


















































FLUORESCENT CORAL FROM
SYDNEY HARBOUR

By J. C. YALDWYN
Curator of Crustaceans and Coelenterates, Australian Museum

Although reported previously, it was not
until 1957 that René Catala first demon-
strated on a large scale the unexpectedly
varied and bright fluorescent colours of
certain deep-water corals at the Noumea
Aquarium. New Caledonia (see *‘The
Aquarium of Noumea™, by Dr R. Catala in
Australian Natural History. Vol. 15, No. 5,
March, 1966). Fluorescence is the ability to
glow visibly under ultra-violet light, which
itself is invisible to the human eye, and
contrasts with fuminescence, or phosphores-
cence as it is sometimes called, which is the
ability to glow., or produce light. quite
independently of any external illumination or
irradiation. Dr Catala obtained his many
species of fluorescent corals from depths of
about 70 to 150 feet. both within the lagoon
and on the outer slope of the New Caledonian
barrier reef. In his book Carnival Under the
Sea, and film with the same title, Dr Catala
provides many colour photographs of these
corals and makes several general comments
on this phenomenon. He found that only a
limited number of species respond to ultra-
violet radiation: that all the individual coral
polyps of a colony, with few exceptions, show
the same fluorescent colour, or pattern of
colours: that the colours observed in order
of frequency were various shades of green,
orange, vellow, blue. red. brown and grey,
though colours could change after prolonged
exposure to ultra-violet ravs or for other
reasons: that only the living flesh of the
coral could fluoresce. not the calcareous
skeleton: that the fluorescence was inde-
pendent of the symbiotic zooxanthellae algae
within the coral tissue. and that over-
exposure to ultra-violet rays brought about
a decrease in the intensity of fluorescence in
the majority of corals. or even death in
certain sensitive species. Several different
fluorescent pigments have been identified
from these corals (compounds related to
flavines, urobilines and pterines). but as vet
no satislactory physiological reason for this
fluorescence, or any possible use of this
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phenomenon by the corals themselves. has
been put forward.

During the latter hall of 1966 one of the
two species of reef-type scleractinian corals
known from Sydney Harbour was found to
be fluorescent. Mr G. Goadby, manager of
Marineland, Manly, and divers A. Robeson
and D. Smith, brought specimens of the pale
slate-green Plesiastrea urvillei up from about
60 feet and found that they glowed blue
under ultra-violet radiation. Though not as
intense as many of the species at the Noumea
Aquarium, the blue fluorescence is relatively
bright and provides a fine display in a wall
aquarium tank in Marineland. where the
ultra-violet illumination can be switched on
and off by the visitor. The other reef-type
coral found quite widely in the Sydney area,
the brown Coscinaraea mcneilli, 1s apparently
not fluorescent.

The two photographs opposite were taken
by Bill Payne, of the Australian Women's
Weekly. and were originally reproduced in
colour in their issue of 14th December. 1966.
Published here with their permission. the
upper view shows the coral tank at Maripe-
land under normal artificial hght. while the
lower shows the tank under ultra-violet
illumination with the various specimens of
living colonial Plesiastrea along the bottom
glowing with their own fluorescence. The
starfish in the tank are the common intertidal
and shallow-water Coscinasterias calamaria
on the left wall and two Necrria ocellata on
the front glass. The latter is a fairly com-
mon. subtidal, temperate-water species.
The dark urchin en the back wall, partly
under the perforated metal outlet tube, is the
common southern New South Wales subtidal
Centrostephanus — rodeersii.  Three [leather-
duster polychaete tube-worms, Sabellastarte
indica, can be seen expanded in the centre of
the tank, above the large dome-like
Plesiastrea coral, and contrast with the two
long-tentacled anemones. Cerianthus specics.
one towards the centre (between the arms of
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The coral tank at Marineland, Manly, under normal artificial light (above) and ultra-violet

illumination (bzlow).

In the lower photo the living corals Plesiastrea urvillei on the bottom of

the tank are glowing with their own fluorescence

the lowest starfish) and one in the extreme
right back-corner ol the tank. The latter.
with its drooping tentacles, is surrounded by
numerous small, dark. feathery
the unusual unsegmented tube-worm
Phoronis australis, The special relationship

“*heads™ of

of Phoronis with Ceriantiius, in which the
worm lives in the thick, tough, slimy. mucous
tube of the anemone. has been described by
Isobel Bennett in Australian Natural History,

Vol. 14, No. 5, March. 1963
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A distillation plant used for the production of Eucalvptus dives oil in the Braidwood district, New South

Wales.

lid in the foreground will be lifted into position by the crane.
At right is a heap of firewood to fire the still.

condenser.

A heap of leaves may be seen, ready for charging into the still.

When the still is full the heavy
The stream behind the still cools the
[Photo: J. L. Willis.]

Volatile Plant Oils in Australia

By H. H. G. McKERN
Deputy Director. Museum of Applied Arts and Sciences, Sydney

HE natural vegetation of Australia

shows in general a strong contrast to
that of other continents. There are, of
course, restricted areas which do not display
much difference from similar vegetation
types elsewhere: for example, the mangrove
swamps of northern Australia are much the
same as those of Malaysia, and the Australian
rainforests show features similar to those in
other parts of the world. Nevertheless,
this country by and large presents a scenery
whose vegetation is regarded as typically
“Australian™, and the correctness of this
view is supported by botanical research
which shows a large. typically Australian
component of the flora. Dominant in the
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higher rainfall regions, of course. is the
genus Eucalyptus (commonly referred to as
eucalypts or gum-trees), whilst the wattles,
belonging to the genus Acacia. are typical of
the more arid regions.

Further, most travellers have observed
that the Australian vegetation is distinctively
aromatic. If we walk through the bush on
a warm summer day we are usually aware
of a distinctive fragrance: this may become
most pronounced in certain areas—for
example, in the alpine ash forests ( Eucalyptus
delegatensis) of the higher elevations (3,000
to 5,000 feet) of southeastern New South
Wales and of northeastern Victoria.

