Faculty of Sciences

Long term climate change and
plant evolution in Australia

Bob Hill

University of Adelaide, and

South Australian Museum

Life Impact The University of Adelaide

. THE UNIVERSITY

s’ OF ADELAIDE
hé’ AUSTRALIA
>




South
New Zealand America

Weddellian
Biogeographic

Province

- sy B Shallow water
Outline of present (= Weddellian
masses i0geographi
day land masses Biogeographic
Cretaceous land areas Province)




Many major Southern Hemisphere plant
families evolved or diversified in the
Late Cretaceous in the Weddellian
Biogeographic Province, including
Podocarpaceae, Nothofagaceae,
Casuarinaceae and Proteaceae.




A Early in the Cenozoic, several very unusual taxa (from a
modern perspective) continued to be common in the
vegetation.

A These taxa appear to bear more resemblance to typical
Cretaceous seed plants than to living taxa and they are
represented by cycads, ginkgos, seed ferns and conifers.

A Few of this group seem to have survived the mid -Eocene
(about 45 Ma)
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Ginkgo biloba

Tasmania was a refugium into the

Eocene for Ginkgo
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Pterostoma , an extinct
genus of cycad bearing
fronds with a clean
abscission layer




Along with this largely extinct group of taxa is'another group of taxa
that today are found in tropical environments, both in extreme
conditions and within rainforests.



An extant | Nypa mangrove swamp
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Unidentified leaf, Maslin Bay Menispermaphyllum , Nerriga
Both ~45 Ma, scales = 1cm




The conditions that allowed these taxa to occur at very high
southern latitudes (adjacent to Antarctica) include:

An extinct climate, including everwet conditions
Extremely high atmospheric carbon dioxide levels

High latitude photoperiods

o Io Do I»

Possibly high natural disturbance regimes (in some cases)

To

In most examples that we understand, very little evolution

appears to have occurred since the Cretaceous. There has

been significant extinction and
climates), but few examples of clear evolutionary change.

Two examples we do know well will be outlined later.






Fig. 3. (A) pCO2 estimates from M. Pagani et al., Science 309, 600
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From this time onwards; until Australia separated from
Antarctica, many other rainforest elements dominated

southern Australian vegetation.

Most of the nearest living relatives of these fossils occur
today from northeast Australia northwards into the tropics.



Following the separation of Australia from Antarctica, about 35
Ma, the vegetation of southern Australia remained mostly
rainforest, but took on a less mesothermal aspect.

Rainfall remained high, at least initially, and temperature
extremes must have been compressed.

Species diversity was very high and some taxa attained extreme
diversity.



2 mm
(4 mm for
N. grandis)

Cupules of fossil and living
Nothofagus - subgenus: Brassospora

>

N. cooksoniae N. robusta  N. grndis




Cupules of fossil and
living ' Nothofagus
subgenus- Lophozonia

N. moorei
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Leaf and cupule fossils of ' Nothofagus
subgenus- Nothofagus - from the Early
Oligocene of Tasmania




Angiosperms are common and diverse and include leaves,
wood, flowers, fruits and seeds. Most have not yet been
described, like these leaves above of Lauraceae (left),
Cunoniaceae? (middle) and Elaeocarpaceae? (right)



The extinction of some taxa from Australia during the last 35
million years can be very difficult to explain.

A good example is Lophosoria quadripinnata , an extant fern that
IS common in disturbed environments throughout South
America.

This fern was present in Australia until relatively recently.

What caused its extinction here, while it remained a thriving,
disturbance -based species in South America?



Cainozoic spore record of Lophosoria



Lophosoria quadripinnata = from Balfour (left) and extant (right).



Conifers represent a special case in the Australian fossil record:

A They reached remarkable diversity at about the time Australia
separated from Antarctica

A Many of them evolved to survive as small trees or shrubs in the
understorey of dense and diverse rainforests

A The extinction of many conifers in Australia appears to be directly
linked to a drying climate



Site

Buckland

Regatta Point
Hasties

Loch Aber

Cethana

Lea River

Little Rapid River
Monpeelyata
Pioneer

Regatta Point Upper

Conifer fossils in Tasmanian localities. The total is the number of

Age

Early Eocene

Early Eocene

mid - Late Eocene
mid - Late Eocene
Early Oligocene
Early Oligocene
Early Oligocene

L Oligo - E Miocene
L Oligo - E Miocene
Early Pleistocene

species identified, with the number of genera in brackets.

Total

8 (5)
11 (7)
12 (8)

6 (6)
16 (10)
11 (8)
26 (14)

7 (5)
14 (11)

7(7)



Some very tall conifers (e.g. some
Araucariaceae, some Cupressaceae)

must have been forest emergents, as

they are today. Fitzroya cupressoides, = an
enormous forest tree in southern South
America today, and once common:in
southeastern Australia

Fitzroya acutifolius
from the Early
Oligocene of Tasmania
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There are two good examples of evolution in response to climate
change that we know reasonably well from the fossil record:

1. The generic diversification of Casuarinaceae, and

2. The evolution of arid  -adapted Callitris

Both examples are incomplete and open to more than one

Interpretation. That given here is the one we consider most
likely.



Ceuthostoma

There are three basic morphologies of
foliage within Casuarinaceae, with
Allocasuarina and Casuarina the
same.

Allocasuarina littoralis



Gymnostoma
distribution

Present

[T Past (including
Patagonia)

Ceuthostoma
Distribution

Present

Past distribution
unknown



