


Living Australia

Although the major features of the evolution of life have shaped the flora and fauna
on whichever continent one explores, each has its own peculiarities. These are
largely because of differences in each continent’s tectonic and climatic history,
coupled with the timing of evolutionary events. So, in its own way, each continent
is unique. But of all the continents, Australia is special, at least in part because of
its recent relative isolation from other large continental masses—an isolation that is

only now coming to an end. The changing biosphere has also had a profound effect
on the atmosphere, hydrosphere and lithosphere.
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Figure 3.1: Map of Australia, showing the localities mentioned in the text.
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Life in Australia

Life has had a profound effect on our planet and
on Australia. It has changed the composition of the
atmosphere, of the oceans, and of the sediments
laid down on the deep ocean floor, on continental
shelves, in lakes and on floodplains. In so doing, it
has dramatically altered the historical trajectory of
this continent by giving rise to three of our most
important and valuable mineral resources (coal, gas
and iron ore), which have contributed enormously
to the economic wellbeing of this nation over the

past century or so.

In turn, the geological history of the continent has
had an effect on the life that inhabits it. We have a
Gondwanan legacy, but the partial isolation of the
continent from others over most of the Cenozoic
has allowed the evolution of a flora and fauna that
are largely unique. The idea of a long-sustained
isolation of an Australian landmass is coming
under increasing challenge from molecular
phylogenetic studies. These, combined with an
increased understanding of the geology of the
oceans surrounding Australia and the potential of
small landmasses to offer stepping stones for biotic
interchange, suggest that the isolation of Australia
was less complete than once believed. However,
even if limited, this isolation also delayed the
arrival of humans until much later than for the
islands to our northwest. The drift of the continent
northwards towards the tropics, coupled with the
development of the Pleistocene ice age, led to the
continent drying out, so that it is now by far the
driest inhabited continent (Chapter 5). Adaptation

to this aridity is a distinctive feature of the flora and
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fauna, and may have in part mandated a nomadic
existence for the first human inhabitants of the
continent; however, in the temperate southeast,

there is some evidence for seasonal settlements.

The beginning

The origin of life on the planet is shrouded in
mystery and lacking in fossils. However, there is
considerable evidence from meteorites that organic
molecules may be quite common throughout the
solar system. In September 1969, a rare form of
meteorite, a carbonaceous chondrite, landed near
the town of Murchison in Victoria. This meteorite
was found to contain many organic molecules,
including amino acids, which are the building
blocks of protein, of which most organisms
are largely made. Chondrites are considered to
represent material from the asteroid belt, and those
that have been dated radiometrically are about

4550 Ma.

Although fossils are rare in very old rocks, Australia
has large areas of relatively undeformed crust. It
is on one of these (the Pilbara Craton) that the
oldest known possible fossils are found. These are
stromatolites from the Strelley Pool Formation,
near Marble Bar, Western Australia (Figures 3.1
and 3.2) and are approximately 3500 Ma in age.
However, it is possible, but unlikely, that they are
simply chemical precipitates. Younger (3430 Ma)
examples from the same area are more convincingly
biogenic (Figure 3.2). The oldest stromatolites of
confirmed microbial origin are from the Tumbiana
Formation, also in the Pilbara, which are 2700 Ma

in age.

Stromatolites are layered structures formed in
shallow water by the trapping and cementation of
sedimentary grains by films of microorganisms,
especially mats of photosynthetic cyanobacteria.
Stromatolites may be conical, stratiform,
branching, domal or columnar in shape. They
are a major constituent of the fossil record for the
Late Archean and most of the Proterozoic eons.
They peaked in abundance about 1200 Ma, and
then declined in importance and diversity. The
most probable explanation for their decline is
decimation by grazing organisms, implying that
reasonably complex multicellular animals existed
by about 1000 Ma. The best modern examples
of stromatolites can be found in intertidal
environments of Hamelin Pool, a hypersaline arm

of Shark Bay, Western Australia (Figure 3.2).

These Pilbara stromatolite fossils set a minimum
age limit for the origin of life on Earth. Some
chronological analyses of divergence in DNA and
protein sequences (yielding a ‘molecular clock’)
suggest that life arose about 4200 Ma. However,
such clocks need to be calibrated against the fossil
record and, where the fossil record is sparse, as in
the Archean, calibration is difficult at best. Tt is
most likely that life had appeared on Earth at least
by the Paleoarchean (3600 Ma).

Some hydrocarbon molecules are restricted in
their modern occurrence to particular types of
organisms, and these molecules (‘biomarkers’)
can be found in trace amounts in some rocks.
Application of this method indicates that all three
domains of life (Bacteria, Archaea and Eukarya)
were in existence by the Neoarchean (2800 Ma) or
Paleoproterozoic (2500 Ma).
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Modern Cyanobacteria, Lyngbya sp. Each filament
is about 20 pm in width. (Sources: Rolf Schauder,
University of Frankfurt; Mark Schneegurt,

Wichita State University; and Cyanosite:
www-cyanosite.bio.purdue.edu)

(Top image) © Getty Images [P Siver]

Figure 3.2: Ancient and modern stromatolites. (a) Intertidal

stromatolites in Hamelin Pool, Shark Bay, Western Australia.
(b) Underwater view of stromatolites with jellyfish, Shark Bay,
Western Australia, a scene probably similar to that of 600 Ma.
(Image courtesy of Martin van Kranendonk, Geological Survey
of Western Australia). (c) Baicalia burra, probably from the
Kanpa Formation, near Lake Throssell, Western Australia.
(Source: Kath Grey, Geological Survey of Western Australia)
(d) Small, conical, probable stromatolites (ca 3500 Ma),
Strelley Pool Formation, near Marble Bar, Western Australia.
(Image courtesy of Martin van Kranendonk, Geological Survey
of Western Australia).

Oxygenic  photosynthesis commenced — with
the evolution of the precursors of modern
cyanobacteria, perhaps during the Mesoarchean or
Neoarchean (ca 2800 Ma). This process converts
carbon dioxide into organic compounds (mostly
sugars) using sunlight as an energy source, and
releases oxygen as a waste product. Photosynthesis

changed the atmosphere forever.

Before oxygenic photosynthesis evolved, there was
very little or no free oxygen in the atmosphere or
the ocean. However, the oxygen initially produced
in the ocean by these photosynthesisers would
have been removed almost immediately by the
oxidising of reduced compounds, especially those
of iron and sulfur dissolved in the ocean. This

oxidation (the ‘mass rusting’) led to the deposition
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of huge thicknesses of iron-rich rocks (banded
iron-formations) in sedimentary basins throughout
the world. The wide continental shelves that
developed on the Pilbara Craton (Figure 3.1) in
the Neoarchean (2800-2500 Ma) provided sites
for deposition of the enormous volumes of iron

ore in the overlying Hamersley Basin (Chapter 9).

By about the end of the Archean, free oxygen
began to accumulate in the atmosphere and ocean.
This event, called the Great Oxygenation Event
(Figure 3.3), would have restricted anaerobic
microbes to isolated environments away from the
deadly oxygen. The Great Oxygenation Event
changed the prospects for life profoundly, because
aerobic metabolism is considerably more efficient
than anaerobic pathways. The presence of oxygen
created new possibilities for life to explore. An
atmospheric oxygen concentration of about 2% is
required for the formation of compounds such as
collagens, which are employed by all multicellular
animals to provide structure to their cellular
makeup and connective tissue to complex organ
systems. Without free oxygen in the atmosphere,

complex animal life would have been impossible.

Complexity and cooperation

Eukaryotes (ancestors of ‘protists—plants, animals
and fungi) differ from Bacteria and Archaea in
that their cells have a membrane-bound nucleus,
among other distinctive characteristics. Most also
contain other organelles such as mitochondria and
chloroplasts. The rise of the eukaryotes allowed
the development of predation, adding a level of
complexity to ecosystems that was not previously

possible. It also allowed the development of sexual
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reproduction, which increased the variation upon
which natural selection could operate. Sexual
reproduction is also more efficient at removing
deleterious mutations from the population and

provides a mechanism for repair of damaged DNA.

It is unclear when the first eukaryotes appeared,
but the oldest fossils suspected to be eukaryotes
are the probable multicellular algae (Grypania)
which come from rocks about 2100 Ma. There is
some debate about these fossils because they show
very little structure, leading some researchers to
consider that they are simply bacterial colonies.

However, their size and regular spiral shape suggest

Time (1000 Ma)

Figure 3.3: Relationship between geological time, atmospheric
oxygen concentration and appearance of some life forms.

(Source: modified from Fliick et al., 2007)
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Figure 3.4: Ediacaran acritarchs. (a) Tanarium paucispinosum,
Wilari Dolomite, Observatory Hill 1 well, Officer Basin, South
Australia. (b) Taedigerasphaera lappacea, lower Ungoolya
Group, Observatory Hill T well, Officer Basin, South Australia.
(c) Gyalosphaeridium multispinulosum, Munta 1 well, Officer
Basin, South Australia. (d) Tanarium pycnacanthum, Tanana
Formation, Munta 1 well, Officer Basin, South Australia.
(Source: Kath Grey, Geological Survey of Western Australia)

that they are more likely to be eukaryotes. Recently

discovered organic-walled microfossils in 3200 Ma
rocks in South Africa have been interpreted as either
Eukaryota or colonial Cyanobacteria. Large and
complex microfossils from 3000 Ma and possibly
even 3400 Ma rocks from the Pilbara Craton in
Western Australia might also be eukaryotes. If they
are eukaryotes, then surprisingly, they predate the

Great Oxygenation Event by hundreds of millions

of years and are much older than the oldest certain
eukaryotes. The latter are acritarchs (Figure 3.4)
from rocks of about 1800 Ma in China. Acritarchs
are small (10-250 pm), organic-walled, acid-
insoluble microfossils of uncertain origin and are
particularly well represented in the Ediacaran of
Australia (Figure 3.4). However, most of them
probably represent the resting cysts of some types
of marine algae. They are known in the fossil record
from the Mesoarchean and are most abundant in
the Proterozoic and Paleozoic. They suffered a
significant extinction during the Neoproterozoic

glaciations, but quickly diversified thereafter.

Multicellularity arose independently in at least
17 groups of eukaryotes, and in some cases
numerous times within the same group. It also
arose in several groups of Bacteria, including
Cyanobacteria, as well as in some Archaea. Even
though most of the organisms on Earth are still
unicellular, if all of the multicellular eukaryotes
suddenly disappeared, to the naked eye the planet

would look almost as barren as Mars.

It is most likely that multicellularity began simply
as a symbiotic association of several cells of the
same species; such associations have been seen
in many modern organisms. Multicellularity
allows organisms to increase in size beyond the
limits imposed by a single cell; this gives them a
greater ability to survive predation, as almost all
single-celled predators consume by engulfing,
and it is difficult to engulf something much
larger than oneself. In addition, multicellularity
gives organisms a greater ability to survive

environmental change by producing a regulated
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internal environment; it also allows them to have
increased mobility and permits the groups of cells

to communicate.

Multicellularity allows individual cells in the
organism to specialise, thereby becoming more
efficient at the tasks required for life. It is likely
that cell differentiation appeared fairly early in the
evolution of multicellularity, because some of the
simplest modern multicellular organisms show
such differentiation, usually into somatic and germ
(reproductive) cells. Multicellularity also facilitates
sexual reproduction, and itallowed the evolution of
development from the fertilised egg to the mature
individual. In this way, multicellularity permitted
a huge increase in the possible complexity of

individual organisms.

Working out when the first multicellular organisms
evolved is very difficult, because it is likely that
most would have left no fossil record. As noted
above, multicellularity arose in numerous lineages
at many different times until quite recently. An
example of the most recent such event is the
evolution of multicellularity in some freshwater
algae, which probably happened only in the last
50 Myr.

The rise of animals

Not all animals are multicellular, but all
multicellular animals are referred to the Metazoa,
and it seems that true multicellularity evolved
only once in the animals. The oldest convincing
metazoan fossils are found in rocks from the
Ediacaran, although there are some possible

examples from the Cryogenian (cz 750 Ma).

Living Australia

These organisms subsequently diversified, and

their fossils are found in many places around the
world in rocks from the latter half of the Ediacaran

(Figure 3.5).

The actual timing of the evolution of metazoans is
problematic, with body fossils possibly indicating
a middle Cryogenian age (cz 750 Ma), and some
trace fossils in rocks from the Stirling Ranges,
Western Australia (Figure 3.1), dated at more
than 1200 Ma—the latter being consistent with
molecular sequence divergence dates of Ectasian
to Stenian (cz 1200 Ma). It is possible that the

Figure 3.5: Ediacaran fossils from the Flinders Ranges,
South Australia. (a) Spriggina floundersi. (b) Dickinsonia
costata. (c) Parvancorina minchami. (Source: ] Gehling,

South Australian Museum)
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first metazoans were sponge-like organisms and
that they evolved from the free-living or colonial
single-celled choanoflagellates, as these organisms
bear a striking similarity to the choanocyte cells
of sponges. In sponges, choanocytes are the cells
that cooperatively move their flagella to create the
feeding and respiratory currents that flow through
the sponge’s pores. However, recent molecular
data indicate that the Placozoa, a small metazoan
group having a very simple body plan, may have
preceded the sponges.

Late in the Proterozoic (Cryogenian), two major
glaciations overtook Earth. These are named the
Sturtian and Marinoan glaciations, after rock
successions in the Flinders Ranges in South
Australia (Figure 3.1) where the glacial sediments
are well preserved. Their cause is unknown, but
the excessive burial of organic matter because of
the particular tectonic conditions of the time is
one possibility. Some researchers have suggested
that these glacial events may have been so
extensive that ice covered the entire planet (the
Snowball Earth hypothesis); this would have had a
devastating effect on the biota. However, although
there was a significant decrease in diversity of
acritarchs, there is little evidence that the biota
suffered to any great degree, so the more extreme
interpretations of the extent of these glaciations
must be considered unlikely. They were, however,
quite severe. This is indicated by the fact that the
extensive glacial deposits in the Flinders Ranges
were, at the time of their deposition, less than

10 degrees from the equator.

While their relationships are still debated, the
first widespread fossils of multicellular animals are
found late in the Ediacaran (cz 600 Ma). These

fossils, first found in large numbers in the Flinders
Ranges (Figure 3.1), are an enigmatic group of
organisms of discoidal, tubular, frond-like or
bag-like forms (Figure 3.5). Up to 100 genera have
been found in rocks of this age on most continents,
and they range in size from a few millimetres to a
couple of metres in length. It has been suggested
that some of these organisms represent jellyfish,
sponges, worms, early arthropods, sea pens and
even chordates. However, although it is clear that
there are sponges, jellyfish and possibly annelid
worms in the fauna, the relationship of some of the
other species to modern phyla has been shown to
be unlikely. At best, their relationships to modern
animals are obscure, and it has even been proposed
that they represent a ‘failed experiment in
multicellular life, very distantly related to modern

phyla and now completely extinct.