Australian Narural History



Cause of bush aroma

This aroma of the vegetation is due to
the fact that many plant species synthesize
volatile or essential oils (note that the word
“essential”™ as used here is the adjective
derived from the noun “essence”, and has
nothing to do with *necessary™). Volatile
oils are distinguished from the fatty or
“fixed” plant oils (such as olive oil, peanut
oil, linseed oil, etc.) by their volatility,
This may be shown by the simple experiment
of allowing a drop of a fatty oil to fall on a
piece of blotting paper, and, at the same
time., adjacent to the fatty oil, placing a
drop of an essential or volatile oil such as
eucalyptus oil or peppermint oil. If the
blotting paper is freely exposed to the air,
it will be seen that the drop of essential oil
soon evaporates or vaporizes, whilst the
fatty oil remains as a translucent stain
indefinitely: that is, it is non-volatile.

Volatile oils may be secreted by plants in
any organ—the leaf, the flower, the bark,
the wood and so on. In many plants of
the Australian bush, the oil is to be found
in the leaves; if you hold a Eucalyptus leaf
up to the light you will see a multitude of
translucent dots, each being an oil storage
reservoir, and you may smell the oil if you
crush the leal between the fingers, so
liberating the volatile oil from the enclosing
tissue. In the case of the genus Callitris,
the cypress pines, an oil is contained not
only in the foliage, but also in the wood. and
the odour of the freshly-sawn timber is most
pleasant and distinctive.

Volatile oils of commerce

Volatile or essential oils have been articles
ol trade for a long time, and when the first
English settlers arrived in Australia they
were familiar with European oils such as
lavender, peppermint or lemon oil. In one
of the earliest books on Australia, White's
Journal of a Voeyage to New South Wales,
published in London in 1790, there is
recorded the distillation of oil from the
leaves of a species of Eucalyptus (E. piperita)
found growing on the sandstone shores of
Port Jackson, and which had proved an
efficacious substitute for oil of peppermint
for medical use as a carminative. Although
the chemistry of the volatile oils was quite
unknown at that time, it so happened that
White chanced upon an oil whose chiefl
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constituent (piperitone) is now known to be
chemically closely-related to the main
components of oil of peppermint obtained
from Mentha piperita. However, apart from
this early essay in this field, we hear nothing
more of the extraction of volatile oils in
this country until the decade 1850 1860.
Presumably the sturdy pioneers were too
busy establishing a foothold in a rather
hard land, and found little time or inclination
for scientific experiment, and in any case
there was lacking a knowledge of organic
chemistry, a science which did not arise until
the middle of the nineteenth century.

The history of the Australian essential
oil industry may be said to have begun in
Melbourne in 1852 with the first experiments
of Joseph Bosisto, a pharmacist, encouraged
by the famous botanist Ferdinand von
Mueller, who had also studied pharmacy
and who became Government Botanist of
Victoria. By the sixties Bosisto was pro-
ducing eucalyptus oils commercially., and
the Australian essential oil industry has
thus now been in existence for over a century.
During this period many thousands of tons
of oil have been produced from many
different parts of the country, and for many
different purposes, for local use as well as
for export.

What are the different kinds of oil pro-
duced, and what are they used for? The
greatest tonnage of oil has undoubtedly been
won from the genus Eucalyptus (family
Myrtaceae), the familiar gum-trees earlier
referred to as dominating the Australian
rural scene. The term gum-tree, by the
way, is a misnomer as the eucalypts do not
produce gum. The sticky red exudation
which caused the early settlers (quite innocent
of any chemistry) to confer upon them this
name is not a gum, but a kino, and is related
to the tannins. Nearly every species of
Eucalyptus. however, contains a volatile oil
in the leaves in greater or lesser amount.
and this oil varies in chemical composition
with the species.

By a technique known as steam-distillation,
it is possible to extract the oil from the
foliage, using a fairly simple apparatus,
Foliage from the selected species is packed
into a vessel known as a still, into which
steam may be admitted at the bottom.
The vessel is closed by a tightly-fitting lid,
and the steam rises through the mass of
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A Ewncalvprus oil distilla-
tion plant with three stills,
partly embedded in the
earth, two of which have
their lids closed during a
“boil”". The crane is used
to discharge the heavy,
wet, spent leaves, a heap
of which is seen still
steaming from a previous
operation. [Photo: J. L.
Willis. ]

leaves. As it does so, it vaporizes the oil,
and both oil vapour and steam escape
through an outlet pipe towards the top of
the still. The outlet pipe leads to a con-
denser, usually an extension of the outlet
pipe, but laid under water so that both oil
vapour and steam are cooled and condensed
back to oil and water. The oil, being
lighter than water and immiscible with it.
rises to the surface as an upper layer in a
receiving vessel designed to retain the oil
layer but to permit the condensed water
to discharge continually to waste.

Actual details of design of eucalyptus oil
distillation equipment vary considerably,
but they are basically of two types—one in
which the steam is generated in a boiler
and led to the still by a pipe, and another in
which the steam is generated from a shallow
layer of boiling water at the bottom of the
still which is heated by a direct fire. In
this latter case, the charge of leaves is
supported above the water-level by a grid.
An indicator must be attached to such a
direct-fired still to permit the operator to
control the water-level to prevent the still
boiling dry and burning the charge. The
distilleries employing steam generated in a
separate boiler are usually relatively large
establishments, with perhaps two or three
cylindrical underground stills 12-14 feet
or so deep and 6 to 8 feet in diameter. Such
stills are capable of taking several tons of
foliage at a charge. They are found typically
in areas of flatter terrain (e.g., the Wyalong
district of N.S.W. and in central and north-
western Victoria).
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Uses of eucalyptus oils

What are eucalyptus oils used for?
is governed by their chemical composition:
the broad-leaved peppermint (£. dives) in the
Braidwood district and elsewhere in N.S.W,
yields an oil rich in the substance known as
piperitone, which is used in chemical industry

This

for the synthesis of menthol. Such a species
as E. fruticetorum, or the blue mallee, is a
hardy plant of the 15-18 inch rainfall regions
in N.S.W. and Victoria whose leaves yield
an oil rich in cineole; oils of this class are
used in pharmaceutical formulations. Cer-
tain populations of E. radiata in southern
N.S.W. yield an oil that is of value in the
manufacture of disinfectant preparations.

