




















































































































Top, the position of the southern continents
in Gondwanaland about 135 million years ago.

Middle, the southern continents about 60
million years ago, after the opening of the Atlan-
tic and Indian Oceans.

Bottom, Australia and Antarctica about 45

million years ago, showing a narrow land connec-
tion between the two continents.
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Worldwide flooding

At the time of maximum continental move-
ment flooding on a world wide scale may have
occurred in lowlands, causing mass extinction
of plant species. When the flood waters
dispersed recolonisation and adaptation would
occur. Indeed there was a great spread of in-
land seas in the Australian region.

The effects of continental rifting would be
gradual, but quite profound, with the first stage
little more than a major extension of coastline
as is the case with the Red Sea. However,
with widening of the rift, continental climates
would be moderated and changes in oceanic
circulation could lead to general changes in
climate. Climatic changes would also occur
where a drifting block moved through different
climatic zones. These processes would ob-
viously result in massive changes in plant
habitats and in adaptation, extinction and/or
migration.

Similarly, collision between continental
plates would evoke a gradual rather than an
abrupt biological response. Ecologically,
marine habitats would be destroyed and new
upland or alpine habitats created, again leading
to extinctions and adaptation and colonisation
respectively. Exchange between the ap-
proaching floras would commence with col-
onisation by the more highly dispersible
groups of plants while the blocks were still well
apart. Competition and adaptation would occur
progressively even before contact, so that a
massive ‘invasion’ of one group of plants into
the area of another might be unlikely to occur
as a single event. Upon actual contact, a
filtered migration along a corridor might occur,
followed by general exchange across a broad
front when contact became extensive. Given
the time periods involved, competition could
remain high throughout a collision event.

The question of the origin of the flowering
plants is still unresolved, but there is no doubt
that they achieved a wide distribution before
the rifting of the supercontinents. Ancient
fossil records suggest that they originated in
western or northern Gondwanaland about 130
my ago, and reached Australia about 5 million
years later. This original Gondwanan flora of
Australia was therefore derived from immigra-
tion over broad fronts and probably showed a
wide range of ecological adaptation from sub-
tropical to moist temperate conditions. The
ancestral Australian flora of 50 my ago existed
under generally warm, moist conditions and
consisted of continuous, structurally uniform,
closed forest which included the southern
beech, Nothofagus, and other plants refer-
rable to Araucaria, Podocarpus, Dacrydium,
Anacolosa, Cupanieae, Myrtaceae, Nipa and
several Proteaceae.

The evolutionary history of the Australian
flora has subsequently been one of differentia-
tion from the original Gondwanan stock. The
process occurred under conditions of increas-

ing geographical isolation from the time of
Australia's separation from Antarctica until its
contact with the Sunda plate. There were pro-
gressive climatic changes, involving decreas-
ing mean temperatures, increasing intensity of
oceanic circulation and of atmospheric circula-
tion, regional decreasing precipitation and in-
creasing seasonality, which resulted in an in-
crease in the level of habitat differentiation.
The earlier pan-Australian flora therefore
underwent differentiation into a spectrum of
ecological associations.

The Australian element of the continent's
flora emerges as a derived one rather than an
ancient one. It simply comprises those com-
ponents of the flora which have undergone
considerable evolutionary change, under con-
ditions of geographic isolation, to produce
typically Australian plant groups with high
levels of endemism. The so-called In-
domalayan and Antarctic elements are now
seen as comprising, at least in part, the
present-day survivors of the Gondwanan flora.

Two vegetation types

The major floristic composition of the
Australian vegetation was laid down over 30
my ago. It is Gondwanan in origin. It exists to-
day as two components with a relatively strong
ecological differentiation. One is the relictual
component, consisting of plant groups confin-
ed to moist habitats (usually closed forests),
showing little evolutionary diversification and a
residual affinity with the floras of similar
habitats in the other southern lands.

The other is the derived Australian compo-
nent, predominantly temperate and arid-
adapted, showing massive evolutionary diver-
sification from the more unstable of the
ancestral Gondawanan stocks and characteris-
ed by scleromorphy and high endemism.

The most striking aspect of the Australian
sub-element is its scleromorphy. This has
been described in the Flora Special Issue of
Australian Natural History, by Karen Wilson,
Many of the major groups of indigenous plants
are characterised by relatively small, rigid
leaves, short internodes and by small plant
size. There is a strong representation of such
types in Australian Myrtaceae, Proteaceae,
Rutaceae, Epacridaceae, Mimosaceae,
Fabaceae and Goodeniaceae.