The Cambrian explosion

The Cambrian explosion is perhaps the single most
dramatic event documented in the fossil record.
Milestone evolutionary innovations associated with
this bioevent include the evolution of most new
(mainly bilaterian) animal body plans (recognised
today as distinct phyla), the development of
true eyes, the advent of biomineralised hard
parts, increased ecological complexity and the
development of the first animal reef builders.
Significantly, these major evolutionary changes
are broadly coincident with perhaps the most
extreme shifts in ocean chemistry recorded during

geological time.

The Cambrian explosion thus heralds more than
just the rise of skeletons—it heralds the emergence

and rapid diversification of bilaterian animals,

which today make up more than 99% of all living
animals. Although the relationships of living
animal clades can be reconciled using molecular
phylogenetics, and the timing of important lineage
splits can be estimated using increasingly accurate
molecular clocks, the fact remains that the fossil
record provides the most direct means of accessing
important macroevolutionary data from the archive
of the Cambrian explosion. This includes detailed
investigation of both exceptionally preserved soft-
bodied assemblages, as well as the more commonly

preserved shelly faunas.

The lower Cambrian (542-510 Ma) succession
of sedimentary rocks exposed in the Flinders
Ranges of South Australia represents perhaps the
most complete time capsule of Earth’s biosphere
during the momentous events associated with the
Cambrian explosion. These rocks have yielded
abundant, diverse and superbly preserved lower
Cambrian marine fossils, indicating that tropically
situated South Australia was a global hotspot of

biotic diversity during the Cambrian explosion

(Box 3.1).

By the middle Cambrian (510-501 Ma), the
ocean teemed with animal life, and many modern
phyla were already in existence. The trigger for the
Cambrian explosion is still obscure, and probably
multifaceted; increased atmospheric oxygen,
development of new genetic and developmental
pathways and increased ecological complexity
all probably played a role. The acquisition of
numerous, diverse shells across a wide spectrum
of largely unrelated animal groups was seemingly
protective in nature, and probably in response to

escalating macroscopic predation.
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o0 THE CAMBRIAN EXPLOSION gox s

By the middle 1800s, geologists in England realised
that there appeared to be an abrupt appearance of
fossils in rocks of early Cambrian age. At the time,
there were few records of possible fossils in older
rocks, and the appearance of the Cambrian fauna
with no apparent antecedents led Charles Darwin
to realise that this could be used as an objection
to his theory of evolution by natural selection.
Since that time, many macroscopic fossils (mostly
sponge and cnidarian grade) have been found
in pre-Cambrian rocks. The early Cambrian
saw the emergence and rapid diversification
of more complex bilaterian grade animals that
ultimately evolved into the diagnostic anatomical
designs recognised today as major phyla. This
Cambrian explosion of life also coincides with the
development of the first animals with eyes, rapid
movement, efficient burrowing and predatory life
habits—in essence the development of complex
ecological systems. Many easily recognised forms
are represented, including brachiopods, trilobites
and other arthropods, molluscs, priapulids,
nematomorphs, lobopodians, echinoderms and
chordates. However, the earliest skeletal remains
in the early Cambrian are often represented by
tiny mineralised plates, tubes and spines that
are simply termed ‘small shelly fossils’. Some of
these represent the shells of complete miniature
animals such as molluscs, but many others are
elements from composite exoskeletons that were
prone to disarticulation after death. The superbly
preserved fossils from the lower Cambrian rocks
of South Australia are allowing detailed study and
clarification of the relationships of some of these
odd little fossils, and some have proved to be early
members of modern phyla.

Figure B3.1: Scanning electron micrographs of some small

shelly fossils from the lower Cambrian of South Australia.
(a) Stoibostrombus crenulatus. (b) Lobopodian plate referred
to Microdictyon sp. (c) Spine of the bradoriid arthropod
Mongolitubulus sp. (d) The tommotiid Micrina etheridgei.

(e) The camenellan tommotiid Dailyatia ajax.
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Figure 3.6: Fossils from the Emu Bay Shale, Kangaroo Island, South Australia. (a) Bivalved arthropod Tuzoia australis. (b) Grasping appendage

of arthropod predator Anomalocaris briggsi. (c) Possible nematomorph Palaeoscolex sp. overlying two specimens of the small trilobite
Estaingia bilobata. (d) Large trilobite Redlichia takooensis. (e) Arthropod Emucaris fava. (Source: John Paterson, University of New England)

One of the peculiarities of the Cambrian fossil
record is the unusually large number of sites
preserving soft tissues of organisms. The most
famous is the legendary Burgess Shale in Canada,
but there are similar localities in various parts of the
world, including China (Chengjiang), Greenland
(Sirius Passet) and Kangaroo Island in South
Australia (Figure 3.1). This last occurrence has
been known for many years, but it has only recently
been the subject of intensive excavation and study.
The fauna includes several species of trilobite,
numerous soft-shelled arthropods (some with
eyes and antennae preserved), sponges, assorted
‘worms’, rare brachiopods and molluscs, and other

strange, problematic animals (Figure 3.6).

The extraordinary biological events associated
with the Cambrian explosion were largely played
out in the oceans—there is relatively little evidence
of complex life occupying the exposed Cambrian
continents. However, the events that eventually
changed the face of the Australian continent
started some time before the Cambrian, with the
first venture onto land by cyanobacteria, algae,

fungi and lichen.
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Invading the land

There is some evidence for cyanobacteria-
dominated mats developing on soil surfaces as
long ago as the Neoarchean (cz 2650 Ma), and
these would almost certainly have been limited to
areas adjacent to bodies of water. It is possible that
cyanobacterial mats occurred in drier conditions,
as desert crusts do today all over central Australia,
but there is little evidence to support this because
traces of these environments are rarely preserved
in the geological record. The cyanobacteria in
these mats were probably the only terrestrial
organisms during the later Archean and most of
the Proterozoic. However, carbon-isotopic studies
indicate that, by the Cryogenian (cz 850 Ma),
there was an extensive photosynthetic land flora.
This may have consisted of lichens (symbiotic
associations of algae and fungi) and free algae. It
is also possible that free-living fungi had begun to

inhabit the land at this time.

In the early Middle Ordovician (cz 470 Ma), the
first land plant spores appear, indicating that the
land was at least partly covered by liverwort-grade
non-vascular plants. In Australia, the earliest
known occurrence of land plant spores comes
from the Caribuddy Formation in the Canning
Basin of Western Australia. There, trilete spores
held in tetrads are typical of those from a range of
sites in the Northern Hemisphere and indicate a
Late Ordovician to earliest Silurian age. Recently,
fossil liverworts have been reported from the
Lower Ordovician in Argentina. These early spore-
producing plants were probably rapid colonisers,
with some tolerance to drying out, but were

confined to habitats that were periodically damp.

Living Australia

This covering of the land by non-vascular plants
persisted until the Late Ordovician (ca 455 Ma),
when spores of the type characteristic of early
vascular plants first appeared. However, it is
not until much later, in the middle Silurian
(ca 425 Ma), that the first macrofossils of vascular
plants are found. By the end of the Silurian,
vascular plants were quite diverse and were many
centimetres in height. The clubmoss Baragwanathia
longifolia from the late Silurian of Yea, Victoria, is
a prime example (Figure 3.7). Individual stems of
Baragwanathia may reach 5 cm in diameter and
2 m in length. The stems are clothed in loose
spirals of simple spine-like leaves. They probably
inhabited delta wetlands where they were prone to
being washed out to sea during flood events and

preserved alongside marine organisms.

It is likely that some arthropods and molluscs from
the Early Ordovician (cz 480 Ma) occasionally
ventured onto land, but they spent most of their
time in the water. There are, however, fossil
burrows of Late Ordovician age, which have been

interpreted as those of millipedes.

The presence of coprolite-like masses of
cryptospores in Ordovician terrestrial sediments
from Scandinavia (then also in equatorial latitudes)
also suggests that at least some animals were
exploiting the new liverwort-grade vegetation as a
food source. However, it was only in the middle
Silurian that the first arthropods with the ability
to breathe air appear in the fossil record. These
include herbivorous millipedes, and predatory
centipedes and trigonotarbids (extinct spider-like
animals) that indicate that a multitiered food web

was already in existence.

Late in the Ordovician, Gondwana drifted over the
South Pole. It might have been this that triggered
the Andean—Saharan ice age, which lasted into the
early Silurian. This decrease in global temperature
has been suggested as a cause of the end-Ordovician
mass extinction, which is one of the ‘big five’
extinction events (Figure 3.8). This extinction saw

about half of all genera become extinct.

The rise of vertebrates

The oldest fossil fish-like animals are small, finned
creatures from the early Cambrian of China. In
Australia, shark-like scales indicate that fishes
having true bony structures had appeared by
the late Cambrian, these being the oldest record
of such fossils. By the Middle Ordovician, the
first jawless armoured fishes had evolved; by the
Silurian, fishes had diversified, and the first jawed
vertebrates (gnathostomes), represented by sharks
and armoured placoderms, had evolved. These
are largely represented in Australian Silurian
deposits by isolated scales and teeth. However,
by the start of the Devonian, there was a diverse
fauna of early jawed fishes, including large (4 m)
placoderms, small bony fishes ancestral to the
predominant modern ray-fins, and a wide range
of primitive marine lungfish. Australia has the
oldest fossil coelacanths and onychodontid
fishes, both primitive kinds of lobe-finned fishes
(sarcopterygians). Many superbly preserved fish
fossils have been recovered from Lower Devonian
(ca 405 Ma) limestones near Canberra. By the
Middle to Late Devonian (cz 385 Ma), fishes had
greatly diversified to inhabit both tropical marine

reefs and freshwater environments. The fish
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Figure 3.7: Baragwanathia longifolia from the Yea area, Victoria.

(a) Part of a mature stem with long leaves. (b) Tip of a mature
stem. (Source: White, 1986; photographs by Jim Frazier).

(c) Tip of a young stem. (Source: White, 1986; photographs
by Jim Frazier)

fauna from Mt Howitt, central Victoria, has an
abundance of lungfishes, the first to show clear
adaptations for air breathing. This seemingly
occurred in response to the depression of oxygen
levels in the ocean in the late Middle Devonian.
Perhaps the most significant collection of fossil
fish from the Late Devonian is that from the Gogo
Formation in the Canning Basin of northern
Western Australia (Box 3.2). After the extinction

near the end of the Devonian (Figure 3.8), the

world’s fish faunas would never be the same.
Placoderms and other archaic groups died out;
their place was taken by sharks and ray-finned
fishes, which today constitute some 99% of all

living fishes.

The first forests

Land plants continued to diversify rapidly during
the Early Devonian (cz 405 Ma) and, by the end

of the period, the landscape had been transformed.
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FISH FOSSILS FROM THE GOGO FORMATION,

CANNING BASIN WESTERN AUSTRALIA ®oxs.

The late Devonian fishes of the Gogo Formation,
Canning Basin, represent the world’s most
significant collection of fishes of this age, all
perfectly preserved in three dimensions and
many with preserved, mineralised soft tissues
such as muscle bundles, nerve cells and internal
organs. These fishes, along with a great diversity
of invertebrates such as crustaceans, early
ammonoids, gastropods, brachiopods, corals,
trilobites and echinoderms, all lived in and
around a great reef system built mostly of algae
and sponge-like stromatoporoids, which is so well
exposed in Windjana Gorge, Western Australia.

More than 50 fish species have been recorded,
about half of these being predatory arthrodires
or joint-necked placoderms, with the others
comprising boney fishes (Osteichthyes) such
as lungfishes (Dipnoi), early ray-finned fishes
(Actinopterygii), an onychodontid (Onychodus),
a tetrapodomorph (Gogonasus), and rare sharks
(Chondrichthyes) and acanthodians (an extinct
group of jawed spiny fishes). Gogo fishes have
in recent years been instrumental in resolving
major problems in early vertebrate evolution such
as elucidating the anatomical transformation of
fishes to land animals (tetrapods). Studies of Gogo
placoderms have shown that they possess true
teeth with pulp cavities, that they exhibit sexual
dimorphism in the pelvic fins, and that some
bore live young supported by maternal umbilical
structures. The origins of complex sexual
reproduction, with males internally fertilising
females by copulation, was first confirmed in our
ancestral line from these fossils.

Figure B3.2: (a) The skull of Cogonasus andrewsae, a lobe-finned fish from Gogo that bridges the gap between fishes and land animals.

(b) The bony armour of Mcnamaraspis kaprios, a placoderm fish from Gogo, which is today recognised as the official state fossil emblem
of Western Australia. (c) The skull of Onychodus jandemarrai, a predatory ‘dagger-toothed fish” that hunted among the reef crannies like a
modern moray eel.
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Figure 3.8: Extinction events in the Phanerozoic. This is a graph of proportion of generic extinction at a substage level against time.
The ‘big five’ extinction events are labelled. These occurred at the end of the Ordovician, in the Late Devonian, at the end of the Permian,
at the end of the Triassic and at the end of the Cretaceous. (Source: modified from Bambach, 2006)

At the beginning of the Devonian, there were
scattered  shrub-sized lycophytes and smaller
plants; by the end of the period, there were forests
containing tree-sized lycophytes, ferns, horsetails
and early seed plants. Plants are characterised by
an alternation of generations. That is, they have a
gametophyte stage of their life cycle, during which
the male and female gametes are produced, and a
sporophyte stage that grows from the fertilised egg
cell and, in turn, produces spores that germinate to
grow into the succeeding gametophyte generation.
The earliest land plants were essentially restricted
to moist habitats, since they required water for the
transfer of the male gametes to the egg cell. Simple
free-sporing plants such as mosses, lycophytes,
horsetails and ferns are still mostly restricted to

such wet habitats today.

During the Devonian, one plant lineage developed
two significant innovations—the dispersal of the
male gametophyte (in a desiccation-resistant waxy
coat that we call pollen), and the retention and
protection of the female gametophyte stage within
the tissues of the parent sporophyte to produce the
first seeds. These innovations influenced the future
development of life on the land, since they allowed
plants to liberate themselves from their dependence
on free water for reproduction and to colonise
drier inland and upland habitats that were mostly
barren previously. Animals followed the advance of
the vegetation, creating complex ecosystems that
now covered the entire land surface. This dramatic
change in the landscape is termed the Devonian
Transformation. Not only did this change the
appearance of the landscape, it also altered the style

of weathering, allowing chemical weathering to
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become relatively more important and deeper soils
to develop. This partly changed the composition
of sediments transported by rivers and deposited
in the ocean, in lakes and on floodplains. Thicker
soils and vegetation-stabilised soil surfaces even
changed the nature of river systems around the
globe, from a dominance of sandy, braided rivers to
one of mud-rich, meandering rivers. The growth of
so much plant material also led to its accumulation
and the generation of the first coals and non-marine

petroleum source rocks (Chapter 9).