The genus Eucalyptus is not the only plant
group in Australia to be utilized for essential
oils. On the far north coast of N.S.W. a
species of Melaleuca. M. alternifolia, yields
“tea tree” oil of commerce, used in medicinal
preparations, whilst in Western Australia
sandalwood oil for perfumery is extracted
from the wood of Santalum spicarum.

Finally, although Australians are naturally
interested in these natural products from the
indigenous flora, we should remember that
volatile oils are also produced on a limited
scale in this country from some exotic plants.
Citrus oils are expressed or distilled from
lemons and oranges and are used as flavouring
agents. Further, a very efficient lavender oil
industry has been established in north-
eastern Tasmania, and a high-quality French
tvpe of lavender oil is regularly marketed in
successful competition with oils of overseas
origin.

Australian Narural History



2 s g..;_ =
o SR Hing,
4 - e T T S
e - &

Children of villagers beiween Khonkaen and Chompae, central Thailand, who gave the author tektites.
[Photo: Author.]

THE TEKTITE PROBLEM

By R. O. CHALMERS
Curator of Minerals and Rocks, Australian Museum

N the sandhill country of the arid

Australian inland australites are found
mainly lying on the surface of the bare low
areas between the sandhills known as clay-
pans. The surface of the claypans consists
of sand grains cemented by clay, calcium
carbonate and iron compounds to form a
semi-consolidated soil, usually of a reddish
tint.

The sandhills of inland Australia originated
when dry conditions set in during the late
Pleistocene. Vast quantities of sediments
had been brought by rivers into Australia’s
inland drainage systems, particularly the
Lake Eyre basin. Long periods of high
winds concentrated the sand content of
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these sediments into sandhills. These events
took place in very recent times, geologically
speaking, probably within the last three-
quarters of a million years. So far it has
been impossible to obtain geological evidence
of the age of fall of the australites in the arid
regions.

One has a strong feeling that, in the and
inland, australites are now lying close (o
where they originally fell. There has been
some slight movement and distribution of
australites on the claypans by rain which,
though it falls infrequently, may fall in
large quantities in a short time. If australites
are found embedded in the claypans due to
the action of running water it is to a depth of
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no more than a few millimetres and the
greater part of the australite is exposed above
the claypan surface.

Since the period of intensive oil search
began a few years ago australites have been
found by exploration teams in a number of
areas in the sandhills of the Simpson Desert.
Since 1963 field trips by the writer in conjunc-
tion with staff from other scientific institu-
tions, such as the United States National
Museum in Washington and the Australian
National University in Canberra, have
revealed important new areas in the Lake
Torrens, Lake Eyre and Birdsville Track
regions. Not only are the australites reason-
ably abundant in all these regions, but a
remarkably high proportion of them show
regular shapes, such as flanged buttons,
dumb-bells, elongated shapes and ““bungs™.
This is clear evidence that in all these places
the australites have suffered little movement,
otherwise so many perfect shapes would not
have been retained.

Age of australites

It 1s generally agreed that all tektites-were
formed from the melting of surface rocks
by the impact of giant meteorites either on
the surface of the earth or the moon. Dating
by one of the most modern procedures, the
potassium-argon method, shows that the
original formation of australites took place
700.000 years ago. Regardless of the place
of origin. it is certain that the unique regular
shapes of australites are caused by the
secondary melting of the surface layers due
to heat generated by friction with the
atmosphere during their fall to earth. The
“flange”, one of the most unique features of
the perfectly-shaped “button™ type of
australite, is caused by this second period
of melting. Age determinations on the
flange material should therefore give the
age of fall. Although the findings cannot
be regarded as entirely conclusive. some
determinations show the age of the flange to
be the same as the age of the centre portion,
namely 700,000 years. The inference from
this is that the flight of the australites through
the atmosphere took place immediately
after the initial formation by meteorite
impact and that australites have been lying
on the surface of Australia for 700.000 years,
which, it should be noted, is not incompatible
with the age of formation of the sandhills
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On the other hand, a carefully controlled
archaeological-type excavation was recently
carried out in an australite area at Port
Campbell, on the western coast of Victoria.
Here the australites show a more perfect
state of preservation and less signs of
abrasion than in any other locality. From
the association of australites and carbonized
plant stems, the age of which has been
determined by the carbon dating method.
it 1s concluded that the australites fell no
more than about 7.000 years ago. The
problem posed by the contradictory evidence
of 700,000 and 7,000 years for the age of fall
remains to be solved.

Tektites in Czechoslovakia and Thailand
During an overseas visit in 1966 | was

able to wvisit two other countries where
tektites are found, Czechoslovakia and
Thailand. Czechoslovakian tektites are

known as moldavites (Czech, vltaviny).
They were so named because they were first
found in Southern Bohemia near the Moldau
(Vltava) River. The first scientific descrip-
tion appeared in 1788. The tektite area
lies to the west of a sizable town, Ceske

Moldavites from with (at

Czechoslovakia,
bottom) a cast of the largest moldavite (3 inches
long) ever found in Southern Bohemia. Czecho-

slovakia. [Photo: C. V. Turner.]
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Tektites from Thailand.

top left is the lavered Muong Nong type.

Budejovice, about 70 miles south of Prague.
Another group of tektite localities lies about
100 miles to the west in the vicinity of Brno,
in the province of Moravia.

The South Bohemian localities are in
agricultural country. The moldavites are
found mainly in fields under cultivation and
are usually discovered by ploughing. They
also are found in present-day stream gravels
and in high-level sands and gravel beds.
which form deposits up to 30 feet thick on
the tops of low well-wooded hills about 200
to 400 feet above the level of the present
streams. One could hardly imagine a
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The natural size of the specimen at bottom left is 4 inches long.

The tektite at
[Photo: C. V. Turner.]

greater contrast between this pleasant, green
countryside, dotted with picturesque Czech
villages, and the australite localities of the
sandhill country to which I was accustomed.

Moldavites are older than australites.
I'he moldavite-bearing high-level sand and
gravel beds were deposited anything from
| to 6 million years ago in middle to upper
Pliocene time. Potassium-argon age deter-
minations give an age of formation of 15
million years for moldavites.