It was generally assumed by earlier
botanists that scleromorphy in the Australian
flora represented adaptive responses to an in-
crease in aridity, and in particular to the advent
of mediterranean climate. More recently it has
been identified as an evolutionary response to
nutrient deficiency. Conditions favouring the
evolution of scleromorphy probably developed
over the last 40 million years as soils of this an-
cient land surface became leached of their
nutrients. Scleromorphy has evolved in all
situations, even in the tropics and is therefore
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not simply a result of the inception of mediter-
ranean climates in temperate Australia about
25 my ago, even though scleromorphic plants
are commonly found today growing under
such conditions.

Our best-known member of the in-
digenous flora is of course Eucalyptus. While it
is undoubtedly of ancient Australian origin, the
genus does not appear in the known fossil
record until about 35 my ago, and it
presumably evolved while the Australian ele-
ment was differentiating in seasonal, relatively
dry, cooling climates. Our other well-known
Australian, Acacia, also has a shadowy past,
but probably arrived and differentiated under
warm moist conditions. This genus occurs in
all habitats from tropical rainforest to arid
shrubland, but has achieved its greatest
species diversity in the scleromorphic com-
munities in semi-arid habitats.

Intruders from the north

The final major event in the history of the
Australian flora was the collision, about 15 my
ago, of the Australian plate with the Sunda and
Pacific arc systems. The Sunda arc system,
commonly called Sundaland is equivalent to
the present Indonesian region. The collision
brought together two rich floras which, until
then, had been isolated from substantial direct
exchange for a considerable period of time.

The so-called Australian element in the
Sundaland region is highlighted by a few
species in genera such as Casuarina,
Araucaria, Banksia, Grevillea, Acacia and
Eucalyptus. However few of the Australian
groups penetrating Sundaland have extended
into south-east Asia or beyond, presumably
owing to the richness and stability of the nor-
thern hemisphere flora, and to the general lack
of nutrient-deficient soils, to which much of the
Australian flora is adapted.

Migration in the reverse direction has been
more significant. New Guinea has been col-
onised predominantly from the Malaysian
region following its elevation above sea level.
Secondary exchanges from New Guinea and
direct immigration from Sundaland, have con-
tributed a significant component of the
Australian flora, especially in tropical
ecosystems. This is reflected in the low fre-
quency of endemic genera in Australia’s
tropical zone (14 per cent) compared with that
of the temperate zone (46.6 per cent).

A high proportion of the non-endemic In-
domalyan plant groups in the tropical zone
have only one or few species in Australia, and
this can be explained as a result of relatively
recent immigration into a botanically rich
region in which diversification has been
restricted by competition.

The elevation of mountain systems bet-
ween Malaya and New Guinea has probably
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The family Ranunculaceae is found
worldwide but is most common in the cold and
temperate regions of both hemispheres. Ranun-
culus anemoneus, has a very restricted distribu-
tion, being only known from the alpine and
subalpine tracts of the Kosciusko area. Ranun-
culus species more commonly have yellow
petals.

Right, about 80 percent of the world’s
species of Acacia are found in Australia. Most of
the Australian species have modified leaves
(phyllodes) rather than the bipinnate leaves
found in overseas species. Acacia myrtifolia Is
widespread in southern Australia.

Photos C. Totterdell.

provided a dispersal route for cool temperate
plants, and this dispersal route may have ex-
tended through eastern Australia. Long-
distance dispersal between isolated highland
regions has almost certainly been involved, as
the Indomalyan lowlands have possibly remain-
ed continuously warm and humid. A number of
typically north-temperate genera may have
been dispersed to the Australian region by this
route and some have apparently undergone
new radiations, especially in the New Guinea
highlands. Genera in Australia which may have
had this history include Veronica, Euphrasia,
Poa, Stellaria, Ranunculus, Ajuga, Viola and
some Apiaceae.
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The Australian flora emerges as an
amalgam of plants with diverse histories and
potentials. It includes plant groups whose
ancestors have been in Australia since the
dawn of the age of flowering plants as well as a
variety of recent colonisers. Some have only
just established a foothold in Australia, while
others have diversified at the expense of
previous inhabitants.