As the vegetation changed during the Devonian, so
did the fauna. By late in the Devonian (cz 375 Ma),
there were numerous groups of arthropods living on
land. These included harvestmen, mites, centipedes,
millipedes, springtails, scorpions, pseudoscorpions,
spiders, isopods, insects and trigonotarbids. The
Middle Devonian also saw the evolution of the
first tetrapods from lobe-finned fishes. These early
tetrapods were probably fully aquatic animals, with
the limbs and digits more akin to paddles than legs,
and most likely unable to bear the weight of the
animal out of water. These limbs were probably an
adaptation to ambush predation in shallow water,
whereas the air breathing may have been a response

to oxygen-poor water (see below).

In the Late Devonian (cz 375 Ma), there was a
complex extinction, in which several closely spaced
events had a devastating effect on the marine fauna.
This is considered to have been caused partly by
the dramatic increase in land plants and the rapid
increase in nutrient-rich runoff, which may have led
to oceanic anoxia. Most marine organisms suffered

during this series of events, particularly reef-building

Living Australia

organisms, which were almost completely wiped
out. The large, magnificent Devonian reef complex
exposed in Windjana Gorge in Western Australia
(Figure 3.1) is a superb example of the structures that
suffered during this extinction event. Major reef-
building did not re-emerge for more than 100 Myr
with the evolution of modern types of corals. Land
plants and animals, including freshwater animals,
were only slightly affected by this extinction,

another indication that it was an oceanic event.

During the early part of the Carboniferous
(ca 340 Ma), the land flora was similar to that of
the Late Devonian, with existing groups of plants
continuing to diversify and the largest tending to
get larger. However, during the period, the first
cycads and conifers appeared. The huge increase in
the diversity, extent and density of plants in forests
during the Late Devonian and early Carboniferous

led to an increase in atmospheric oxygen and an

Image courtesy of Phil Playford

Devonian reef in cross-section,
Windjana Gorge,
Western Australia.
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enormous sequestration of carbon in the form of
coal deposits in the palacotropics (North America,
Europe and parts of Asia), such that by late in
the Carboniferous free oxygen formed up to 35%
of the atmosphere, about two-thirds more than
current levels. This led to a degree of gigantism
among arthropods and amphibians, probably
because of the effective increase in efficiency of
their respiration. The Carboniferous also saw the
first flying insects, the first animals to develop this
ability. On the negative side, such high oxygen
levels, coupled with the presence of dense forests,
contributed to a highly combustible landscape, and
the presence of large quantities of fossil charcoal in
Carboniferous sediments indicates that forest fires

had become a regular occurrence.

Amphibians diversified and increased in size
dramatically during the Carboniferous, but perhaps
the greatest vertebrate innovation during the period
was the evolution of the amniotic egg—an egg
with a waterproof coating. This allowed tetrapods
to lay their eggs on dry land, dispensing with the
aquatic larval stage characteristic of amphibians
and, therefore, allowing them to become fully
terrestrial. These first fully terrestrial, amniotic
vertebrates were the first reptiles. They very soon
separated into two lineages, the synapsids and the
diapsids, in the late Carboniferous (cz 310 Ma).
The synapsids (mammal-like reptiles) were to
give rise to the mammals, whereas the diapsids

were to give rise to the dinosaurs, modern reptiles

and birds.

Early in the Carboniferous, the supercontinent
of Euramerica collided with Gondwana, followed

soon after by Siberia colliding with Euramerica to

form the supercontinent of Pangaea (Chapter 2).
Through the Carboniferous, this supercontinent
drifted further south to cover a large proportion
of the high latitudes of the Southern Hemisphere,
including the South Pole. This may have been
the trigger that led to a decrease in global
temperatures, eventually plunging the planet into
the Karoo Ice Age during the late Carboniferous
to early Permian. The decreasing temperature of
the late Carboniferous had a dramatic effect on
the Australian flora; the flora of large lycophytes
disappeared, to be replaced by the impoverished
Nothorhacopteris and Botrychiopsis seed-fern floras.
During the Karoo Ice Age, ice sheets covered large

parts of southern Gondwana, including Australia

(Chapter 4).

Seed ferns dominate

As the Karoo ice sheets receded in iterative pulses,
the continent was partly flooded, and marine
sediments were deposited in several large basins
around its periphery. The warming climate triggered
an explosion of plant life, and the Glossopteris
(Figure 3.9) flora spread across Gondwana (Did
you know? 3.1). Glossopteris was a genus of tall
seed plants with distinctive air chambers in their
roots and a deciduous habit that enabled them
to thrive in the vast high-latitude (temperate)
lowland swamps of the Gondwanan Permian.
The vast peatlands dominated by the Glossopreris
flora provided the raw material for the huge coal
deposits found in the Permian (299-251 Ma)
of the Gondwanan continents (Chapter 4).
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Figure 3.9: Representatives of the Glossopteris flora.
(a) (opposite) Leaf whorls from the horsetail Phyllotheca australis,
from Newcastle, New South Wales. (b) A cross-section of

a silicified tree-fern trunk (Palaeosmunda sp.) with two main
stems, from Blackwater, Queensland. (c) Leaves of Glossopteris
duocaudata from Cooyal, New South Wales. (d) A small

branch of a conifer (Walkomiella australis) terminating in

a cone, from Ulan, New South Wales. (e) A cross-section of

a silicified tree trunk 6 cm in diameter, with closely spaced
annual rings indicating a cold climate, from the Werrie

Basin, New South Wales. (f) A fern, Neomariopteris sp.,

from Newcastle, New South Wales. (Source: White, 1986;
photographs by Jim Frazier)
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Did
know? . . o

3.1: The distribution of
Glossopteris—evidence for
continental reconstruction

The distribution of fossil Glossopteris leaves across
the Southern Hemisphere continents (Antarctica,
Australia, southern Africa, Madagascar and South
America) and India was one of the first firm pieces
of evidence used, in 1861, by the Viennese geologist
Eduard Suess to deduce that all of these lands were
once united into a single supercontinent. He called
this supercontinent Gondwanaland, which is now
more correctly shortened to Gondwana. Suess did
not, at the time, understand that the continents
moved across the surface of the earth; he thought
that sea-level fell to expose land bridges between
the present-day continents.

IRAN

SOUTH
AMERICA

Figure DYK3.1: Distribution of Glossopteris flora on
a reconstruction of Gondwana, showing where it is

confidently recorded (red dots) and where Permian

sedimentary basins are located (green regions).

In 2011, Australia exported more than $58 B
worth of metallurgical and thermal coal, mostly
of Permian age, making coal one of the country’s
most significant export commodities (Chapter 9).
Glossopteris plants survived in high-latitude habitats
with several months of darkness per year by being
deciduous (shedding their leaves) and retreating
into a relatively dormant state during the winters.
Very few fossils of terrestrial vertebrates are found
associated with the Glossopteris flora, but a broad
range of fish, insects and other invertebrates are
known from lake deposits containing Glossopreris
and associated plants. In addition to the glossopterid
gymnosperms, the Permian peatlands generating
these coal deposits were also inhabited by horsetails,
ferns, lycopods and mosses; the drier uplands may
have hosted conifers, horsetails, cycads and ferns,
but these are less commonly represented in the
major fossil deposits that typically accumulated in

lowland areas.

The fossil record of Permian terrestrial vertebrates
in Australia is sparse and consists almost entirely
of temnospondyl amphibians found in association
with the Sydney Basin coal deposits. Similarly,
the Australian fossil record of Permian terrestrial
invertebrates is very limited, with only one major
locality, in the Sydney Basin coal measures,
containing a diverse fauna, including scorpionflies,

beetles, lacewings, caddisflies and crickets.

The Glossopteris flora and its attendant fauna
persisted until the end of the Permian, at which
time Earth’s most severe extinction event occurred

3.8). This

extinction, wiped out up to 90% of marine species,

(Figure event, the end-Permian

70% of all terrestrial animal species and half of

all land plant species. It is believed to have been
caused by the eruption of the Siberian Traps, one
of the largest volcanic events to have occurred in
the Phanerozoic. The Glossopteris flora disappeared
completely during this event, as did a large

proportion of the insect and vertebrate fauna.

This extinction event was so severe, with so much
biodiversity lost, that it took many millions of
years for ecosystems to recover, much longer
than for any other extinction event. It was the
closest land plants and animals came to complete
extermination since they had begun to invade
the land several hundred million years before.
This event was the extinction that fundamentally
changed Earth’s ecosystems, bringing to an end
the Paleozoic world and allowing the remaining
organisms to begin to construct the world with
which we are familiar. The plants and animals
currently occupying our world still reflect those
that survived the catastrophe at the end of the

Permian (Figure 3.8).

On land, this extinction event resulted in a
severely impoverished flora and fauna. The diverse
glossopterids and their associates, which formed the
huge Gondwanan peatlands in the Permian, had
all disappeared and were replaced by a sparse flora
of lycophytes, seed ferns, horsetails and conifers.
Compared with the lush, diverse flora of the late
Permian, the Early Triassic (251-245 Ma) flora
was one of smaller opportunistic plants commonly
having small leaves with thick cuticles and sunken
gas-exchange pores (stomata)—adaptations to
warmer and drier conditions. The ability of the
flora to generate the volume of vegetation to form

peatlands (and therefore coals) had gone, partly
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Figure 3.10: Representatives of the Dicroidium flora.

(a) Dicroidium zuberi, from Brookvale, Sydney, New South
Wales. (b) Dicroidium odontopteroides and Dicroidium
elongatum (long, narrow leaves), from Ipswich, Queensland.
(c) Delicate twigs of the conifer Voltziopsis wolganensis with
lax terminal cones and needle-like leaves. (d) The ginkgophyte
Ginkgoites semirotunda, from Benolong, New South Wales.
(e) The horsetail Neocalamites sp., from Brookvale, Sydney,
New South Wales. (Source: White, 1986; photographs by

Jim Frazier)
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because of its impoverishment and partly because
the climate had warmed. This Early Triassic
interval is called the ‘Coal Gap’ and represents the
only period during the last 350 Myr when no coal

was accumulating anywhere on Earth.

It would be several million years before even the
thinnest coals would reappear. Despite coals being
significant enough for mining from the Late
Triassic (ca 210 Ma) of southeast Queensland,
South Australia and Tasmania, the Jurassic of
southeast Queensland and the Paleogene—Neogene
of Victoria (Chapter 9), they were never again as

extensive in Australia as they were in the Permian.

By the Middle Triassic, the seed fern Dicroidium
(Figure 3.10) had taken over most lowland habitats
and had diversified extensively, in much the same
way as the Glossopteris flora had done in the
Permian. Dicroidium was a woody seed-bearing
plant with foliage that was superficially fern-like.
The microscopic gas-exchange pores (stomata)
on its leaves were in many cases strongly sunken
or protected by overarching cuticle lobes,
signalling adaptations to warmer climates and
periodic drought. Dicroidium exploited a similar
geographic range to the preceding Glossopteris flora
and was also predominantly a plant of wet lowland
habitats. Later in the Triassic, in Australia, its fossil
remains contributed to the economic coal deposits
at Ipswich, Tarong and Callide in Queensland and
at Leigh Creek in South Australia (Figure 3.1).

The Triassic was also a period of extensive
diversification of the conifers, such that all the
major extant groups of conifers appeared in this

period. The Australian land vertebrate fossil record

is limited but was dominated by temnospondyl
amphibians, some primitive archosaurs and rare

mammal-like reptiles.

Conifers dominate

At the end of the Triassic period, another mass
extinction event occurred. This was probably
caused by the eruption of the basalts of the Central
Atlantic Magmatic Province in western Pangaea,
and it wiped out most of the crurotarsans, a
group of crocodilian-like reptiles that were direct
competitors with the early dinosaurs. This left the
way open for the latter to become the dominant
land vertebrates for the remainder of the Mesozoic.
The extinction event also wiped out most of the
temnospondyl amphibians, with only two families

surviving in China and Gondwana.

The Dicroidium flora disappeared and was replaced
by a flora dominated by conifers, cycad-like
bennettitaleans, ginkgoes, ferns and herbaceous
lycophytes. By the Jurassic (cz 200 Ma), all
extant conifer families were already in existence
and, in Australia, conifers of the Araucariaceae,
Podocarpaceae  and extinct  Cheirolepidiaceae
dominated the flora. Gingkoes, several orders of seed
ferns (Caytoniales, Pentoxylales, Corystospermales)
and cycads were the other dominant midstorey
plants. Apart from a couple of aquatic groups,
all major extant fern families had evolved by the
Jurassic and, together with small but abundant and
diverse lycophytes and horsetails, they dominated

the ground stratum of the vegetation.

Cheirolepidiacean  conifers were particularly
prominent in the Early Jurassic (200-176 Ma) of

Australia, as determined by the great abundance

of their distinctive pollen. Bennettitaleans and
Caytoniales were also prominent seed plants of the
Early Jurassic, while osmundacean, dipteridacean,
dicksoniacean, matoniacean and gleichenacean
ferns were well represented herbaceous groups.
Some floristic differences are apparent between
western and eastern Australia in the Early Jurassic,
and this is interpreted to result from generally
drier and warmer conditions that prevailed at
middle latitudes (Western Australia) at that time,
compared with the cool, moist climate experienced

by eastern Australia at a latitude of 40-75°S.

The marine transgression near the end of the
Pliensbachian (cz 183 Ma) and the early Toarcian
(ca 180 Ma) oceanic anoxic event coincided with
a change in the Australian flora. The araucarian
conifers became more common at the expense
of their relatives, the cheirolepidiacean conifers.
Podocarp conifers formed a lesser part of the flora,
and bennettitaleans, lycophytes and a range of
ferns were also common. The climate was seasonal,
and the flora in the west was much the same as that
in the east, as the latitudinal differentiation was no

longer clearly evident.