South Bohemian moldavites are much
more translucent than australites and are
light green. Specimens of regular shape
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and smooth surface have been found, but,
due to the corrosive effects of chemical
solutions in the form of groundwater,
moldavites are mostly markedly pitted and
grooved.

Time did not permit a visit to the Moravian
localities. There the moldavites are larger
and much smoother because they are found
mainly in present-day stream deposits and
have suffered considerable abrasion. They
are greenish-yellow or brown. resembling
the colour of australites.

Evidence of a terrestrial origin for moldav-
ites has been adduced from the Ries Kessel
(Giant Kettle), a cauldron-like area, 17
miles in diameter, which lies in southern
Germany about 160 miles west of the
southern Bohemian moldavite localities.
Because of the presence of glassy fragmental
rock in the Ries Kessel, and also scattered
around it up to a distance of 6 miles, it is
considered that it was formed by the impact
of a giant meteorite. The heat generated
by impact melted the country rock to form
glass. Itis a very old crater. No fragments
of iron meteorites are found associated with
it. and small towns have been built within
the rim. It is sometimes known as Nord-
lingen Ries after one of these towns. It is,
of course, much larger than even the largest
of recently formed meteorite craters, the
Canon Diablo (Barringer) in Arizona.
Potassium age determinations show that
the age of formation of the crater glass is
the same as that for moldavites. However,
the crater glass differs considerably in
appearance and in chemical composition
from moldavites. Geological study of the
sedimentary rocks in the crater and the
depth to which the effects of the impact
extended supports the age of 15 million
years for the formation of the crater.

However, as already mentioned, the
geological age of the high-level sands and
gravels, the oldest formation of Teritary age
in which moldavites are found, is only about
6 million years. The consensus of evidence
would seem to support a cosmic origin for
the moldavites, but, as with the australites,
the discrepancy between the age of formation
and the age of fall remains to be explained.

Age determinations on the Thai tektites
show the age of formation to be the same
as that of australites. Indeed, it iS now
firmly established that the tektites of south-
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east Asia, including southern China, Vietnam,
Laos, Cambodia. Thailand, the Philippines,
Malaya, Borneo and Indonesia, originated
at the same time as australites. There is no
reason to doubt that these all fell at the one
time, even if the age of fall remains to be
discovered. This, together with the absence
of evidence of impact craters of such
dimensions as would cause a scatter of
tektites over such a large section of the
earth, would seem to favour a cosmic origin.
Not even the most confirmed terrestrialist
has ever suggested that the four known
meteorite craters in Australia were the
source of australites.

In Thailand 1 spent 2 days in the area
between Khonkaen and Chompae.
Khonkaen is a small town 250 miles north-
east of Bangkok on a railway that terminates
at Vientiane, the capital of Laos, on the
Mekong River.

This region is on a plateau at a much
higher elevation than Bangkok. The climate
is therefore much more temperate. In fact,
the general scenery reminded me of much of
the eastern part of New South Wales.

The tektites are found in the reddish-
brown lateritic soil. They are mostly partly
buried in small watercourses. They have the
same black lustrous appearance as australites,
but in general are much larger. Many show
regular shapes, though not so perfect as
australites, and due to the solvent action of
groundwater they are much more pitted than
australites.

On this field trip tektites were collected
and many were generously given to me by
local villagers, all of whom had contact with
field parties of the Department of Mineral
Resources of Thailand and realized that
tektites were objects of interest to geologists.

Tektites are much more plentiful in
Thailand than in Australia. In a lapidary
shop in Bangkok I saw many pounds weight
of tektites for sale and there seems to be an
almost continuous supply sent down from
the tektite-bearing localities to the capital.

These field trips were made possible by
the generous co-operation in Prague of
Dr K. Tucek and Dr J. Svenek, of the
National Museum, and Dr V. Bouska, of
the Charles University, and in Bangkok of
Dr Kaset Pitakpaivan, Chief of the Geology
Section of the Department of Mineral Re-
sources. Their help is gratefully acknowledged.
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The excavation of a large Aboriginal shell midden at West Point, on the west coast of Tasmania,
[Photo: Author.]

4

‘t’a&."q—;

Middens and Man in Tasmania

By RHYS JONES
Department of Anthropology, University of Sydney

HE Tasmanian Aborigines are dead. In

their brief period of contact with
European culture some records of them were
made but these, regrettably, have only given
us a limited picture of their way of life.
The Aborigines themselves, however, have
left their own mark on the Tasmanian land-
scape. The farmer following his plough, or
the walker on the seashore, can, if he is
lucky, see evidence of past human activity.
The archaeologist looking at the countryside
is obsessed with certain features. A ridge of
sandstone may contain rock shelters, a patch
of loose sand may have stone tools lying on
its surface, or an eroding dune may reveal a
prehistoric skeleton. In his mind’s eye he
sees women eating shellfish in the shelter of
some dunes, or a group of hunters travelling
slowly across a marsh and setting fire to the
reeds and low bush as they go, or a small
cave with the half-gnawed bones of a wallaby
scattered around a fireplace, with the ashes
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still warm. From a study of the physical
manifestations of past human culture, the
archaeologist attempts to write history, and
in the case of Tasmania before the arrival of
literate Europeans he has to rely completely
on the resources of his own discipline.

Field archaeology

Tasmania has a varied coastline, and
archaeological sites are common along it.
These are middens, consisting mostly of
shells and containing animal bones, charcoal
and stone tools. Middens are sometimes
found on the shores of an estuary, or on a
rocky headland close to a rich source of food,
but often their presence or absence is dictated
by the uncertain chances of conservation. A
small midden may be preserved by a protec-
tive covering of sand for thousands of years,
while a neighbouring large site may be
destroyed by a couple of heavy winter storms.
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Some sites consist of thin bands of shells
representing a single meal: others are huge
piles of shells covering an acre of ground and
up to 8 feet thick, laid down by large groups
of people who regularly came there to exploit
a particular food source, year after year, for
thousands of years.