Arid zone and its flora

Annually or seasonally arid lands make up
more than half of Australia’s area. It is clear,
however, that these extensive dry regions
were not present throughout the time that
Australia’s flora was evolving.

According to J. M. Bowler, the present ex-
pression of aridity dates from events which
began about 20 my ago, as Australia drifted in-
to lower latitudes. This drift was associated
with intensification of weather systems and
climatic gradients from pole to equator. Arid
cycles overtook Australia from the south,
building up in intensity and frequency aimost to
the present day.

This explains why even the Australian
deserts have unique features in their floras.
They have evolved in isolation from other
world deserts, and are lacking, for example,
strong representation of succulents such as
cacti or of members of the Euphorbiaceae. Ina
floristic analysis, N.T. Burbidge recorded 363
genera of seed plants in the eremean flora, of
which 102 were endemic to it. Of the re-
mainder, 91 genera were also represented in
temperate Australia and 81 genera in the adja-
cent lowland tropics. The cosmopolitan ele-
ment was represented by 89 genera which
were further distributed throughout all regions
of Australia.

The Australian arid zone flora is a young
flora, which arose only after extensive arid
conditions were established in relatively re-
cent geological time. It was therefore derived
by selection from the pre-existing, highly
adapted, total Australian flora.

Plants with tropical lowland characteristics
dominate in the northern part of the arid zone
and plants apparently derived from the
Australian temperate zone dominate in the
southern part. The main dificulty has been in
the explanation of the cosmopolitan types, in-
cluding endemic genera in families such as
Poaceae, Chenopodiaceae, Brassicaceae,
Aizoaceae and Asteraceae, which are among
the main constituents of the vegetation of all of
the major world deserts. How did these col-
onisers cross extensive areas of unsuitable
and fully occupied territory to become
established in the young Australian arid zone?

The solution to the problem has generally
been found in the fact that these cosmopolitan
families and genera are also well represented
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Hummock grasses dominate much of
Australia’s arid zone. Only a few species of
eucalypts are found there, such as Eucalyptus
gamophylla, seen here on the red sand plains
south-west of Alice Springs. Photo Karen Wilson.

Woolisia pungens is a common sight on the
NSW coast and adjoining ranges. It is a member
of the family Epacridaceae which is characteris-
ed by the generally small pungent-pointed leaves
with longitudinal or parallel venation. Photo C.
Totterdell.

Scleromorphy is common in Australian
species. A common feature is the small tough
leaves as seen in this Melaleuca wilsonii.

Photo J. M. Baldwin.

in coastal habitats, where salinity and soil type
may impose physiological conditions similar to
those of deserts. Colonisation of the deserts
by such groups may therefore have occurred
from coastal habitats, especially in places
where the arid zone extends to the coast.

The Australian flora of today tells the story
of 100 million years of history of Australia as a
southern land mass. Today it is an integrated
flora, combining derivatives of the first
angiosperm colonisers, persisting in habitats
like those of the remote past, together with the
distinctive, highly modified stocks of our open
habitats and our deserts, with the relatively re-
cent immigrants over the Indo-malayan land
connection, and finally, in the last moments of
the story, with the exotics introduced by man
himself.

AUSTRALIAN NATURAL HISTORY



AUSTRATTARS
NATURAL HISTORY

THE WORLD OF
AUSTRALIAN NATURAL HISTORY

No. 1 Love Temples of the Bowerbirds. A look into the life of
one of Australia’s most fascinating birds. Issue also includes
the Secrets of Insect Survival by Densey Clyne.

No. 2 A special issue on Tasmania. The issue covers the
history of the Tasmanian Aboriginals, the island’s discovery
by the Dutch, the many islands surrounding Tasmania and
their inhabitants, Tasmania’s geology, marine life, plants
and animals, as well as its forests. Everything from the
Tasmanian Mountain Shrimp to the Tasmanian Tiger.

No. 3 Mangroves — their importance in the food chain, the
effects of pollution and the need for their conservation. Also
all you wanted to know about diamonds, and Birds in My
Garden by Densey Clyne.

No. 4 Australian heaths — the variety of plants, effects of
fire, the animals they house and the conservation measures
needed to preserve them. Also Butterflies and Evolution and
the Koala.

Back issues are still available
for $2.75 each plus a $1.00 service charge (covers postage and handling).
Fill in the subscription form provided in the front of the magazine specifying the issue of interest.
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