Later in the Middle Jurassic, a slight cooling
trend again altered the flora. The podocarp
conifers became more common at the expense
of the araucarian conifers, while some fern
families, which are now restricted to the wet
tropics (e.g. Dipteridaceae), became quite rare.
The abundance and diversity of other ferns and
lycophytes indicate that the climate was seasonal
and humid, with sufficient dry spells to inhibit
peat formation, thus preventing the formation of

extensive coal deposits.
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The record of the Jurassic vertebrate fauna is
limited to a few isolated specimens, but comprises
sauropod and theropod dinosaurs and a few
temnospondyl amphibians. The temnospondyl
amphibians became extinct elsewhere in the Late
Jurassic, but survived into the Early Cretaceous
in Australia. No mammal fossils are known from

the Australian Jurassic. The insect record from

Living Australia

the Australian Jurassic is slender, with only a few
beetles, cicadas and leathoppers, among others,
being recorded from the Talbragar Fossil Fish Bed
(Figure 3.1), which, together with fish, plants and
molluscs, provides a snapshot of a Late Jurassic
(ca 153 Ma) ecosystem. The deposit contains
several horizons preserving mass-mortality events,

where hundreds of fish, insects and plants were
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Reconstruction of Rhoetosaurus brownei.
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rapidly buried and are exquisitely preserved
(Figure 3.11). It contains one of the finest
mid-Mesozoic continental fossil assemblages in
the world. Particularly well represented are the fish
Cavenderichthys, the robust araucariacean conifer
Podozamites jurassica (distantly related to the
modern bunya, hoop, kauri and Wollemi ‘pines’),

and a range of now-extinct seed ferns.

The flowering

Molecular phylogenetic studies suggest that the
angiosperms (flowering plants) had evolved by
the Middle Jurassic (cz 175 Ma) and underwent
a gradual initial diversification through to the
beginning of the Late Jurassic (cz 161 Ma). After
this, a rapid diversification occurred, so that by
the end of the Early Cretaceous five major lineages
had been established, most of which probably had
a herbaceous or shrubby habit and preferred wet

environments.

It is unclear from where the angiosperms evolved,
but it has been suggested that their close relatives
are one or other of the groups of seed ferns, and
recent studies favour the extinct Caytoniales,
Bennettitales or Pentoxylales as their closest
relatives. To date, the Jurassic component of the
lineage leading to angiosperms lacks a clear fossil
record. The oldest fossil pollen, leaves and flowers
of angiosperms come from the late Valanginian to
early Hauterivian (cz 135 Ma), but the diversity
of these early records suggests that the group as a
whole had a much earlier origin. The oldest flower
fossil (Archaefructus), from Liaoning in northern
China, is an aquatic plant whose position within

the early angiosperms remains a subject of debate.

The dominantly coniferous forests of the Jurassic
continued into the earliest Cretaceous. The earliest
Cretaceous flora comprised forests in which
araucarian and podocarp conifers formed the
canopy with a few members of the now extinct
Cheirolepidaceae. The middle and lower strata of
the forests consisted of bennettitaleans, ferns, seed
ferns, lycophytes and bryophytes. There was some
regional differentiation in the flora, with that from
Western Australia being more like India in having
more diverse araucarian conifers and ferns, while
that of eastern Australia was more like western

Antarctica and New Zealand.

In the
(ca 138-128 Ma), podocarps became more

Valanginian to early Barremian
common in the canopy at the expense of the
araucarians, while seed ferns, bennettitaleans,
ferns and lycophytes continued to constitute
the midstorey and understorey. At this time,
ginkgoaleans had little representation in the flora.
Whereas ginkgoaleans were essentially absent
from the Australian Jurassic, they returned in
the Barremian—Aptian (cz 125-120 Ma). Their
presence signifies an interval of significant cooling,
which is corroborated by the presence of cold-water
sedimentological indices, such as glendonites
and ice-rafted dropstones in southern Australian

marine strata of this age.

Together with pentoxylaleans, ginkgoaleans formed
a significant deciduous component of the Early
Cretaceous forests, which were dominated for the
most part by the same conifer families that had
dominated the Jurassic. Growth-ring analysis also
indicates that the climate was cool, with marked

seasonality. Riparian vegetation included horsetails,

liverworts, ferns, lycophytes and early angiosperms.

Regional variation was still a feature of the
vegetation, with high frequencies of Sphagnum-
like spores in Queensland suggesting extensive
development of moss bogs, whereas in Victoria
lycophytes were more prominent. Similarly,
liverworts, hornworts and riparian ferns were more

common in Queensland than in the southeast.

There was a major vegetational change near
the Aptian—Albian boundary (cz 111 Ma). In
Victoria, a new suite of araucarian and podocarp

conifers appeared, with some Cupressaceae and
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Cheirolepidaceae. Associated with the conifers

in the canopy was a small-leafed Ginkgo, which
had replaced Ginkgoites. Also very common in
the understorey was the osmundaceous fern

Phyllopteroides.

In Queensland, horsetails, cycads and Ginkgo
were present; the pentoxylalean Zaeniopteris was
common in Queensland, but was absent in the
southeast. In both regions, angiosperms were more
widely distributed and increasingly diverse, with
assemblages from the north being more diverse

than those from the southeast.

Living Australia

During the Cenomanian (cz 98 Ma), uplift
commenced along the eastern margin of the
continent, and subsidence began along the western
margin. Atabout the same time, Australia started to
separate from Antarctica, and marine environments
extended into Victoria from the west (Chapter 4).
This was accompanied by profound changes in the
vegetation of the southeast. The canopy largely
comprised araucarian conifers, with a small-leafed
Ginkgo and a minor component of angiosperms,
but the latter had become much more diverse. In
the lower storey, there was an increased diversity of

clubmosses and leptosporangiate ferns.

Figure 3.11: Representative fossils from Talbragar, New South
Wales. (a) (opposite) Araucariacean conifer, Podozamites
jurassica. (b) Seed fern, Komlopteris sp. (Source: S McLoughlin).
(c) Twigs of a small podocarp conifer with stems covered in
scale-like leaves and three small cones at the tip of each stem.
(d) A conifer spur shoot showing rhombic leaf detachment
scars. (e) Small freshwater fish, Cavenderichthys talbragarensis.
(Source: except where noted, White, 1986; photographs by

Jim Frazier)
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O  Ancient myrtle beech trees (Nothofagus cunninghamii)
grow in the Vale of Belvoir, northwestern Tasmania.

In Queensland, the flora was more diverse, with the
canopy containing several araucarians, a podocarp
and a cupressacean, along with a Ginkgo. Also
present were the pentoxylalean seed fern Zaeniopteris,
the bennettitalean Prilophyllum and at least
eight angiosperm species (based on macrofossils,
although the pollen flora suggests the presence of
many more). The latter group became co-dominant
elements of the flora for the first time—a change
that fundamentally altered the structure of the

world’s vegetation to the present day.

At about the Cenomanian—Turonian boundary
(ca 94 Ma), there were profound vegetational
changes, with forms readily recognisable in the
modern flora being introduced. Lineages that
include the modern Huon pine (Lagarostrobos) and
Dacrydium (another podocarp) evolved in southern
high latitudes, together with the distinctive austral

angiosperms Proteaceae and /lex (holly).

By the Santonian (cz 86 Ma), the podocarp/
araucarian forests had proteacean angiosperm
associates in the canopy. The Proteaceae includes
the modern Banksia, Grevillea, Hakea, Telopea
(waratah) and Macadamia. Early in the Campanian
(ca 80 Ma), Nothofagus (the southern beech)
evolved in southern high latitudes, and its early
diversification probably occurred in the southern
South  America—Antarctic  Peninsula  region.
Appearing just before the ultimate breakup phase
of eastern Gondwana, this genus has remained
a key component of the forests of Australia,
New Zealand, New Caledonia, New Guinea
and South America through the Cenozoic. Its
fossils are also known from Antarctica, indicating

that this continent hosted extensive forests in
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the Cretaceous and Paleogene, which probably
played an important role in biotic interchange
before the breakup of the southern continents.
The Campanian also saw the diversification of
the Proteaceae, which, in Victoria, includes such
forms as Adenanthos (woolly bush) and Persoonia
(geebung). The record there suggests a vegetation
with both rainforest and sclerophyll taxa, with
podocarps, araucarians and a range of flowering
plants. The diversification of the Proteaceae is
particularly evident in Maastrichtian (cz 68 Ma)

pollen floras from central Australia.

By the Maastrichtian, the Winteraceae (e.g. modern
mountain pepper), Ericaceae (e.g. modern common
heath), Trimeniaceae (e.g. modern bitter vine) and
Ranunculaceae (e.g. modern small-leafed clematis)
had also appeared in the Australian flora, and the
true grasses (Poaceae) had evolved in Gondwana
(probably in South America and Africa), although
the latter remained a very minor component of the

vegetation until well into the Cenozoic.

The record of Cretaceous terrestrial vertebrates

is extensive but fragmentary in Australia.
The continent had a diverse fauna of sauropod,
theropod and ornithopod dinosaurs, which at
lower palaeolatitudes grew to enormous size,
similar to those on other continents. In higher
palacolatitudes, the fauna was apparently
diminutive and dominated by herbivores adapted
to high-latitude seasonality. In compensation for
the relatively poor skeletal fossil record, there are
some important dinosaurs trackways recorded
from Australia. The Lark Quarry trackway (near
Winton in Queensland; Figure 3.1) is perhaps the
best known. It comprises thousands of footprints

made by a herd of Early Cretaceous herbivores

Living Australia

that have been stampeded, slipping and sliding in
the mud, by the appearance of a large predatory
theropod or two. Recently, a dinosaur trackway
of similar age has been reported from the Otway
Basin in Victoria. In addition to dinosaurs, birds,
monotremes, other archaic mammals, pterosaurs,
crocodilians and the last of the temnospondyl
amphibians were also present on the continent. All
temnospondyls on other continents had become
extinct by the Late Jurassic, but they persisted in

southeastern Australia.

With the demise of the last of the temnospondyl
amphibians in the Cretaceous, only the
Lissamphibia (modern amphibians) remained,
comprising the Anura (frogs and toads), Caudata
(salamanders and newts) and Apoda (caecilians).
Of these, only the frogs and toads currently inhabit
Australia. The Eocene fossil locality at Murgon,
Queensland, reveals that salamanders may have
once lived in Australia, along with leiopelmatids,
an archaic frog family that still survives in New
Zealand. The absence of the worm-like caecilians
in Australia is striking, given their wide distribution
(fossil and living) in other Gondwanan fragments

at lower latitudes.

Living in the shadow of their archosaur relatives
were some of the precursors of modern reptile
groups. The diversity of Australian Cretaceous
chelonians included early sea turtles, sinemydids
(freshwater turtles also found in Cretaceous of
central Asia) and meiolaniids (a Gondwanan
family of land turtles). Curiously, the side-necked
turtles (Pleurodira) that fill Australia’s modern
freshwater habitats were absent. Crocodyliforms
were also present, including Isisfordia from the

mid-Cretaceous of Queensland. This is the earliest

and most primitive known eusuchian, the group
that includes modern crocodiles and alligators and
hints at a Gondwanan origin for these predators.
A diagnostic fossil record for Australia’s terrestrial
squamatans (lizards and snakes; remains of the
extinct marine mosasaurs are known) does not
extend into the Cretaceous, but several groups
would certainly have been present. Lizards,
including the geckos, agamids (commonly called
dragons), skinks and varanids (goannas and
monitors) are all Late Mesozoic lineages, first
appearing in the Jurassic or Cretaceous of Asia, but
not appearing in the Australian fossil record until

much later.

Several species of archaic mammal are known
from the Lower Cretaceous of Victoria. Some are
clearly monotremes; another may be allied to the
multituberculates, a primitive mammal group;
whereas others are of uncertain affiliation, but with

some similarities to archaic placentals.

A few scattered bird fossils are known from the
Cretaceous of Australia, and these indicate the
presence of enantiornithid birds on the continent.
This group of birds was very diverse in the
Cretaceous, but did not survive the extinction

event at the end of that period (Figure 3.8).

One of the most important fossil localities from
the Cretaceous (Aptian: ¢z 120 Ma) in Australia is
the Koonwarra locality (Figures 3.1 and 3.12). It is
a lake deposit formed in what was then a rift valley
along Australia’s southern margin associated with
continental breakup from Antarctica (Chapter 4).
The deposit contains several species of fish and
plants, including liverworts, lycophytes, horsetails,

ferns, seed ferns, ginkgoes, araucarian and podocarp
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Figure 3.12: Representative fossils from Koonwarra, Victoria.

(a) Twigs of a podocarp conifer, Bellarinea richardsii. (b) A frond
of a seed fern, Rintoulia variabilis. (c) A delicate fern, Aculea
bifida. (d) A deeply dissected leaf of the ginkgophyte Ginkgoites
australis. (e) A veliid water strider insect, Duncanovelia extensa.
(Sources: White, 1986; White, 1990; photographs by Jim Frazier)
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conifers, and Australias oldest flower. The
relationships of this flower are obscure, but it may
belong to an early magnoliid lineage. Numerous
insects are also preserved, including mayflies,
dragonflies, cockroaches, beetles, fleas, flies and
wasps, together with other arthropods, including
a spider. In addition, a few isolated feathers have
been found; these are the oldest evidence for birds

(or feathered dinosaurs) on Gondwana.

The Koonwarra deposit represents an important
window into the evolution of Australia’s terrestrial
biota, since this interval marks the first appearance
in the continent’s fossil record of flowering
plants—a group that now dominates the world’s
vegetation. It also provides insights into the
structure of Cretaceous high-latitude communities,
given that the Gippsland region was located at

about 80°S at this time.

Beginning to build the
modern world

Among the vertebrates, the Cretaceous—Paleogene
extinction event exterminated the non-avian
dinosaurs, enantiornithid and some other
archaic birds, pterosaurs and marine reptiles, but
groups like crocodilians, turtles, amphibians and
mammals suffered relatively little. Ironically, it
was this extinction event that saw the marsupials
disappear from North America (the extant
opossums were Pliocene immigrants from South
America). This extinction event also saw the
demise of the cheirolepidacean conifers, which had
formed a major part of the forest canopy for many

millions of years.

Living Australia

The end of the Cretaceous (65.5 Ma) marks
a significant and convenient boundary in the
history of life in Australia. All the major groups
of organisms that dominate our modern biota
(lizards, snakes, birds, mammals and flowering
plants) had evolved, and the Cretaceous—Paleogene
extinction event had removed many of their main
competitors or, in the case of seed ferns, led to their
serious decline. This boundary, therefore, marks
the beginning of the rise of the modern biota, with
mammals and birds subsequently diversifying into
many of the niches previously occupied by their
competitors, while the flowering plants came to
dominate the flora, with many of the previously
dominant forms (e.g. conifers) becoming more

restricted in their distribution.