In many places on the west coast the wind
is eroding the dunes, thus exposing and
eventually destroying the middens contained
in them. This is especially true in the north-
west between Cape Grim and Sandy Cape,
where, after a gale, tens of thousands of
artefacts and bones are exposed on the sand.
The Aborigines often took advantage of the
natural shelter afforded by overhanging rocks
or caves, and many coastal caves contain
large shell middens, On the north coast,
between Table Cape and Rocky Cape, are
several old sea caves formed by a past high
sea-level, and I have excavated three of them.
Many of the offshore islands, such as Hunter,
Bruni and Maria Islands, have shell middens
on them, showing that they were often
visited in prehistoric times. The watercraft
of the Aborigines were efficient enough for
them to travel across often treacherous
coastal waters, but the lack of sites on the
large Bass Strait islands, such as King and
Flinders Islands, shows that longer journeys
were not successful, or were not made in
recent prehistoric times.

Collections of stone artefacts have been
made in Tasmania for over 60 vears, and, by
plotting the distribution of these surface
finds, we can make a fair guess as to the parts
of the country occupied by the prehistoric
Aborigines. Such a map was published by
Mrs Belleau Kemp in the December, 1963,
issue of Australian Natural History, and from
it we can see that in the west the occupation
was restricted to the narrow coastal plain,
whereas in the east there was occupation not
only along the coast but also inland in the
midland plains and in the river valleys such
as that of the Derwent. The absence of
surface artefacts corresponds closely with the
distribution of the temperate rainforest, and
it is likely that this dense vegetation formed a
considerable barrier to communications.

Some botanists have put forward a theory
that the present floristic distribution in
Tasmania has been greatly affected by past
burning activities of the Aborigines. The
extensive areas of sedgeland and mixed
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Eucalypt-Notofagus forest in the west are
believed to have been enlarged by intensive
burning by the Aborigines over thousands
of years. Now that the Aborigines have gone,
the rainforest has crept back, and Mr W. F,
Ellis tells me that he found great difficulty
in cutting his way through coastal scrub on
the southwest coast in areas described by
Robinson in 1830 as being fairly open
country. Similarly, open grassy plains
noted by Hellyer and others at Surrey Hills,
in the northwest highlands, are now covered
by dense rainforest. It is likely that the
Aborigines, using fire, kept open the western
coastal plain and there are accounts of fire-
maintained routes penetrating the rainforest.
Travel through the Euwcalypt forests in the
eastern part of the island would have been
much easier, not only because of the ease in
setting fire to them, but also because of the
richness of game there.

An Aboriginal stone quarry in the eastern high-

The ground is covered
[Photo: B. Hiatt.]

lands, near Lake Leake.
with cores and flakes.
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The majority of stone artefacts in the
museums have come from surface collections,
but it is also possible to find stratified sites
inland as well as on the coast. | have seen
several rock shelters with signs of occupation
in them in the sandstone country in south-
east Tasmania, but none of these had large
depths of deposit. A future rich source of
sites in the midlands may be associated with
the inland sand dunes, believed to have been
formed in a drier post-glacial period.
Modern erosive ** blowouts™ uncover stone
tools, and I have made collections in such
sites at Grimes Lagoon, Crown Lagoon, and
on the shore of Lake Dulverton. Some
artefacts in situ show that these, at least,
date from the end of the period of sand
deposition and immediately prior to the
formation of the topsoil horizon. The
Aborigines carefully selected the raw materials
for their stone tools and usually exploited
limited outcrops of suitable rock. Many of
these quarries have been found, and, where
the outcrop itself occurs, the ground is
covered for hundreds of yards with large
quantities of smashed boulders, cores and
flakes. In the midlands, near Ross and at St
Peter’s Pass, for example, the raw material
is a metamorphosed mudstone or hornfels.
On the northwest coast, a sponge chert was
used, the exact source of which has not yet
been found, but tools of this material have
been discovered up to 100 miles away along
the north and west coasts.

I have described industrial and habitation
sites, but there are also the remains of
intellectual activities. On the west coast
there are several places where the designs of
circles and lines have been carved on the
faces of rocks. The most complex group is
at Mount Cameron West, where the designs
have been engraved in a soft sandstone.
Near Anson’s Bay | found a row of flat
stones arranged in a straight line on the
surface of a midden, and there was a second
row stratified about a foot below the top one.
Perhaps these marked a site which was
important to the Aborigines for ceremonial
or other reasons. When a person died,
there was a variety of burial procedures.
Sometimes he might have died alone, his
skeleton covered by drifting sand, but often
elaborate burial practices would have been
carried out. Bodies were placed in a flexed
position on a pyvre and burnt, the bones then
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being broken and placed in little pits. Some

such pits have been found.

These prehistoric remains could be any
age between the time of the arrival of the
Tasmanians and the time of their extinction.
If we wish to place them in a chronological
order we have to excavate sites under
controlled conditions and date the deposits,
using radio-carbon dating techniques.

Excavations at Rocky Cape

The three caves which | have excavated at
Rocky Cape and Sisters’ Creek contained
shell middens, and in each case beneath the
shells there were sand and decayed rock
completely sterile of cultural remains. |1
think that the deposition of the basal layers
of middens in the caves marks the beginning
of their human occupation, and perhaps the
first arrival of man in the immediate locality.

The first phase of occupation began at
about 7,500 to 8,000 years ago. In the basal
layers of the South Cave at Rocky Cape, the
majority of the bones are of seal, but parrot
fish bones are also common. Those of sea
birds and land animals are present but rare.
The bones of animals associated with the sea
constitute 95 per cent of the total weight of
dry bone, and if we add the contribution of
the shellfish to the diet, which would have
been at least as great as the total meat from
the vertebrate animals, we see the almost
complete dependence on the sea and its
littoral as a hunting area for meat. In the
case of seal. the high preponderance of flipper
bones and jaws suggests that these choice
bits were cut off the carcases, perhaps on the
shore, and carried up the steep cliff to be
eaten in the cave. The stone tools were
made from local materials, such as pebbles
on the shore or the quartzite of the cliffs, and
consist of rough unsophisticated retouched
flakes and utilized cores and pebbles. We
found thirty-five bone tools, most of which
were sharp points made from the fibulae of
wallabies.

