and they could release
ftee oxygen. About 2 000 million years
ago, this caused dissolved iron from the
ancient seas to form the rich iron ore
deposits of the Hamersley Range. At this
time oxygen formed only one per cent of
the atmosphere. When th€re was no more
iron toprecipitate, the free oxygen leaked
into the atmosphere, until it formed 21
per cent of atmospheric gases.

I This modern-day microbe vari€ty
llEntophgsalisl is similar to microb€s
r which flourished two billion years ago.
Photo - John Bauld

Somewhere between 2 000 and
I 700 million years ago, two symbiotic
prokaryotic microbes merged to form
one organism, resulting in a single cell
with internal organisation (known as a
eukaryotic cell). This represented the
most important step in the history of
evolution. The more complex cell
established the essential building block
for the later evolution of higher life
forms. Eukaryotic microbes joined the
stromato l  i  te- fo  rm i  ng microbia l
communities and are present, alongside
prokaryotes, in the microbial mats that
form the modern stromatolites of
Hamelin Pool.

Six hundred and fifty million years
ago, rising levels of oxygen in the
atmosphere and the oceans allowed the
first oxygen-breathing animals to evolve.
Although the biosphere has since been
dominated by plant and animal species,
microbes have remained a vitally
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EVOLUTION OF HAMELIN POOL AND ITS STROMATOLITES

10 000 YEARS ACO
The sea levelwas much lowerthan
todayand theentirearea of Hamelin
Pool was drv land.

7 OOO YEARS ACO
A barrier at the site of the Faur6 Sill
orotected Hamelin Pool from the
r is ing sea level .  A lake wi th
seasonal ly  f luctuat ing sal in i ty
formed in the deeper part of the
Hamelin Pool basin, indicating that
the climate was wetterthan todav.

6 OOO YEARS ACO
Hamelin Poolwasflooded with sea
water of normal salinity. Seagrass
grew around the margins of the
oool and on the tau16 Sill.

4 OOO YEARS AGO
Sea level was two metres higher
than at Dresent. Sedimentfrom the
seagrass bank5 raised the Fau16 Sill
to near sea level, restricting water
flow from the sea and increasing
salinity. Seagrasses no longer grew
i n  H a m e l i n  P o o l  a n d  o t h e r
organisms were restricted. Large
populations of the bivalve Fragum
erugotum floutished .

PRESENT DAY
The Faur6 Sill eroded as sea level
fell. Hamelin Pool's water became
twice as saline as sea water.
Stromatolites f irst colonised shallow
waters less than four metres deeD
around 2 000-3 000 years ago.
Some are now stranded in the
intertidal zone.



important palt of these ecosystems.
However, stromatolites and related
structures have declined, as it became
more efficient for microbes to exist,
either in microhabitats in ecosystems
dominated by faster growing organisms,
such as corals, or even within the
organisms Ihemselves. tn the digestive
systems of ruminant animals such as
cat t le ,  sheep,  goats,  camels and
elephants, the descendants of the earliest
microbes can still find theenvironmental
conditions that once typified the Earth's
surface.

WHY HAVE STROMATOLITES
FORMED AT FIAMELIN POOL?

Stromatolites are now able to develop
only in environments where biotic
diversity is limited for one reason or
another, allowing the slow-growing
structures to gain a foothold. These
conditions are satisfied in Shark Bay
around the shallow margins of Hamelin
Pool, to a depth ofabout four metres.

The unique history of this area has
created a perfect environment for
stromatolites. At the end of the last Ice
Age, some 10 000years ago, the sea level
was much lower than it is today and the
entire areaof Hamelin Poolwas dry land.
By 7 000 years ago the sea had flooded
much of Shark Bay, but was prevented
from entering Hamelin Pool byabarrier
at the site of the Faur6 Sill. A lake with
seasonally fluctuating salinity formed in
the deeper part of the Hamelin Pool
Basin, indicating that the climate ofthe
area was wetter than it is today.

By 6 000 years ago Hamelin Pool
was flooded with seawater, and seagrass

grew around the Pool's margins and on
the Fau16 Sill. When sedimentation from
the seagrass bank raised the level ofthe
Faur6 Sill to near sea level, the flow of
water into Hamelin Pool was further
restricted. As a result, salinity increased
to a point where seagrasses no longer
grew in Hamelin Pool and other living
organisms were restricted. The lack of
competitors allowed large populations
of the bivalve Fragum erugatum to
flourish, and their shellsaccumulated as
extensive beach ridges. About this time,
the relative sea level in Hamelin Pool
began to falland the salinity of Hamelin
Pool increased to almost twice that of
normal sea watet.

Microbeswerealso able to flourish rn
mat-foYming communities, as their
major competitors and predators could
not suruive in the hypersaline conditions.
Calcium and carbonate enabled the
stromatolites to calcit, and the low rate
of sedimentation was not enough to
swamp the slow-growing structures. As
a result, the stromatolites began growing
about 2 000 to 3 000 years ago. They
are now part of a flourishing ecosystem
thatprovides shelterfor small organisms,
a substrate for marine plants, and a
source of food for fish and crustaceans.