Freshwater fishes of two genera persisted from the
Mesozoic: the Queensland lungfish (Neoceratodus
forsteri) and the two saratogas (genus Scleropages)
from southeastern Queensland and the far north.
Saratogas are osteoglossids (bony-tongues), archaic
predatory teleosts that are found throughout
the tropical freshwaters of the world. Although
the Australian fossil record does not extend into
the Mesozoic, genetic comparison with Asian
congeners indicates that the genus must have been
present in the Early Cretaceous when the Asian
and Australian lines diverged, likely due to the
separation of India from the rest of Gondwana

(which transported the genus to Asia).

The remainder of Australian freshwater fishes
evolved more recently from marine lineages
during the Cenozoic; indeed, the majority of

local freshwater families also contain marine or

Image courtesy of Jean Joss, Macquarie University

O Queensland lungfish, Neoceratodus forsteri.
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estuarine species. On other continents (excluding
Antarctica), freshwater faunas are dominated by
ostariophysians, the teleost group that includes
the cyprinoids (carp-like fishes), characoids and
catfishes. In Australia, the only native freshwater
ostariophysians are representatives of two mostly

marine catfish families (the eel-tailed plotosids and

the fork-tailed ariids).

It is likely that marsupials evolved in Asia during
the Early North

America not long after. They entered South

Cretaceous, dispersing  to
America during the Late Cretaceous to early
Paleocene, and Australia by the late Paleocene.
The marsupial-dominated fauna of Australia is
perhaps the most distinctive mammalian fauna
on any continent. Apart from Antarctica, all other
continents (South and North America, Eurasia
and Africa) have exchanged terrestrial placental
mammals, including camels, lions, anteaters,
sloths, armadillos and elephants. This mixing has
not involved Australia, largely because of Australia’s
relative isolation throughout much of the radiation
of the placentals. Australia entered this period of
isolation as it completely separated from Antarctica
by the Oligocene (34 Ma). As a consequence, land
animal immigration was completely curtailed, and
the marsupial fauna was allowed to diversify with
little interference from other mammal lineages.
It was only as the northward drift of the continent
uplifted New Guinea late in the middle Neogene
that extensive contact with the outside world
resumed. Unfortunately, the early marsupial fossil
record in Australia is patchy, so it is difficult to
be certain how the early diversification of the

marsupial fauna occurred.

Paleogene climatic optimum

The wet forests persisted from the Late Cretaceous
in the southeast of the continent during the early
Paleogene, and were dominated by araucarian and
podocarp conifers, and angiosperms. Several of
the latter, especially members of the Proteaceae,
became extinct at this time. However, the
angiosperms recovered quickly from the changes at
the Cretaceous—Paleogene transition, and ancestral
Nothofagus forests became dominant over large
areas of the continent by late in the Paleocene.
In central Australia, although dating remains
poor, it has been suggested that a more variable
temperate rainforest, dominated by Cupressaceae,
Cunoniaceae (e.g. coachwood) or Proteaceae, was
present. In northwestern Australia, the forests
were dominated by she-oaks (Casuarinaceae) and
Proteaceae, whereas, in northeastern Australia,
marshland-adapted  burr-reeds (Sparganiaceae)

and the mangrove palm (Vypa) are present.

As the global temperature rose during the early
Eocene (ca 53 Ma), Casuarinaceae and Proteaceae
came to dominate Australian coastal rainforests;
away from the coast, the rainforests were more
variable, and subtropical rainforest taxa covered
much of the continent. These forests also probably
included the earliest representatives of Eucalyptus
(Myrtaceae) and Banksia (Proteaceae)—perhaps
growing on poorer soils in rainforest fringes,
where their leathery (sclerophyllous) leaves made
them pre-adapted to the more arid conditions that
would arise later in the Cenozoic. The Nothofagus
(Brassospora) forests, which had been more
widespread in the southeast, seem to have become

confined to the Tasmanian highlands. At the same

time, the mangrove palm ranged as far south as
western Tasmania, while some pantropical palms
reached central Australia. Their descendants can
still be found in such places as Palm Valley, to the
west of Alice Springs (Figure 3.1).

The middle Eocene (cz 45 Ma) saw the maximum
extent of rainforest across the continent. Nothofagus
(Brassospora) was widespread in these forests, even
in central Australia (Box 3.3). This rapid expansion
of Nothofagus-dominated forests may reflect global
cooling. A decrease in global temperatures is
apparent from the mid- to late Eocene, and this
was reflected in the Australian vegetation. Causes
of the temperature decline remain uncertain. A
conventional view has been that the development
of the Antarctic Circumpolar Current close to
the Eocene-Oligocene boundary (cz 34 Ma)
was related to the separation of Antarctica from
Australia and South America, isolating Antarctica
from warmer waters to the north. Lately, however,
this view of the dramatic cooling event has been
challenged; the separation of southern South
America may have been a later event, and the
onset of the Antarctic Circumpolar Current may
not have caused the onset of Antarctic glaciation.
Other factors, such as decreased levels of CO,, may

be implicated.

True crocodiles first evolved in the Early
Cretaceous, possibly in Gondwana. For most of
the Cenozoic, a diverse Australian crocodile fauna
existed throughout much of the continent, with
most fossil assemblages containing three or more
species. Most belonged to a regionally endemic
subfamily of crocodylids, the Mekosuchinae,

which first appear in the Eocene. These reptiles
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STUART CREEK SILCRETE FLORA @oxs.s

Nothing illustrates the aridification of Australia
better than comparing the Eocene fossils of the
Stuart Creek silcrete flora from the Lake Eyre Basin
with the modern flora of that region, which is
dominated by Acacia, chenopod shrubs, Casuarina,
Xanthorrhoea, spinifex and samphire. The Stuart
Creek silcrete flora is probably Middle Eocene in
age and contains tree ferns, podocarp conifers,
araucarian conifers, cypress conifers, putative
Eucalyptus, paperbark (Melaleuca), flame trees
(Brachychiton) or kapok trees (Cochlospermum),
she-oaks (Cymnostoma), palms and Proteaceae.

Today, Brachychiton and Cochlospermum occur
mainly in the tropics or along the humid east coast;
Melaleuca is usually associated with watercourses
and swamps; tree ferns are confined to tropical,
subtropical or temperate rainforest; and podocarp
and araucarian conifers are mostly restricted to
tropical, subtropical or temperate rainforests or
alpine areas. Gymnostoma is now restricted to
tropical rainforests. These indicate that, at the time
these plants were growing, the climate was warm
and humid, probably with permanent rivers,
billabongs and swamps.

Figure B3.3: Representatives of the Stuart Creek flora, South

Australia. (a) Three different angiosperm leaves. (b) Impression
of a conifer twig. (c) Part of a palm frond. (d) A leaf with
narrow lamina belonging to the Proteaceae. (e) Large leaf of
a flame tree or kapok tree (Brachychiton or Cochlospermum).
(Source: M White, 1994; photographs by Jim Frazier)
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occupied a much greater range of niches than their
modern counterparts; they included dwarf, perhaps
even arboreal, forms (77ilophosuchus), terrestrial
carnivores (Quinkana) and ‘conventional’ large

semiaquatic predators (Pallimnarchus).

The earliest significant Cenozoic bird fossils come
from the Eocene and include a giant penguin; other
large, flightless birds (probably dromornithids); a
stone curlew—like bird (but probably not closely
related to modern stone curlews); and a songbird
(passerine). The latter is the oldest passerine fossil
known anywhere in the world and, coupled with
molecular evidence, it seems most likely that
this most successful group of birds evolved in
Gondwana during the Paleocene (cz 65.5-56 Ma)
and only reached the northern continents during
the Oligocene (ca 28 Ma).

The passerines now account for more than half
the world’s bird species. In Australia, they include
the lyrebirds, fairy wrens, pardalotes, currawongs,
bowerbirds, willie wagtails, Australian magpies,
honeyeaters, Australian finches and numerous
others. Some later dromornithids were up to
3 m tall and may have weighed well over 300 kg.
Originally thought to be related to the ratites,
they are now known to be most closely related to

waterfowl (ducks and geese).

The oldest Australian marsupial fossils are from the
early Eocene (ca 54 Ma) of Murgon in southeastern
Queensland (Figure 3.1), and these include three
animals much like early marsupials from South
America, together with one that is distantly related
to the group that includes modern bandicoots and

bilbies (the Peramelemorphia). This is roughly

concurrent with the proposed origin of the group
based on molecular evidence. There is only one
extant species of bilby, the greater bilby, which is
a nocturnal omnivore of the western desert. The
lesser bilby, from the central Australian desert, has
probably been extinct since the 1950s. Bandicoots
are much more diverse and widespread, with about
20 species inhabiting desert to rainforest habitats.
They are found throughout mainland Australia,
Tasmania and New Guinea, having entered the
latter recently as the close approach of Australia

and lower sea-levels permitted.

There is increasing evidence that non-volant
(non-flying) placentals had arrived in Australia by
the Eocene, with fragmentary dental, cranial and
post-cranial skeletal remains now known from the
early Eocene of Murgon (Figure 3.1). If such animals
did exist on this continent in the Eocene, they left
no descendants. The oldest well-represented fossil
placentals from Australia are early Eocene bats
from the same locality. Nearly 25% of all mammal
species are bats, and they are essentially worldwide
in distribution. Although the oldest fossil bats
are from the early Eocene, molecular evidence
suggests that they may have evolved as early as
the Late Cretaceous. The earliest fossil bats from
Australia represent an archaic group, although it
is clear that they could use echolocation. It seems
likely that these early Australian bats entered
from South America via Antarctica. The place
of origin of bats is unknown, mostly because of
the poor fossil record, but it seems likely that the
80 species of extant bats in Australia comprise a
mixture of endemic groups (some ‘evening bats’
and ‘leaf-nosed bats’; Figure 3.18) and more recent

arrivals (flying foxes).

The cooling

Cooler temperatures in the southeast during the
late Eocene (caz 37 Ma) caused mangrove palms
to disappear from Tasmania, while the presence
of Ginkgo and deciduous species of Nothofagus
suggest cooler winter temperatures. Several more
sclerophyllous and xerophytic genera, such as the
Banksia serrata and Dodonaea triguetra (modern
hop bushes) lineages, appear at this time. Mangrove
palms still survived in the warm shelf waters
of South Australia, while a more megathermal
mangrove flora persisted in southern Queensland.
This global cooling created intensifying climatic
gradients, in both rainfall and temperature, resulting
in increasingly provincial and heterogeneous
vegetation into the Oligocene. The appearance of
what is considered the characteristic Australian
genus, Acacia (the wattle), may have been related to
the expansion of drier conditions in some regions.
Although the family Mimosaceae is widespread
globally, pollen records suggest its first appearance
in the early Oligocene (cz 30 Ma) in Australia, but
indicate that the genus did not become common

until the Miocene.

In the southeast, the thick accumulations of brown
coalin the Gippsland Basin reflect the heterogeneous
nature of Oligocene and Miocene vegetation
communities. Within the coal seams of the
Latrobe Valley, three main peat-swamp vegetation
types have been identified: a Lagarostrobus (Huon
pine)-dominated swamp forest, a Myrtaceae—
Elacocarpus (e.g. blueberry ash) swamp forest, and
an open-canopied swamp forest distinguished by
conifer and sclerophyll taxa. Nothofagus forest grew
on the higher ground. Today, these coals provide
most of Victorias electricity (Chapter 9).
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Some modern fish genera had evolved by the
Oligocene (34 Ma), and several species have
remained virtually unchanged since the Miocene.
An example of this is the modern Murray cod
(Maccullochella peelii), which is also represented by
superbly preserved fossil specimens in middle to
late Miocene (ca 12 Ma) diatomite near Bugaldie
(Figure 3.1) in northern New South Wales. Today,
Australia has a relatively low diversity of freshwater
fishes, with about 280 species, but the fauna is
highly distinctive.

Both widespread modern Australian  frog
families—the Hylidae (tree frogs, of the endemic
Australo-Papuan subfamily Pelodryadinae) and
the Myobatrachidae (Australasian ground frogs)—
were well established in the Oligocene—Miocene
rainforests of Riversleigh (with more than
20 species, arguably the most diverse fossil frog
assemblage in the world). Many modern genera
were already present, including the tree frog Litoria

and several myobatrachids.

Due to their fragile osteology, the fossil record
of snakes in Australia (and the rest of the world)
is sparse. The archaic madtsoids were almost
certainly present here in the Cretaceous (owing
to their fossil record in other Gondwanan sites).
Whereas this group had disappeared from other
continents by the mid-Cenozoic, they continued
to flourish in Australia, producing anaconda-sized
constrictors (Wonambi), before their extinction in
the late Pleistocene. By the Oligocene—Miocene
(ca 23 Ma), blindsnakes, pythons and elapids
had made their local appearances alongside
the madtsoids. Filesnakes and colubrids are
comparatively recent arrivals from Asia, with

correspondingly low endemicity.

Living Australia

Australasian ratites (emus and cassowaries) stem
from an old Gondwanan lineage, which probably
evolved during the Cretaceous, as they now
occupy the southern continents and adjacent
islands (e.g. rhea in South America, ostrich in
southern Africa, kiwi in New Zealand and, until
recently, elephant bird in Madagascar). The oldest
fossil ratites in Australia are from the Oligocene
(ca 28 Ma). Today, the emu occupies most of the
mainland, whereas the cassowary is restricted to

northeast Queensland.

© Getty Images [L Heusinkveld]

Murray cod (Maccullochela peelii) is the largest
Australian freshwater fish, reaching 113.6 kg and
1800 mm in length. The species is important in
Aboriginal mythology: a huge Murray cod is believed
responsible for creating the Murray River and all

its fishes.
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The emu (Dromaius novaehollandiae) is Australia’s
largest bird, and is the world’s second largest after
the ostrich.

It was also during the Oligocene and Miocene
that the first representatives of the waterfowl,
grebes, cormorants, pelicans, flamingos, cranes,
rails, stone curlews, birds of prey and pigeons also

appear in the Australian fossil record.

The oldest diverse snapshot of the Australian
marsupial fauna comes from Oligocene to Miocene
limestone deposits of Riversleigh, in northwestern
Queensland (Figure 3.1), where numerous early
representatives of extant and extinct lineages have

been discovered. The oldest thylacinid fossils are

of late Oligocene age (cz 25 Ma). By the early
Miocene (ca 20 Ma), at least four genera inhabited
the rainforests of northern and eastern Australia;
by 8 Ma there were three species; and by 5 Ma
there was one, the modern Tasmanian tiger,
although it was distributed throughout Australia

and New Guinea.

The oldest fossil vombatiforms (of which wombats
and koalas are the only living members) come
from the late Oligocene (cz 25 Ma), but molecular
evidence indicates an origin early in the Eocene.
The koalas were avery diverse group in the Miocene,
when the climate was wetter, and rainforest and
suitable woodland covered more of the continent.
In the Miocene, vombatimorphians (which include
only wombats), like the koalas, were much more
diverse, with as many as 11 genera being recorded.
Some of the Miocene to Pleistocene forms were as
much as three times the dimensions of the largest

modern species (i.e. 2 m in length).