Later on, at about 4,000 years before the
present, we see essentially the same protein
diet with perhaps an increase in the import-
ance of fish. Most of the stone tools are
crude flakes made from local materials as
before, but we also get well made tools
manufactured from raw materials which are
foreign to the area. This reliance on exotic
raw materials increases as time goes on, so
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that in the top layers of the North Cave at
Rocky Cape, dated to about 450 years ago,
most of the finished tools were manufactured
from cherts and silicified breccias which had
been carried over a long distance to the site.
The tools consist of well made concave and
steep straight scrapers and alternate-flaked
cores. In these levels 1 found no bone
tools, and | suggest that they were no longer
being made here. There are some marked
differences between the diet of this latest
phase and that of the preceding ones.
Parrot fish were no longer eaten, and there
was a decline in the relative importance of
seals. Conversely, sea birds and marsupials
became more important. In the top levels
of the North Cave at Rocky Cape the weight
of bones of land animals constitutes 30 per
cent of the total dry bone weight, and those
of sea birds up to 40 per cent in some spits.

West Point

As a contrast to these caves, which are
situated on cliffs overlooking the relatively
sheltered Bass Strait, I also excavated a
large open shell midden on the exposed west
coast near the West Point lighthouse. This
site, with a basal date of 1,850 + 80 B.P.,
and a top one of 1,330 + 80 B.P., corres-
ponds in general to the latest prehistoric
phase of the cave sequence, and its contents
are similar in many respects.

The midden contains a large quantity of
flaked stone, and the profusion of cores and
unretouched flakes shows that stone tool
manufacturing activities were carried out at
the site. The raw material used in the top
half of the deposit was almost exclusively
a fine sponge chert, which was probably
quarried locally. The tools consist of
scrapers with both concave and convex
working edges on them, finely retouched
flakes and utilized cores. There were also
many small pebbles with heavy battering
around their periphery, and these seem to
occur commonly on the western coast of
Tasmania. The shells of the midden were
mostly Subninella undulata and the Abalone
Notohaliotis ruber, but a wide variety of
other littoral shellfish were also collected.
There was a large quantity of animal bones
in the site, most of the meat being provided
by seals. These have been identified by
the Curator of Mammals at the Australian
Museum, Mr Basil Marlow, as Southern
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Elephant Seals (Mirounga leonina). Most of
the animals killed were young and it is
probable that the site was occupied during
summer at least, when the seals were breeding
and moulting. Land animals such as
wallabies, bandicoots, possums, native cats
and Tasmanian Devils were eaten and sea
birds also provided a major source of food.
A curious absence is that of fish, and this
corresponds with the contemporary deposits
at Rocky Cape.

We found several small pits filled with
burnt and smashed fragments of human
bone. Several individuals are represented,
and it is probable that, after they had died.
they were cremated in the same way as
described by Robinson in 1832. In one pit,
the bones were accompanied by several
dozen small shells with holes in them, and
these may be the remains of some sort of
necklace.

Sequence for northwest Tasmania

Thus, for northwest Tasmania we have a
cultural sequence from about 8,000 to 500
years ago, with some elements showing
change and others conservatism. On the
one hand, the eating of fish and the making
of bone tools were discontinued, and, on
the other hand, there was a gradual improve-
ment in the selection of the raw materials
for stone tools and in the technique of their
manufacture. The complete dietary depen-
dence on the sea in the early phase became
supplemented by the killing of land animals
later on, and it is likely that rich sources of
food such as the Elephant Seals would have
been intensively exploited whenever they
were available.

I do not think that this sequence will
hold in its details for the whole of Tasmania;
in particular, I do not think that the relatively
crude stone tools from the basal levels
represent the standard of workmanship all
over the island at that time. In the early
phase, northwest Tasmania may have been
a peripheral area to the main zone of
occupation, and we require parallel sequences
in the midlands and southeast Tasmania to
test this.

Mainland archaeology

How does this fit in with the archaeological
picture on the mainland? The oldest dates
for occupation so far found on the mainland
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Pierced shells and a
duck’'s  bill which
accompanied burnt

human fragments in a

pit at the West Point

midden. The vertical

shell at the right is 3

inches long. [Photo:
R. French.]

range from 24,000 to 18,000 years ago in
northern and western Australia. In south-
east Australia, a date of 11,000 years B.P.
has been obtained in eastern New South
Wales, and near Melbourne stone tools
have been found in a deposit older than
8,000 vyears. It is reasonable to assume,
therefore, that about 12,000 to 10,000 years
ago man had arrived in southeast Australia.
The sea-level was over 200 feet below its
present level and this meant that the island
we now call Tasmania formed part of a
mountainous southward-pointing peninsula,
with the coast in places up to 40 miles out
to sea from the present shore. The warmest
summer month was some 9° F lower than
at present and the high mountains in
Tasmania and the Southern Alps contained
glacial and periglacial zones. As the climate
became warmer and the ice-covered and
treeless areas in the highlands contracted,
the sea-level rose until Tasmania became an
island. If we assume that in this inhospitable
country—especially in the west, which may
have had a dense rainforest cover—the first
human settlements were closely tied to the
coast, then these would have been covered
by the rising sea. The inhabitants, if there
were any, would have been forced back onto
higher and perhaps unfamiliar ground.
This is surmise, but what is clear is that, as
soon as the sea arrived at its present coast-
line, men with a strongly littoral economy
first occupied the old sea caves on what was
again the north coast of Tasmania.

Some 30 years ago, N. B. Tindale pointed
out the similarity between Tasmanian stone
tools and certain ancient assemblages on
the mainland, and this has been demonstrated
stratigraphically by D. J. Mulvaney at
Kenniff Cave in south Queensland. In the
lower levels. dated from 16,000 vears to
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about 5,000 years ago. were steep retouched
cores, and a variety of convex and concave
scrapers which in general terms are similar
to tools found in Tasmania. Above these.
dating from 5,000 years until the present,
were unifacial points, backed blades, adze
flakes and ground edged axes, none of which
have been found in Tasmania. Sequences
similar to this have been found in Cape
York. the Northern Territory, eastern
N.S.W., and South Australia, with the new
and diverse industries replacing the old ones
around about the third millenium B.c. (In
this briefl report, | have not taken account
of Mrs C. White's very old dates for ground
edged axes in Arnhem Land.)

