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• Australian rainforests have their origins in the 
Cretaceous, about 80 million years ago, and 
probably reached their peak diversity during a 
period of optimal climate around 40-25 mya

• This optimal climate was mild, everwet and 
had very high atmospheric carbon dioxide 
levels

• Many living genera were present then and 
rainforest diversity was much higher than 
today
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• What happened to these rainforests?

• The geographic area we know best is 
Tasmania

• The once highly diverse and complex 
Tasmanian rainforests simplified over a long 
time in response to a deteriorating climate by 
doing the following:



Cupules of Cupules of NothofagusNothofagus subgenus subgenus BrassosporaBrassospora

Some species migrated northwards into the tropics





NothofagusNothofagus mooreimoorei now now 
occurs in northern NSW, occurs in northern NSW, 
and obviously has much and obviously has much 
larger leaves than the larger leaves than the 
Victorian/ Tasmanian                Victorian/ Tasmanian                
N. N. cunninghamiicunninghamii..

Other species pairs include Other species pairs include 
AcradeniaAcradenia euodiiformiseuodiiformis (NSW) and (NSW) and A. A. 
frankliniaefrankliniae (Tas.); (Tas.); AnopterusAnopterus 
macleayanusmacleayanus (NSW) and (NSW) and A. A. 
glandulosusglandulosus (Tas.); (Tas.); EucryphiaEucryphia 
mooreimoorei (NSW) and (NSW) and E. LucidaE. Lucida//E. E. 
milliganiimilliganii (Tas.)(Tas.)

Some species migrated northwards but left highly 
evolved descendants in place



Leaf and Leaf and cupulecupule fossils of fossils of 
NothofagusNothofagus subgenus subgenus NothofagusNothofagus 

from the Early Oligocene of from the Early Oligocene of 
TasmaniaTasmania

Some species became extinct in Australia, but survive 
in landmasses at similar latitudes



DiselmaDiselma, Balfour , Balfour 
(Oligocene, left), Little (Oligocene, left), Little 
Rapid River  (Early Rapid River  (Early 
Oligocene, middle),   Oligocene, middle),   
extant (right)extant (right)

Some species remain more-or-less unchanged 
in the region



GinkgoGinkgo leaf fossil from the leaf fossil from the 
PaleogenePaleogene of Tasmania (left) of Tasmania (left) 
and living and living G. G. bilobabiloba leaves leaves 
(above)(above)

Some species became extinct, either globally or in 
the Southern Hemisphere



Seed-fern
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What were the conditions that allowed such a What were the conditions that allowed such a 
diverse group of species to codiverse group of species to co--exist?exist?

•• An extinct climate, characterized by high, yearAn extinct climate, characterized by high, year-- 
round rainfall, with no dry season and a round rainfall, with no dry season and a 
compression of temperature extremes.compression of temperature extremes.

•• Extremely high atmospheric carbon dioxide Extremely high atmospheric carbon dioxide 
levels.levels.
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Rainforest was extensive across much of Australia 
35 mya. Why did this change?

• Rainfall became more seasonal, declined 
annually and eventually became unreliable 
across much of Australia. The summer/winter 
rainfall boundary moved north faster than 
Australia did.

• Temperatures changed, and most importantly, 
temperature extremes increased in both 
directions.

• As a result of the climate changes, fire increased 
in significance in Australia.





Palms in central Palms in central 
Australia around Australia around 
permanent water permanent water 
sources are probably sources are probably 
a relict of earlier, a relict of earlier, 
wetter timeswetter times.



Late Eocene ocean circulation patternsLate Eocene ocean circulation patterns



Modern ocean circulation patternsModern ocean circulation patterns







During the Cenozoic, the subtropical high pressure During the Cenozoic, the subtropical high pressure 
cell that controls the summercell that controls the summer--winter rainfall winter rainfall 
boundary moved northwards faster than Australia.boundary moved northwards faster than Australia.



With the drying out of Australia, plant litter 
accumulated, providing fuel for fires, and inevitably 
fire frequency and intensity increased.



Fire is an integral part of the Australian landscape



The Latrobe 
Valley coal offers 
a detailed insight 
into Australian 
fire history



The transition from The transition from mesicmesic to xeric vegetation with to xeric vegetation with 
height above the water table in the height above the water table in the LaTrobeLaTrobe ValleyValley



Atmospheric carbon Atmospheric carbon 
dioxide dioxide -- the great the great 

unknownunknown



R. Askin
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Fig. 3. (A) pCO2 estimates calculated from {epsilon}p37:2



Relative proportions of CRelative proportions of C33 and Cand C44 grasses in Australiagrasses in Australia









Antarctica todayAntarctica today Antarctica 35 MaAntarctica 35 Ma



Cretaceous and Cenozoic plant localities in AntarcticaCretaceous and Cenozoic plant localities in Antarctica



The Beardmore GlacierThe Beardmore Glacier



NothofagusNothofagus pollen was the first fossil discovered in pollen was the first fossil discovered in 
the Sirius Group sediments. It was presumed that the Sirius Group sediments. It was presumed that 
this pollen had been reworked from significantly this pollen had been reworked from significantly 

older sedimentsolder sediments



Fossil Fossil NothofagusNothofagus wood was later discovered in the wood was later discovered in the 
Sirius Group sediments. It was suggested that this Sirius Group sediments. It was suggested that this 

wood may also have been reworked.wood may also have been reworked.



Finally, a single bed of Finally, a single bed of NothofagusNothofagus leaves was discovered. These leaves was discovered. These 
are too fragile to have been reworked.are too fragile to have been reworked.



All stems of All stems of N. N. beardmorensisbeardmorensis are highly are highly 
asymmetrical, like the living species on the right and asymmetrical, like the living species on the right and 

with very small growth rings (<1mm).with very small growth rings (<1mm).



NothofagusNothofagus gunniigunnii, Australia, Australia’’s only winter deciduous speciess only winter deciduous species



Ellesmere Island in the Ellesmere Island in the 
Canadian Arctic Canadian Arctic -- an an 
analogue for Pliocene analogue for Pliocene 

Antarctica?Antarctica?



Arctic Willow Arctic Willow 
((Salix Salix arcticaarctica))

Flowers of Flowers of 
Arctic WillowArctic Willow



Climate estimates based on Climate estimates based on NothofagusNothofagus 
species in the Sirius Group sedimentsspecies in the Sirius Group sediments

Vanda Vanda 
StationStation

*Sirius*Sirius Sirius Sirius 
NothofagusNothofagus

SummerSummer +2+2°°CC --1010°°CC > +5> +5°°CC

WinterWinter --3636°°CC --4848°°CC ? ? --2222°°CC

MeanMean --1818°°CC --2828°°CC --1515°°CC

*based on a lapse rate of *based on a lapse rate of --0.650.65°°C/100m altitudeC/100m altitude







Slide courtesy of J.M. Bowler
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