The diprotodontoids were the giants of the
marsupial lineage, with the largest being just under
3 tonnes in weight. This group of herbivores was
very diverse, with 20 or more genera having been
recorded. Like many other groups of marsupials,
the oldest fossils of this group come from the late

Oligocene, but it is likely that their origins are older.

The largest of the thylacoleonids (marsupial lions)
were the top predators of their day and reached
the size of a modern lioness. They probably used
their elongated canine-like lower incisors to tear
out the throat of their prey, in much the same way
as the sabretooth cats of the Northern Hemisphere

used their oversized upper canines. Again, the
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FIRE AND THE AUSTRALIAN BIOTA ®oxs.9

Fire is a key element in the functioning of
Australian ecosystems, affecting the distribution
of this continent’s diverse flora and fauna.
Adaptations shown by much of the modern flora
suggest a long history of exposure to fire regimes
of varying frequency and intensity. Adaptations
to fires may be behavioural or morphological.
Behavioural responses include the spectacular
flowering of some species immediately after
fire—grass trees (Xanthorrhoea) are a well-known
example. Another behavioural trait is the triggering
of seed release by fire—species of Banksia and
Eucalyptus show this. Morphological adaptations
offering protection to fire include the presence of
subterranean buds (lignotubers), or above-ground
buds concealed beneath thick bark. Although
adaptations to fire are unlikely to be preserved as

fossils, there are direct indications of fire in the
Australian sedimentary record. In the Murray Basin,
for instance, charcoal conglomerates are known
from Lower Cretaceous sediments. Widespread
rainforest vegetation in the Paleogene in Australia
is probably linked with a lower fire frequency,
but drier conditions and more open vegetation
types characterise the Neogene and correlate with
a general increase in burning. In the Gippsland
Basin, the Miocene Yallourn Coal Seam contains a
high proportion of fossil charcoal (fusinite).

But it is in the Quaternary that the record of fire
and its impact on the biota is best documented.
A general increase in charcoal within records
from the Late Quaternary is considered to reflect
drier and more variable conditions. Evidence for

s

the acceleration of this trend in some records
within the last glacial-interglacial cycle has
been interpreted to reflect an increase in ignition
resulting from the arrival and impact of Aboriginal
people on the continent. By contrast, analysis of
a large compilation of charcoal records covering
the last 70 ka has failed to detect a notable human
influence, except during the period of European
occupation. It is proposed that fire activity on
both orbital and millennial scales has been higher
during wetter periods, probably as a result of
higher levels of plant biomass. However, debate
over the relative importance of people and climate

on fire activity is active in the literature, globally
as well as in Australia.

A il A
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Figure B3.4: (a) Australian bushfire. (b) Aftermath of fire. (c) Bush
regenerating after fire.
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O  Skeleton of the hippopotamus-sized Diprotodon
optatum; the largest marsupial that ever lived.
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oldest thylacoleonid fossils are known from the

late Oligocene, but their origins are probably

much older.

The phalangeriforms include the plethora of
possums, pygmy possums, cuscuses and gliders.
The oldest members of this group in the fossil
record are from the late Oligocene (cz 25 Ma). The
distribution of some lineages altered dramatically
with the aridification of the continent in the
Neogene, with the ranges of many that were
adapted to cooler, wetter environments decreasing
as the continent dried out. An example of this is
the mountain pygmy possum lineage; the fossil
record indicates that this was once widespread in
inland Australia, but it is now found only in the
Mt Hotham and Mt Kosciuszko areas (Figure 3.1).
Itisalso clear that the group spread into New Guinea
and Sulawesi as the close approach of Australia and

lowered sea-level allowed (Chapter 1).

The extant kangaroos are most likely descended
from a phalangeriform, and molecular evidence
indicates that this may have occurred in the
Eocene. The macropods are divided into two
main groups: the kangaroos and wallabies
(Macropodidae), and the rat kangaroos (Potoroidae
and Hypsiprymnodontidae). Early in the evolution
of the group, in the late Oligocene to early
Miocene (ca 25-17 Ma), the extinct kangaroo
family Balbaridae was more diverse than any of the
modern lineages, but, as the continent dried out and
forest was replaced by grasslands and woodlands,
balbarids declined in diversity and abundance, and

the kangaroos and rat kangaroos diversified.

The warming

By the end of the Miocene (cz 5.5 Ma), strong
contrasts between the coastal and inland
vegetation were well established along similar,
but less intense, gradients to those of today
(Figure 3.13). Rainforest and some sclerophyll taxa
that now live in different communities coexisted
in a mosaic landscape, while araucarian forest
was still widespread, together with conspicuous
Podocarpaceae, along the eastern seaboard and
southern Western Australia. By this time, the range
of Nothofagus (Brassospora) had shrunk so that it
probably only survived in highland areas along the

eastern seaboard.

Together with drying of the landscape
(Figure 3.13) and expansion of sclerophyllous
vegetation, fire became an increasingly important
component of the environment through the
Neogene (Box 3.4). Many Australian plant groups

show particularly strong adaptations to surviving
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wildfire (e.g. regrowth from epicormic buds and
lignotubers, and production of fire-resistant seeds
and capsules). Indeed, some groups have become
strongly dependent on fire to release their seeds
or to provide an open landscape for establishment
of seedlings. The wildfires that regularly devastate
large tracts of the Australian bush and human
infrastructure are essential for the survival of many

native species (Box 3.4).

Cockatoos and swiftlets are first found in the early
Miocene (cz 17 Ma) of northern Australia, as
are the first lyrebirds, logrunners, orioles, storks,
kingfishers and owlet-nightjars. Owlet-nightjars
are an exclusively Australasian group, but related
forms (apodiforms) have been recorded from the
Paleogene of Eurasia. Kingfishers (e.g. modern
kookaburra) are thought to have originated in
South-East Asia and dispersed to Australia during

the Miocene.

The Oligocene—Miocene rainforests that grew
at Riversleigh, Queensland, harboured many
forms of lizard, including geckos, legless lizards
(which, phylogenetically, are also geckos), skinks
(including the modern blue-tongued lizard genus,
Tiligua) and agamids (including the modern
water dragon genus, Physignathus). The goannas
and monitors (Varanidae) have truly flourished in
Australia (excluding Tasmania) and include both
imposing apex predators and unique pygmy forms.
They appear in the Australian fossil record in the
Miocene, and today Australia plays host to half of

the world’s varanid diversity.

The fossil record of monotremes is very sparse,
so it is difficult to interpret the phylogeny and
biogeography of the group. It is most likely that

Living Australia

Maintenance

- Species radiation/diversification > <+— of —>
diversity
Warm/wet
Limestone, . . - .
coal, Reg|cl>‘ngln|nstab|hty Pliocene transition Windy
; Hill" gap world
rainforest
Cold/dry
- 60
=0
- —120

I
20 18 16 14 12 10 8 6 4 2 0

Million years
[ I I I 1
1200 900 600 300 0

Distance (kilometres south)

they are an early offshoot of the Mammalia, Figure 3.13: Summary of the palaeoclimatic conditions in
. 5 he i leadi d Australia during the evolution of the arid-zone biota from
separating from the lincage leading to modern 20 Ma to present. The vertical axis represents sea-level, but is
mammals between the Early Jurassic and Early not to scale. The horizontal axis represents, at the top, time in

Cretaceous. The oldest monotreme fossils are from millions of years before present and, at the bottom, distance

that the continent of Australia was further south than at present.

the Early Cretaceous of Australia and represent a Development of cycling of climatic conditions and sea-level
Variety of groups, including platypus-like, but not changes is evident through the Pliocene and Pleistocene.

. . . . Shading indicates warm/wet vs cold/dry climatic conditions.
echidna-like, forms. The oldest echidna fossils

are Miocene in age. A platypus-like fossil from

(Source: modified from Byrne et al., 2008)

the Paleocene of Argentina indicates that the
monotremes were a Gondwanan lineage, but that
they became extinct on the other Gondwanan
continents, only surviving in Australia, and
spreading to New Guinea as proximity and lowered

sea-level allowed.

Dasyurids are mostly nocturnal carnivores and
insectivores. They include the modern quolls,

dibblers, false antechinuses, marsupial mice,

Sea-level (metres)
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Fossil skull of a Miocene platypus,
Obdurodon dicksoni, from Riversleigh,
western Queensland.

kowaris, mulgaras and the Tasmanian devil. The
oldest fossil dasyurids are from the early Miocene
(ca 17 Ma), with molecular data indicating a middle
to late Oligocene origin, with dasyuromorphs as
a whole (dasyurids, numbats and thylacinids)
diverging from other marsupials in the Paleocene
to Eocene. Miocene fossils indicate that the
marsupial moles evolved in rainforest habitats
and were pre-adapted for digging in sandy soil as
the continent dried out in the late Cenozoic. The
two remaining marsupial mole species are today
restricted to the continent’s northern and central

sandy deserts.

The drying

In pockets of southwestern and southeastern
Australia, there was a transient resurgence in
Nothofagus (Fuscospora, Lophozonia), accompanied
by peaks in rainforest conifers, during the early
Pliocene (ca 4.5 Ma), but, otherwise, the trend
towards Acacia, Casuarina, Eucalyptus and low,
open communities dominated by Asteraceae
(e.g. daisies), Chenopodiaceae (e.g. sampbhire),
Gyrostemonaceae (e.g. corkybark) and Poaceae (true
grasses) continued (Figure 3.13). An alternation
of cool rainforest communities with low, open
communities, suggesting climatic swings, is evident
in probable Pliocene sediments underlying Lake
George, near Canberra. Two xerophytes (Eucalyptus
spathulata and Stirlingia), which first appear across
southern Australia in the late Miocene, had become
confined to the southwestern Western Australia by

the end of the Pliocene.

At about the end of the Pliocene (cz 2.6 Ma),
across southeastern Australia there were marked

declines in cool temperate rainforest and wet

heath taxa (Figure 3.13). Many of the taxa that
disappeared from the southeastern Australian
pollen record survived in the northeast, where
the changes to the flora were not as pronounced.
However, Nothofagus (Brassospora) seems to have
disappeared from the northeast at this time.
Almost all of the taxa that declined in southeastern
Australia  have relatives whose predicted
temperature ranges should have permitted them
to survive at these high latitudes. It is, therefore,
unlikely that a temperature decrease alone led to
these extinctions, and most likely that increased
climatic variability and reduced precipitation were
involved. It has been suggested that there was a
switch from predominantly summer to winter
rainfall at this time in southeastern Australia, due
to intensification and northward movement of the
mid-latitude high-pressure belt with the continued
development of the Antarctic icecap, but this event
is now considered to have occurred later, during
the mid-Pleistocene transition (Figure 5.5). It also
appears that the decline in rainforest taxa in
southeastern Australia at the end of the Pliocene
has been exaggerated, since one recently analysed
early Pleistocene pollen site has revealed the
local survival of rainforest as diverse as any in
the Australian Cenozoic, although it was clearly

surrounded by sclerophyll forests.

The discovery, in 1994, of a small stand of the
araucarian  Wollemia nobilis (Figure 3.14)—a
taxon unknown from the spore-pollen record
since the Pleistocene—in the Blue Mountains of
New South Wales demonstrates the ability of the
rainforest to survive in small patches protected

from fire through considerable periods of time.
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Pollen indistinguishable from that of the modern
Wollemi pine, and referred to the fossil genus
Dilwynites, has long been known from the fossil
record, and occurs from the Late Cretaceous
through most of the Cenozoic of Australia,
Antarctica and New Zealand. There are close
links too with macrofossils, such as the lanceolate
linear leaves known from the mid-Cretaceous
Winton Formation of Queensland (Figure 3.14).
In northeastern Australia and probably along most
of the eastern seaboard, the vegetation in the early
Pleistocene continued to be dominated by drier
araucarian forest; wetter rainforest was restricted
to coastal and montane areas. Little is known
about the vegetation in the more arid centre of
the continent, but records from the similarly arid
northwest indicate that it was probably hummocky
grassland with a sparse, open Acacia canopy, or

savanna grassland with a Casuarina canopy.

Toward the end of the Early Pleistocene (cz 1 Ma),
there were marked changes in the vegetation of the
northeast. There was an increase in importance of
mangroves, which seems to have been facilitated
by strong progradation at the end of glacial
cycles, a suggestion supported by the close
relationship between peaks in mangrove pollen
and the glacial-interglacial transitions. Mangrove
growth may also have been facilitated by increased
sea-surface temperatures in the Coral Sea and
associated development of the Great Barrier
Reef (Chapter 6), which would have provided
protection for mangrove expansion. By contrast,
higher temperatures, resulting from an increasing
latitudinal thermal gradient in combination with

increasing amplitude of climate cycling between

Living Australia

warm, wet interglacial and cool, dry glacial
intervals, may have placed sufficient stress on
the cool, temperate conifers to bring about their

gradual elimination.

The first evidence of Quaternary vegetation in
monsoonal northwestern Australia indicates the
dominance of eucalypt savanna through at least the
last 500 ka. Changes in tree density resulted from
monsoon intensity related to a combination of
Northern Hemisphere—driven glacial-interglacial
cyclicity and regional Southern Hemisphere
insolation. Sustained changes in vegetation under
progressively drier and/or more variable climatic
conditions and altered fire regimes are recorded
broadly over the continent within the last 200 ka or
so. The major response was in the northeast, where
araucarian forest began a dramatic decline relative
to eucalypt woodland from around 130 ka, while
wetter forest elements, such as palms and ferns, were
substantially replaced by grasses along the coastal
plains about 175 ka. This influence extended to
northwestern Australia, where there is evidence for
a shift to a more open canopy in savanna woodland
and a loss of drier rainforest, while, down the east
coast of the continent, the most marked change was
the demise of Casuarinaceae and minor rainforest
elements relative to Eucalyptus from about 130 ka.
In addition, Cunoniaceae (e.g. modern Christmas
bush) and Quintinia (possumwood) disappeared
from Tasmania, while Phyllocladus (celery-top pine)
and Gunnera (Tasmanian mudleaf) disappeared
from the mainland and are now restricted to
Tasmania. The geographical pattern of decline
tends to reflect the initiation or intensification of
the El Nifio—Southern Oscillation (ENSO) climate

phenomenon around this time (Figure 1.5).

Figure 3.14: Foliage of Wollemia nobilis and a close relative from
the Cretaceous. (a) Foliage of Wollemia nobilis, showing transition
from juvenile foliage (in two ranks) to adult foliage (in four ranks).