Man arrived on the continent over 20,000
years ago, making certain kinds of stone
tools. and he was occupying Tasmania when
it became an island. In Tasmania the style of
stone technology continued relatively un-
changed until European contact. On the
mainland, however, new cultural elements
appeared., probably derived from Asia,
which swamped the old culture, at least in
the sphere of stone toolmaking. These new
influences never reached Tasmania, however,
because of the barrier of Bass Strait. At
the period of contact, Tasmanian Aboriginal
culture had retained (through isolation for
over 8,000 vears) technological elements
which had once been widespread over the
continent several thousands of vears ago.
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Fig. 1:

A germinating mistletoe seed cemented to a host branch by a sticky layer on the seed.

The emerging

root, in the form of a sucker pad that becomes attached to the host, develops an hautorium which penetrates
to the host’s xylem tissue.

Parasitic Flowering Plants

By B. A. BARLOW

Senior Lecturer in Biological Sciences,

E usually think of flowering plants as

one of the foundations of our food
web—as an aggregation of attractive f[ree-
living organisms which quietly and unselfishly
manufacture the basic food materials which
support all animal life, including man. It
is sometimes surprising, then, to learn that
a large number of flowering plants can be
broadly classed as parasites.

Most flowering plants which fall into this
category are actually partial parasites: their
nutrition is normal except for some modifica-
tion they have developed to overcome a
particular nutritional deficiency in their
environment, such as water or nitrogen.
Toral parasites, obtaining all of their food
materials from an organic source, are rare.

The diversity of parasitic flowering plants
is also noteworthy. Some belong to large
groups which are exclusively parasitic.
Others belong to diverse families in which

parasitism is rare or otherwise absent.
Flowering plants have evolved nutrition
by parasitism on numerous independent

occasions, and in the process there has
accumulated a wide range of modifications
for parasitic hfe.

September, 1967

Flinders University of South Australia

The adoption of parasitism has a distinct
effect on the future history of the species.
Further evolution becomes channelled: the
modifications of most selective value are
those which increase the plant’s efficiency as
a parasite. The species often becomes more
and more specialized for life on a particular
host species, and less likely to live on others.
There are frequently reduction and elimination
of structures (sometimes, for example, leaves
or roots) which no longer carry out their
original functions, Highly specialized para-
sites are thus often highly host-specific. much
reduced plants with no evolutionary escape
if the normal host becomes unavailable.

Evolution for increased efficiency as a
parasite often involves reduction in the
degree of disturbance caused to the host,
since the survival and vigour of the parasite
usually depend on the survival and vigour
of the host.

Root parasites

Root parasites are plants which have
absorbing connections (haustoria) between
their roots and those of neighbouring plants.
Above the ground. then, there is no evidence
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of their parasitic nature. They often have
connections only with the water-conducting
tissues (xylem) of the host, so that they only
obtain water and mineral salts parasitically,
and manufacture their own food materials
in the usual way. As would be expected,
such root parasites develop very little host
specificity, and appear to be able to para-
sitize a wide range of neighbouring plants,
Root parasites may be small herbs or
large trees: some species of Gaiadendron in
South America are described as reaching
80 feet. Well-known root parasites in
Australia are members of the family Santa-
laceae (e.g., Santalum, Exocarpos), some
Olacaceae (Olax) and two species of the
mistletoe family Loranthaceae (Nuytsia flori-
hunda, the Western Australian Christmas
Tree. and Arkinsonia ligustrina, a small shrub
of the Blue Mountains, New South Wales).

Some root parasites lack chlorophyll, and
are therefore complete parasites, obtaining
both water and food materials from the host.
These include several genera of the broom-
rape family Orobanchaceae (one species in
Australia). Probably one of the most
unusual of flowering plants is Rafflesia, a
Malesian genus of Aristolochiaceae, which
parasitizes grape roots. The vegetative parts
of the plant grow entirely within the host
tissues, and have become so reduced that
they resemble fungal threads. The only
parts visible above ground are the foul-
smelling flowers, which reach 3 feet in
diameter in one species.

Stem parasites

Stem parasites are more obvious parasites
in that they develop haustorial connections
with the stems of their hosts. Some stem
parasites start life as free-living terrestrial
plants, but quickly develop into vine-like
plants and become attached to other plants.
When the basal part of the parasite dies off
the plant remains as a completely aerial
parasite deriving some or all of its materials

from the host. Plants in this category include
Devil's Twine (Cassytha, family Lauraceae),
a leafless plant with green stems, which
obtains only water parasitically, and Dodder
(Cuscuta, family Convolvalaceae), also leaf-
less, which has vellow stems and is a total
parasite.

The more highly specialized stem parasites
are those in which the seeds are modified so
that they germinate on tree branches, and
the plant never has a direct connection with
the ground. Most parasites of this type
belong to the family Santalaceae or to one
of the mistletoe families Loranthaceae and
Viscaceae. There are about seventy-five
species of mistletoe in Australia.

The seeds of most mistletoe species are
bird-distributed, and some birds, such as
the Mistletoe Bird ( Dicaewm hirundinaceun),
live in close association with the mistletoe
plant, feeding on the fruits. This bird
defaecates in such a way that the undigested
seeds fall not to the ground but on the
branch on which 1t is perched. A sticky
layer on the seed cements it to the branch,
where it germinates spontaneously. The
emerging root is highly modified in the form
of a sucker pad, which becomes attached to
the host. and develops an haustorium, which
quickly penetrates to the xylem tissue of the
host (fig. 1). Parasitism i1s thus established
in the early seedling stage, and the mistletoe
eventually becomes a woody shrub.

Since the more primitive species of mistle-
toe and Santalaceae are root parasites, it is
presumed that the aerial parasites evolved
from terrestrial root parasites, not from
non-parasitic epiphytes (plants which grow
perched on others). The major step in the

Fig. 2: Portion of
a  mistletoe  runner,
showing secondary

haustoria,
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Fig. 3 (above): The open leaf of the Venus

Flytrap, showing the sensitive hairs on the
mmner surface. Fig. 4 (below): The leaf-trap

closed, showing the interlocking of the needle-
like processes on the leaf margin.

sequence must have been the modification
of the embryo or very young seedling for
rapid haustorial attachment to the host,
thereby eliminating the need for a normal
root system in the soil.