CLUBS, COLUMNS AND
LOAFS

Although they have been studied for
the past 35 years, the relationship
between the distribution of microbial
mats and the occurrence ofstromatolites
is still controversial. All the stromatolites
in Hamelin Pool were once thought to
have originated in the intertidal zone,

I Aboue left: StYomatolites were
I stranded in the intertidal zone as the
I sea level fell over the oast 2 000 vears.
Photo - Bob Bume

I The Shark Bay stromatolites are the
I most accessible in the world.
I Photo - Jiri lnchman

where many are found today. However,
a wide variety of club-shaped, columnar
and reeflike forms were discovered in
subtidal environments down to about
four metres. This led to the conclusion
that similar club-shaped stromatolites
could be formed both intertidally and
subtidally by different forms ofmicrobial
maL

However, recent research suggests
that many ofthe club-shaped, columnar
and loaf-shaped stromatolites presently
located in the intertidal zone originated
beneath the sea. Here, they would have
had the chance to grow up to the water
surface. It seems likely that their
distinctive shapes are a result of
mouldingby waves and currents and the
action of sand being washed around
them. They were probably exposed by
falling relative sea levels over the past
2 000 years. Once they were stranded in
the intertidal zone, these stromatolites
were either colonised by intertidal
microbial mats or eroded.
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Although microbial mats can grow
over any stable, moist surface, the
stromatolites around Hamelin Pool
cannot grow above mean sea level, or
deeper than four metres below it. They
grow only 0.5 mm per year, while sea-
level has fallen 0.5 mm a year over the
period of growth. This explains why
sLromatolites grow to amaximum height
of about 1.5 metres in the shallow sub-
tidal zone, but decrease in overall height
upward through the intertidal zone and
downward towards the maximum depth
of colonisation.

Will stromatolites continue to inhabit
Hamelin Pool long into the future?What
changes would cause them to die out?
Their future is linked to the fate of the
Faur6 Sill. As long asthe currentpattern
of seawater exchange across the sill is
maintained, stromatoliteswill continue
much as they are today. If the inflow of
water is further restricted, the waters of
Hamelin Pool will become even more
salty and stromatolites will colonrse

deeper waters. If the inflow of sea water
is totally cut off, then Hamelin Pool will

eventually dry out.If, on the other hand,
the Faurd Sill was breached, with full

exchange with normal sea water, then
seagrass and perhaps corals would
displace the stromatolites.

THE EARTH'S OLDEST
LIFESTYLE

While the stromatolites are the result
of an ecological stTategy that dates back
almost to the origin of life, most of the
organisms forming the communities in
Hamelin Pool are not themselves
primitive, but are modern organisms
well-adapted to and successful in their
ecological niches. Some microbes are,
however, similar to very ancient forms.
For example, the cyanobacterium which
dominates one widespread tYPe of
intertidal matin HamelinPool is thought
to have descended from a similar form
that flourished I 900 million years ago
Thus, it represents one of the longest

continuous biological lineages known.
Since they were d iscovered in

Hamelin Pool, only two other marine
subt ida l  s t romato l i te-dominated
ecosystems have been discovered - both
in the Bahamas. The stromatolites there
are very similar to those of Hamelin
Pool, but are larger and grow in deeper
water of more normal salinity,

Non-mar ine st romato l i tes and
related structures (thrombolites) are
found in several lakes throughout the
world. They are alsofairly rare, and many
are threatened by human activities that
lead to increased nutdent loadings in
lake water or atificial drainage of lake
basins. Thrombolites are also formed by
microbes but have an unlaminated
structure composed of small clots of
carbonate cement. Some of the best
examples of non-marine stromatolites
and thrombolites occur in Western
Australia at Pink Lake (Lake Spencer)
near Esperance, Lakes Preston and
Clifton in the Yalgorup National Park,
l,ake Richmond at Rockingham, and lake
Thetis near Cervantes.

However,  the Hamel in  Pool
stromatolites remain the most abundant
and diverse examples o[growing marine
stromatolites in the world today. They
date back only for the past2 000 years or
so, and are therefore one of Australia's
newest ecosystems. Nevertheless, they
provide a unique look at what life was
like at the dawn of evolution. g

I The styomatolites of Hamelin Pool
I have only been growing for the past
| 2 000 yeays, but represent the Earth s
oldest lifestyle.
Photo - Bob Burne
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Crem turtles (Chelonia mydasL 1[e
commonest turtlx found along our
coast, begin to congregate in the
waters of Shark Bag from the end of
Julg. The Bog is the southemmost
nesting area for these long-liued
animab- During summer, female green
turtles laA their eggs on the white
sandg beaches of Bemier, Dote and
Dirk Hartog hlands, and occasionallg
at the northem tip of Peron Peninsula-
Illustration bu Philippa Nikulinskg.

lranaglng Edltor: Fon Kawalilak
Edllor: Ray Bailey
Cont butlng Editors: Verna Costello, oavid Gough,Tanyia Maxted and
CaolynThomson
D$lgnrSue Malais, Stacey Stri*land
Flnlshed an: Sandra Milchell
Advertlslng: Estellede San Migusl ' (0s)389 8644 Far:389 8296
lllusfafion: lan Dicknson, Sandra Mitchell and Stacey Stricldand
C€nogEphy: CALM Land Intomalion &anch
Colour separation by Prepress S€rvic€s
P nted in Western Australia bv Lamb Pint
O|SSN0815-4465 Allmateralcopy ght. Nopanoltemnlenlsolfiepublicalion
may be rcproduced without fie consenl ot the publishec.

LANDSCOPE
VOLUI\4E SEVEN NO,2 SUMMER EDITION 1991.92

This tour of the Gascogne's desert
coast guides Uou through Shark Bay
and WA's newest national park. See
page 10-

Close to uhere the fictional Gulliuer is
belieaed to haae been shipwrecked liues
one of the world's oldest organisms.
Lilliput's Castles, on page 34, describes
the creatures and the ecosystem theg
hLae built.
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