(b) Cretaceous fossil juvenile twig of an araucarian conifer from
the Winton Formation, western Queensland.
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3.2: Ten of the most
venomous snakes in the world are
native to Australia

The LD50 test is a scale that measures the potency
of a snake’s venom. It refers to the amount of venom
that, when injected into mice, kills 50 per cent of
those injected. So the smaller the amount of venom
to reach LD50 (median lethal dose), the more
potent is the venom. Using this as the criterion, the
10 most venomous snakes in the world are native
to Australia, according to the Australian Venom
Research Unit at the University of Melbourne.
Of these, the five most venomous are:

1. inland taipan (fierce snake)}—Oxyuranus
lepidotus

2. eastern brown snake—Pseudonaja textilis
3. coastal taipan—Oxyuranus scutellatus

4. tiger snake—Notechis scutatus

5. black tiger snake—Notechis ater.

The mosttoxic venom of snakes not native to Australia
is that of the Asian cobra. However, the median
lethal dose of cobra venom is 22.5 times that of the
inland taipan. Despite the extreme toxicity to mice
of the venom of Australian snakes, far fewer people
(2-3 per year) are killed by Australian snakes than
by snakes on other continents, probably because
of the widespread availability of anti-venom, our
sparse human population, or the more urbanised
nature of Australia. It has been estimated that
worldwide there may be as many as 125 000 deaths
from snakebite per year. The reason why Australian
elapid snakes are so venomous is unknown.

Although recent analyses of charcoal records
in Australia have tended to indicate a strong
relationship between fire and climate, many
changes—the most conspicuous being the rapid
demise of Araucaria in the northeast and the
disappearance of several coniferson the southeastern
mainland around 40 ka—suggest that burning by
Aboriginal people had some impact, especially
given the weight of archaeological evidence for
continental colonisation at this time and the lack
of correlation with a major global climate event. As
a result of the combination of events during the late
Quaternary period, it is likely that environmental
conditions were most extreme during the height
of the last glaciation, around 25-20 ka, and that
vegetation recovery during the present interglacial
(Holocene) has been restricted by the loss of some
components of the plant landscape and an increase

in fire-tolerant and fire-promoting communities

(Box 3.4).

Among the fishes, and besides the Cretaceous
relicts and catfishes, the majority of the larger
species in Australian freshwaters are various forms
of percoid (perch-like teleosts). South of the
tropics, including in the Murray—Darling Basin,
these are predominantly percichthyids—notable
forms include the Murray cod, golden perch,
Australian bass and river blackfishes, as well as
the smaller pygmy perches. In warmer areas, the
coastal drainages abound with diverse terapontids
(grunters, spangled perch) alongside archerfishes,
jungle perch and the iconic barramundi
(Lates calcarifer, actually a widespread catadromous
giant perch that is distributed throughout tropical
Indo—West Pacific). Major groups of smaller fishes

include colourful goby-like forms (true gobies

and eleotrid gudgeons) and endemic radiations of
non-percoids like the atheriniforms (hardyheads,
Australasian rainbowfishes and blue-eyes) and, in
cooler areas, the osmeriforms (Australian smelt,

galaxiids and the endemic salamanderfish).

Away from the major drainages, the predominantly

arid  Australian landscape presents special
challenges for freshwater fishes, with local species
exhibiting striking adaptations for life under
extreme conditions. In Witjira National Park,
on the western fringe of the Simpson Desert in
South Australia, gobies, catfish and hardyheads
live in spring-fed billabongs with temperatures
rising to more than 40°C. The salamanderfish
(Lepidogalaxias) of southwestern Australia dwells
in acidic ephemeral pools where the pH may be
as low as 3.0, aestivating in the sand when the
water evaporates over summer. Beneath the Cape
Range Peninsula of Western Australia, blind
milyeringid cave-gudgeons navigate through
sunless subterranean lakes that experience extreme
shifts in salinity, low oxygen levels and layers of

noxious HZS.

The largest known Australian frog was the
cane toad-sized Etnabatrachus maximus from
the Pleistocene of Mt Etna, Queensland. It is
provisionally assigned to the Hylidae, of which
the largest living Australian frog (white-lipped
tree frog, Litoria infrafrenata) is also a member.
More recent arrivals from Asia are the microhylids
and one species of ranid that have colonised the
wetter parts of the tropical north. The bufonids
(true toads) were unknown in Australia until the
introduction of the cane toad (Bufo marinus) in
the 1930s, with disastrous consequences for the

native fauna.

SHAPING A NATION | A Geology of Australia



The environmental extremes of Australia have
forced many frogs to adopt innovative survival
and reproductive strategies. The water-holding
frog (Litoria [ Cycloranal platycephala—actually an
aberrant ‘tree frog’) survives drought by cocooning
itself underground, with large amounts of water
stored in its bladder, and aestivating for several
years, if necessary. Some myobatrachids dispense
with free-swimming tadpoles, raising their young
in hip ‘pockets’ (Assa) or even inside the stomach
(Rheobatrachus). Much of Australia’s unique frog
fauna is in decline, with several species critically
endangered or feared extinct. Threats include
habitat destruction, feral animals, climate change

and infection from chytrid fungus.

For much of the Cenozoic, soft-shell turtles (family
Trionychidae) were abundant in the region, but
they vanished from Australia in the Pliocene
(remaining abundant elsewhere in the tropics).
The meiolaniids grew into horned behemoths
(Meiolania, Ninjemys), but perished with most of
the megafauna in the Late Pleistocene. The final
representatives of this ancient family persisted on
remote Pacific islands until well into the Holocene.
Side-necked turtles (family Chelidae) appeared
in the Australian record during the Miocene,
presumably having arrived from South America
(where they appeared in the Cretaceous) via
Antarctica, and became the dominant freshwater

turtle group.

Living Australian cryptodires (those that retract
their necks into the shell in a vertical plane)
comprise six species of sea turtle (including
the regionally endemic flatback turtle) and the
freshwater pig-nosed turtle (Carettochelys insculpta)

Living Australia

of the Northern Territory and southern New
Guinea. The latter is the sole survivor of a family
that was diverse and widespread in the Eocene.
Although much of the arid interior is devoid of
turtles, the side-necked turtles are abundant in
most freshwater habitats in the remainder of
the continent, with major centres of diversity
in the “Top End’ of the Northern Territory and
the Fitzroy—Dawson drainage system of eastern
Queensland. Some have evolved highly specialised
habits, like the critically endangered western
swamp tortoise (Pseudemydura umbrina) that lives
in ephemeral pools and aestivates underground
through the baking summer, and the Fitzroy
turtle (Rheodytes leukops) that rectally acquires
oxygen from the surrounding water via a highly

vascularised cloaca, hardly ever surfacing for air.

The last

vanished in the late Pleistocene, but the group

Australian mekosuchine crocodiles
persisted on remote Pacific islands (New Caledonia,
Vanuatu) until the arrival of humans in those
lands only a few thousand years ago. The two
living crocodile species of the Australian north
belong to the pantropical genus Crocodylus and
are comparatively recent additions to the local
fauna. The saltwater crocodile (C. porosus), the
largest living reptile, is widespread throughout
the tropical Indo-Pacific and arrived in Australia
in the Pliocene or latest Miocene. The endemic
freshwater crocodile (C. johnstoni) appeared in
the Pleistocene of Queensland, probably evolving

from ancestral C. porosus stock.

Prudent Australian bushwalkers are all too aware of
the presence of the venomous Elapidae in Australia
(Did you know? 3.2), the family that includes most

of Australia’s iconic snakes (taipan, brown snakes,

Did

ou
ow?
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3.3: Goannas and dragons are
venomous too

It has recently been discovered by researchers at
the University of Melbourne that agamid (including
the bearded dragon) and varanid lizards (including
Mitchell’s water monitor and lace monitor) are
venomous. Bites from some species can cause
swelling, pain, disruption of blood clotting and
a decrease in blood pressure and may paralyse
small prey.

© Getty Images [P Nevin]

Figure DYK3.3: The bearded dragon (Pogona sp.) is
known as ngarrang by the Dharawal people from the
Sydney region.
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O Two intertwined coastal taipans

(Oxyuranus scutellatus).

tiger snakes, death adders, etc.), along with the sea
snakes (as well as cobras, kraits, mambas and coral
snakes on other continents). Australians can take
pride in knowing that theirs is the only continental
herpetofauna where the venomous outnumber
the non-venomous snakes, in both abundance
and diversity. Molecular evidence indicates that
Australian elapids and sea snakes form a group
exclusive of the rest of the family, with the sea snakes

evolving from terrestrial Australian ancestors.

About half the world’s python species (Pythonidae)
are found in Australia. The largest Australian snake
(the scrub python, which exceeds 5 m in length) is
of this family. Most of the locals are much smaller,
however, including the world’s smallest python, the

50 cm long Antaresia perthensis.

Of the remaining families, the blindsnakes
(Typhlopidae) are a widespread, primitive
family of burrowers that resemble oversized
earthworms, with more than 30 Australian species
(Ramphotyphlops spp.). Colubrids, locally including
a collection of tree snakes and water snakes, are the
most diverse family in the world, but are represented
in Australia by only a handful of species, most of
which are shared with New Guinea and Indonesia.
They include both non-venomous and rear-
fanged (as opposed to the front-fanged elapids)
venomous species. Filesnakes (Acrochordidae) are
flabby, aquatic species; the distributions of two
widespread South-East Asian species extend to

northern Australia.

Most Australian gecko species belong to a regionally
endemic radiation, comprising the diplodactyline

geckos (knob-tailed, leaf-tailed and velvet geckos)

and the Australasian legless lizards (pygopods),
which have clearly been here for a very long time.
The legless lizards are the most heavily modified
of this group (traditionally separated into their
own family), having lost their functional limbs,
with some evolving a highly kinetic skull to assist
in swallowing large prey. Also in Australia are the
more globally widespread gekkoines that arrived in

the region more recently.

With great endemic diversity, some of the
most distinctive Australian lizards are agamids
(Figure 3.15), including the frill-necked lizard
(Chlamydosaurus), the thorny devil (Moloch) and
bearded dragons (Pogona; Did you know? 3.3).
Many of the local forms are arid adapted, while
surprisingly sparse in rainforest (given their
abundance in tropical Asian jungles), being
represented here by only two species of angle-heads
(Hypsilurus; Figure 3.15).

The skinks (Scincidae) are the most diverse saurian
group on the continent (and globally), with well
over 300 Australian species described. These
adaptable reptiles are found everywhere, from
baking deserts to the summit of Mt Kozsciusko.
The familiar blue-tongues and shinglebacks
(Tiliqua species; Figure 3.15) are among the largest
skinks in the world. The Australian assemblage
is highly endemic; few genera extend beyond
southern New Guinea, and much of the diversity
is probably locally derived rather than the result of

repeated invasions.

At well over 2 m in length, the perentie (Varanus
giganteus; Figure 3.15) is the biggest lizard in the
modern outback. Its larger cousin, the Komodo

dragon (Varanus komodoensis) had its origins
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in Australia before migrating to Indonesia, as
it is present in Queensland Pliocene deposits.
Both were dwarfed by the Megalania (Varanus
priscus), a 5.5 m-long colossus that was the largest
terrestrial predator of Pleistocene Australia and
may have survived long enough to terrorise the
first human arrivals.

Most of the bird lineages that appear in the fossil s ik e L ﬂ"f‘f:,%l

record in the Oligocene to Miocene still occur in
Australia. The story of the flamingos is unusual,
in that they were quite diverse in Australia during
the Miocene to Pleistocene, but became locally
extinct as increasing aridity in central Australia led
to the large waterbodies, which they frequented,

becoming ephemeral rather than permanent.

By the Pliocene (caz 5.5 Ma), the number of birds
invading from the north had increased, with the
black-necked stork (sometimes called jabiru;
Figure 3.16), ibis, swamphen and bustard, among
others, appearing in the fossil record. At this
time, the avifauna had essentially developed its
modern character (Figure 3.16). The radiations of
the inherited Gondwanan taxa comprised about
80% of the fauna, and the remainder comprised
post-Oligocene immigrants. The Gondwanan
forms had diversified greatly, but the immigrant
species did not diversify much (except for the
grassfinches), probably because of their relatively

recent arrival coupled with the prior occupation of ) 4 . .
Figure 3.15: Representative Australian lizards. (a) Perentie

most of the available niches. (Varanus giganteus), Australia’s largest varanid. (b) Spiny-tailed

gecko (Strophurus spinigerus). (c) Gippsland water dragon

The monotremes are now known from only three (Physignathus lesueurii howittii), an agamid. (d) Bobtail skink

genera: the platypus (Ornithor/oync/ms) and two Tiliqua rugosa rugosa). (Source: © Getty Images [J Cancalosi]).
e) Boyd’s forest dragon (Hypsilurus boydii), an agamid.

genera of echidna (Z7achyglossus and Zaglossus). The

Source: © Getty Images [M Harvey]). (f) Burton’s legless lizard

platypus is restricted in its range to the eastern Lialis burtonis), a pygopodid.

mainland and Tasmania, whereas the short-beaked
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echidna (Zachyglossus; Figure 3.17) is known from
Tasmania, mainland Australia and New Guinea.
The several species of long-beaked echidna
(Zaglossus) are known only from New Guinea and

from fossils on mainland Australia.

The last remaining thylacine species, the Tasmanian
tiger, still survived on the mainland until about

4 ka and lingered on in Tasmania until the 1930s.

Of the previously very diverse vombatiforms, only
one species of koala survives in the woodlands
of South Australia, Victoria, New South Wales
and Queensland. The wombats are currently
represented by three species in two genera; they are
mostly restricted to the eastern and southeastern

mainland and Tasmania.

The diverse and large diprotodontids completely
disappeared in the late Pleistocene, possibly only
a few thousand years after the arrival of humans
on the continent. Similarly, their main predator,
the marsupial lion 7hylacoleo carnifex, also became

extinct at about the same time.

The phalangeriforms are widespread in Australia,
New Guinea and Sulawesi, having spread to
the latter two as Australia approached from the
south. Some of this group have proven to be very
adaptable, with the common brushtail possum
being found over most of the continent, from arid
woodland in central Australia to cool temperate
forests and even in tropical rainforests along the east
coast. It is also commonly found in suburbia and is
the marsupial most commonly seen by inhabitants
of Australian cities. It was introduced to New
Zealand in the late 1800s and, without any natural
predators, its population increased dramatically,

such that it is considered a pest there.

There are nearly 80 species of Macropodidae
(wallabies, kangaroos, wallaroos, pademelons,
Dorcopsis, tree kangaroos, potoroos and the quokka;
Figure 3.17), and they are widespread throughout
the continent, having diversified at the expense of

their extinct relatives the Balbaridae.