Many aerial mistletoes have “‘runners™,
which are roots that spread along the host
branch, producing new haustoria at regular
intervals (fig. 2). These structures are pro-
bably homologous with the root system of
a terrestrial root parasite. Evolution in the
mistletoe has favoured greater efficiency of
the primary haustorium: the runners with
their secondary haustoria have disappeared
in the more advanced species, which have
only a single highly efficient absorbing
connection with the host.

Further evolution in the mistletoes has
resulted in increased host specificity: some
species only grow on one or a few related
host species, to which they are closely
adapted. The adaptation in the Australian
species has often involved the development
of a close mimicry in the foliage of the
mistletoe of that of its host, so that the
parasite is well camouflaged. The function
of the mimicry may be to conceal the plant
from animals which might feed on it without
effectively dispersing the seeds.

September, 1967

All  mistletoes and most other aerial
parasites are partial parasites only, taking
up water and mineral salts from the host’s
xylem.

Insectivorous plants

Insectivorous plants grow mostly in
nitrogen-deficient soils. They supplement
their nitrogen uptake by trapping insects and
digesting the nitrogen-rich exoskeleton. The
nutrition of the plants is otherwise normal.
The mechanisms for trapping insects are
many and varied. Some involve the luring
of insects into non-moving traps: others
catch insects by movements which in some
cases are quite rapid.

There are many species of sundew ( Drosera)
in Australia, all with the same kind of
trapping mechanism. The leaves are covered
with long hairs, each with a gland at the tip
which secretes a sticky, sugary liquid.
Insects attracted to the leaf are caught in
the sticky secretion, enclosed by many of

Fig. 5: The leaf of the Pitcher Plant Nepenthes.
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the hairs and digested by enzymes contained
in the sticky secretion. The bending of the
hairs over the insect is a chemical response,
since it does not occur if the leaf is irritated
with a grain of sand. In the same family
is the Venus Flytrap (Dionaea), in which
insects are caught by a rapid movement.
The leaf blade is folded, and on each margin
is a row of needle-like processes (fig. 3).
When an insect stimulates one of the sensitive
hairs on the inner leaf surface the leaf closes
quickly and the needle-like processes fold
over and interlock, trapping the insect (fig. 4).
The mechanism of the stimulus transmission
and movement is not fully understood, but
the folding is due to the sudden loss of
water from certain cells at the base of each
process and along the fold of the leaf.

In some genera (Sarracenia, Nepenthes,
Cephalotus) there is a remarkable develop-
ment of the end of the leaf into a pitcher,
sometimes provided with a lid (fig. 5). (The
lid does nor open and shut in order to catch
insects: it is fixed in an open position and
probably serves to keep rain out.) Insects
which fall into the pitcher are prevented
from escaping by downward-directed hairs
on the inside of the pitcher, drown in liquid
at the bottom of the pitcher and are digested.

Species of bladderwort (Utricularia) trap
insects in bladder-like modified leaves, which
have a trapdoor that prevents the victims’
escape. Some Utricularia species are aquatic,
and it is thought that the bladders pump
out water, causing a reduced pressure inside.
The insect is carried into the trap by a
sudden inrush of water when it stimulates
sensitive hairs and breaks a surface tension
barrier at the entrance.

[The diagrams in this article are by the
author.]

NEW POST FOR CURATOR

Dr D. F. McMichael, Deputy-Director and
Curator of Molluscs at the Australian Museum,
has resigned to become Director of the Australian
Conservation Foundation. He will take up his
new duties in October. Dr McMichael joined the
stafl of the Museum in 1948 as a science trainee in
malacology. He studied at Svdney University and,
later, at Harvard University. where he obtained his
Ph.D. He was Assistant Curator of Molluscs under
Joyce Allan and, after her retirement, became
Curator in 1957. He was appointed Deputy-
Director last February.
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BOOK REVIEW

THE COLLECTION AND PRESERVATION OF

INSECTS. K. R. Norris. Handbook No. 1,
Australian Entomological Society, University of
Queensland, Brisbane. 34 pp.. 8 figs. 1966.

Price, $1.00.

This small book describes briefly the more usual
time-tested methods used in assembling, preparing,
preserving, and caring for an insect collection.
Here the interested amateur and the professional
entomologist engaged in fields requiring collecting
as an adjunct to other studies will find described
methods which, in most cases, require relatively
little capital cutlay and which usually do not
require materials that are difficult for untrained
or unqualified persons to acquire and handle.
In fact, for the person who thinks I would like
to make an insect collection™ or “I must keep these
insect specimens for future reference™ but has
had no instruction in the matter, this booklet is a
good starting point in the search for information
on how best to set about it. The methods and
techniques included are usually easy and of general
application; with experience a collector may wish
to modify them to suit himself or his particular
interest but they are the basic. “traditional™ ones.
This is not to infer that they are in any way
unsatisfactorily ""old-fashioned™: in any case, if a
method is “old fashioned™ but still in use it usually
means that it is good enough to have stood the
practical tests of time. Collecting. trapping, and
transporting specimens are subjects dealt with in
adequate detail. Dry and wet preservation methods
are described and a brief section is included on
each of the subjects of microscope slide preparation
and field preservation of material to be used for
chromosome studies. An appendix indicates the
usual methods of preserving specimens of each order
of insects, The short list of references will be a
lead for those wishing to look up more detailed or
more specialized techniques,

Much energy and time are spent by collectors,
especially in their first enthusiastic efforts; quite
often these efforts, although satisfving initially,
are found to be largely wasted because of faulty
techniques due to ignorance. In some cases
attention to a detail would have made the difference
between a useless specimen and a worthwhile
contribution to knowledge. This can be avoided
simply by knowing the correct basic technique and
requirements before setting out. These are des-
cribed in this booklet.

The Australian Entomological Society is a voung
society and it is to be congratulated for setting off
on the right road with this, its first, publication
attending to first things first, namely, to instruction
on the making of an insect collection. It is to be
hoped that in the future it will provide the more
advanced works which will be needed by those
who make use of its first publication wisely and
vell.—C. N. Smirhers.
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