The numbat (Figure 3.17) is the only living species
of myrmecobiid, and there are no pre-Pleistocene
fossils of the group; those from the Pleistocene
belong to the modern species. Molecular data
indicate a much older origin, of about late

Oligocene, for this group.

The rodents (Figure 3.18) are the planet’s most
spectacularly successful group of mammals, with
the number of extant species roughly equalling
that of all other groups of mammals combined.
The oldest rodent fossils are from the late
Paleocene (cz 58 Ma) of North America, and it is
most likely that they evolved in Laurasia (modern
North America, Europe and Asia). They had
spread to Africa and South America by about the
end of the Paleogene (ca 23 Ma), but, because
of Australia’s isolation, they did not reach this
continent until the late Miocene or early Pliocene
(ca 6 Ma), presumably invading from the north as
Australia approached South-East Asia. Australian
rodents now represent about 25% of all mammal
species on the continent, and all come from the
family Muridae (true rats and mice); they include
hopping mice (Figure 3.18), tree rats, rock rats and

water rats.
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Figure 3.16: Representative Australian birds.

(a) (opposite) Rainbow lorikeets (Trichoglossus haematodus).
(Source: Shane Cridland and the Australian Government
Department of Sustainability, Environment, Water, Population
and Communities). (b) Black-necked stork (sometimes called
jabiru in Australia; Ephippiorhynchus asiaticus). (Source: © Getty
Images [J&C Sohns]). (c) Splendid fairy wren (Malurus splendens).
(d) Kookaburra (Dacelo novaeguineae). (Source: © Getty Images
[S Turner]). (e) (opposite) Sulphur-crested cockatoo (Cacatua
galerita). (f) Southern cassowary (Casuarius casuarius). (g) Gouldian
finch (Erythura gouldiae). (Source: except where noted, Brian
Furby collection)
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Figure 3.17: Representative Australian monotremes and
marsupials. (a) Short-beaked echidna (Tachyglossus aculeatus).
(Source: © M Cohen, Lonely Planet Images). (b) Fat-tailed dunnart
(Sminthopsis crassicaudata). (Source: © Getty Images [T Mead]).
(c) Numbat (Myrmecobius fasciatus). (Source: A White, University
of New South Wales). (d) Bilby (Macrotis lagotis). (Source: Arid
Recovery). (e) Tiger quoll (Dasyurus maculates). (Source: A White,
University of New South Wales). (f) Eastern grey kangaroo with
joey in pouch (Macropus giganteus). (Source: © Getty Images

[G Lewis])

Arrival of humans

The first humans to leave Africa were members of
Homo erectus, reaching China by perhaps as early
as 2 Ma and Java by as early as 1.6 Ma. Although
H. erectus reached Java and Flores, there is no
evidence for their presence on Borneo, Sulawesi,
New Guinea or Australia (Figure 1.2). It has been
suggested that this is because H. erectus was only
capable of crossing small ocean barriers, perhaps
where the destination island could be seen from
the departure point. This was perhaps why
travelling from the Asian mainland down through
the Sunda Arc was possible, but travelling to the
larger islands to the north (Borneo, Sulawesi) or

the east (New Guinea, Australia) was not.

Homo sapiens (modern humans) appeared in Africa
about 250 ka and initiated a wave of migration
about 100 ka. They reached India by 70 ka,
Europe by 50 ka (where they encountered Homo
neanderthalensis), Australia and the large islands of
South-East Asia by 6040 ka (having encountered
Homo floresiensis along the way), North America
by 30 ka and South America by 15 ka. From this
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rapid dispersal, it is clear that Homo sapiens, unlike
H. erectus, was capable of undertaking significant

ocean journeys.

Aboriginal people reached Australia during the
last glacial phase, which, at its subsequent climax
around 20-18 ka, saw sea-levels fall to around
125 m below present levels, making ocean barriers
less intimidating and exposing the seafloor
between New Guinea and Australia, such that

travel between them could be on foot (Figure 1.2).

Aboriginal people mostly remained nomadic hunter
gatherers until well after Europeans arrived in
Australia, although it is clear that, in the southeast,
along the Murray and Darling River systems
(Victoria—New South Wales) and along some of
the coastal rivers in Victoria, there were seasonal

settlements based around fish and eel trapping.

Although it is clear that the megafauna of Australia
was in serious decline through much of the
Pleistocene, largely because of the drying out of
the continent, it is possible that the coup de grace
was delivered to many species belonging to the
megafauna by the arrival of the first humans on
the continent, as a result of either hunting or
concomitant changes to the fire regime and hence
the vegetation. Firestick farming, as it has been
called, involved regular use of fire in certain seasons
to facilitate hunting and foraging, and to change
the composition of plant and animal species in the
area being burnt. It has been considered that this
changed the vegetation of the continent, with an
increase in more fire-tolerant species, the spread of
fire-dependent species and the transformation of

scrublands into grasslands, leading to a decline in
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browsers and an increase in grazers. However, as

previously mentioned, the evidence for these fire
impacts from analysis of charcoal is very limited
temporally, with fire activity being closely related
to climate change. Indeed, evidence of a major and
sustained decline in megafaunal dung fungi just
before the increase in charcoal, and the beginning
of the replacement of araucarian rainforest by
sclerophyll vegetation in a recent high-resolution
record from Lynch’s Crater in north Queensland
from around 43 ka, suggests strongly that the
increase and impact of burning were a result of

megafaunal demise, presumably through overkill.

The arrival of humans on the continent led to
the concomitant introduction of many and varied
species of plants and animals. Perhaps the first of
these was the dingo (Figure 3.18). The dingo is
related to the wild dog of South-East Asia and is
genetically very similar to most domestic dogs.
Molecular studies indicate that a small founding
group of dingoes arrived in Australia about 5 ka.
They are now the largest terrestrial predator on the
continent and are widespread on the mainland,

but are not found in Tasmania. It is thought that

Figure 3.18: Representative Australian placentals. (a) Dingo

(Canis lupus dingo). (Source: Arid Recovery). (b) Large-footed
myotis (Myotis macropus). (Source: Arthur White, University of
New South Wales). (c) Spinifex hopping mouse (Notomys alexis).
(Source: Arid Recovery)
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dingoes may have been one of the factors leading
to the extinction of the preceding largest terrestrial
predator, the thylacine, on the mainland about
4 ka; in Tasmania, where there are no dingoes, the
eventual extinction of the thylacine in the 1930s

was caused predominantly by bounty hunting.

More humans

The first European landfall on the continent of
Australia was made by Willem Janszoon on the
west coast of Cape York Peninsula, Queensland,
in 1606, during an exploratory voyage in his ship
Duyfken. However, it was not until 1788 that
Europeans began to arrive in numbers, when a
fleet of nine transports accompanied by two Royal

Naval escorts arrived in Botany Bay.

Apart from the dingo, most of the remaining
invasive species have been introduced deliberately
since European settlement. Invasive species are
non-indigenous organisms that adversely affect
the ecosystems they invade. Invasive animals can
impact native species by parasitism, predation,
competing for food and nest sites, damaging
habitat and spreading disease. Invasive plants can
impact native species by parasitism, hybridisation,
displacement, altering the fire regime, altering
soil properties and decreasing water availability

(Figure 3.19).

In 1859, about two dozen rabbits imported from
England were released on a farm near Winchelsea
in Victoria for the purposes of hunting. Within
10 years, as many as 2 million were shot or trapped
annually and, by 1950, the population was

estimated at about 600 million. Rabbits eat plant

species that are also part of the diet of such native
animals as bilbies, and will sometimes take over
their burrows. Biological control measures have
proven to be the most effective, with the myxoma
virus in the 1950s and the calicivirus in the 1990s
dramatically decreasing the rabbit population.

However, the population is again on the increase.

Perhaps a more well-meaning introduction was
that of the cane toad. A native of Central and South
America, it was introduced from Hawaii in 1935 to
combat the cane beetle, which was attacking sugar
cane crops on the eastern seaboard. Unfortunately,
it did not have a significant effect on the cane
beetle, but its spread across much of tropical
Queensland and the Northern Territory, coupled
with the toxicity of its skin secretions, has led to
significant decreases in the populations of some
varanid lizards (e.g. Mertens” water monitor), the
Johnston River crocodile, and marsupial predators
such as the northern quoll. Other land animals
that have had a significant impact on Australia—
either by predation on native species, or damage to
native vegetation, crops or pasture—include foxes,
mice, cats, dromedary camels, goats, donkeys, pigs
and water buffalo (Figure 3.19).

Since European arrival, several imported species
of freshwater fish have become established,
either deliberately introduced for sport (trout,
carp, redfin perch) or pest control (Gambusia), or
else liberated from aquaria as escapees or discards
(cichlids). Nearly all have had a negative impact
on the local biota, particularly the European
carp, whose benthic feeding habits have degraded
many freshwater habitats in the southeast.

Native Australian species have generally fared

poorly, owing to habitat destruction, disease
and competition from introduced fishes. Several
endemic species, including the trout cod, barred
galaxias and red-finned blue-eye, are in danger of

extinction without strong conservation measures.

Similarly, invasive bird species such as the Indian
myna (Figure 3.19), starling, sparrow and common
pigeon have had a damaging effect on native

bird species.

Invasive plants are numerous in Australia; some of
the worst are alligator weed, blackberry, lantana,
mimosa, Paterson’s curse, prickly pear, giant
salvinia, serrated tussock, water hyacinth and
willow. Many of these were deliberately imported
as ornamental plants. Although some have been
largely eradicated by biological control, weed
control still costs the Australian economy about

$4 B per year.

Invasive arthropods are also present in Australia.
They have ecither been introduced accidentally
(e.g. red fire ant, Argentine ant, Portuguese
millipede, European wasp—Figure 3.19) or have
been introduced on purpose and have developed
feral populations (e.g. the honey bee). Most of
these compete with, or are predators on, native
arthropods, but do not have a direct economic
impact. However, there are occasional economic
costs. The Portuguese millipede was accidentally
introduced into South Australia in the 1950s and
has spread across the southern half of the continent.
It has no natural predators and can reach plague
proportions, to the extent that it has occasionally
disrupted train services, the large number of
squashed carcasses preventing drive wheels from

gaining sufficient traction on railway lines.
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Figure 3.19: Some invasive species. (a) Indian myna
(Acridotheres tristis). (Source: © Getty Images [C van Lennep]).
(b) European red fox (Vulpes vulpes crucigera). (Source: Arthur
White, University of New South Wales). (c) Giant salvinia
(Salvinia molesta), with cane toad. (Source: Buck Salau). (d) Cane
toad (Bufo marinus). (Source: D McRae). (e) European wasp
(Vespula germanica). (Source: Local Government Association of
South Australia). (f) Feral pig (Sus scrofa). (Source: Buck Salau)
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Extinctions

Extinctions have always occurred; indeed, the
overwhelming majority of the species that have
ever existed are now extinct (Figure 3.8). In
modern Australia, the rate of extinctions seems to
be increasing. Since European settlement, more
than 50 vertebrate species have become extinct.
These include both species of gastric-brooding
frog, King Island emu, paradise parrot, desert rat
kangaroo, Toolache wallaby, lesser bilby, thylacine
and numerous others. The precise reasons for
each of these extinctions are uncertain, but it is
most likely that clearing for agriculture, hunting,
predation by foxes and cats, and changes to fire
regimes are the prime causes for the extinction
of the birds and mammals, while the introduced

chytrid fungus is suspected in the frog extinctions.

Since European settlement, nearly 50 plants have
become extinct. These include Acacia kingiana,
Diel’s wattle, Daintree’s river banana, short spider-
orchid, robust greenhood and many others.
The reasons for each of these extinctions are
uncertain, but it is suspected that land clearing for
agriculture, competition with introduced species,
grazing and changes in the fire regime are the most

likely causes.

Several invertebrates are known to have become
extinct, but, as less than half the invertebrate
species have been described, let alone studied in
detail, it is likely that many more than we know

have disappeared.

In addition to those plants and animals that are
already extinct, another 130 vertebrate species and

more than 600 plant species are threatened with

extinction. It is almost impossible to estimate
how many of the remaining 225 000 Australian

invertebrates are endangered.

The living economy

Because there are no large-seeded grasses native to
Australia and no legumes that have been suggested
as more than a supplement to pasture in marginal
environments, and because of the aridity of most of
the continent, it is not surprising that agriculture
did not originate on the Australian continent, as
it did in some other parts of the world early in
the Holocene. Indeed, broadacre and other forms
of agriculture, despite having been in Australia
for more than 200 years, still use almost entirely
imported species for large-scale farming. The only
native species now used as a large-scale commercial

food crop is the macadamia nut.

The top 10 export commodities, which together
provide 65% of the $230 B in export earnings for
Australia, include six variously related to living
systems. The most closely related of these are beef
and wheat, which are grown from introduced
species by means of broadacre agriculture. Three of
the commodities are fossil fuels (coal, natural gas,
crude petroleum) derived from the anaerobic decay

of mostly Ordovician to Eocene plant and algal

The extinct thylacine (Thylacinus cynocephalus), also
known as the Tasmanian Tiger, was a carnivorous marsupial
that weighed up to 30 kg. It was the only member of the
family Thylacinidae to survive into modern times. The last
known thylacine died in Hobart Zoo in 1936.

© Getty Images [Nature Source]
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Koala (Phascolarctos cinereus) was once widespread across eastern Australia. Hunting and land clearing practices in the
19th and 20th centuries saw numbers decline dramatically. In eastern Australia, they are now classified as vulnerable
and have been added to the threatened species list.

remains. The last of the six, iron ore, was laid down
in huge deposits in Western Australia as a direct
result of the oxygenation of the atmosphere brought
about by the evolution of photosynthetic bacteria.

Of the remaining commodities exported, about
one-third are derived from living material. They
include alcoholic beverages, meats other than beef,
wool, dairy products, live animals, woodchips
and paper, barley, fish, crustaceans, fruit, nuts,
vegetables, leather and hides, peartls, cotton and

numerous others.

Final comments

Life has left an indelible mark on the planet and
on Australia. Photosynthetic bacteria oxygenated
the atmosphere, giving rise to the huge iron
ore deposits in Western Australia and on other
continents. The oxygen in the atmosphere
allowed complex, multicellular life to evolve.
Several hundred million years later, some of these
multicellular organisms formed huge peatlands
that gave us most of our enormous energy resource
of coal, oil and gas. Many millions of years later,
one of these complex species studies the geological
history of the continent and writes books about
how that history has shaped us. Although Australia
has not been part of Gondwana for many millions
of years, life on our continent has a Gondwanan
heritage. The tectonic history behind that heritage

is outlined in the next chapter.
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