
ERTH2002 Palaeobiology 

Week 10 Contact notes 
Origins of the modern flora- Gilbert Price 

Readings: Ch. 18 in Benton & Harper (2009) 

Martin, H.A., 2006. Cenozoic climatic change and the development of the 

arid vegetation in Australia. Journal of Arid Environments 66, 533-563.  

https://www.sciencedirect.com/science/article/abs/pii/S0140196306000413 

This is a very good review paper that looks specifically at Australian 

vegetation change through time) 

 

Walking lecture URL: 

Please see the Field Sites website here (you can also download a KMZ file 

that you can load in Google Earth and Google Maps on your own device) 

https://fieldsites.earth.uq.edu.au/site/find-my-course-pages/erth-course- 

pages/erth2002-palaeobiology/erth2002-plant-walking-lectures/ 

 

Plants 3 = Green icons on map  

 
**DOWNLOAD** the free Zappar app (available on iOS and Android 

mobile devices) to make best use of the ERTH2002 notes. Once installed, 

launch the app and direct your device’s camera at the images in the notes that 

have the below symbol. For those students who do not have an iOS or 

Android device, URL links are given to online 3D models and are accessible 

through your internet browser on your device and/or laptop/desktop 

computers.  

 
 

Highly recommended reading: 

McLoughlin, S., 2001. The breakup history of Gondwana and its impact on 

pre-Cenozoic floristic provincialism. Australian Journal of Botany 49, 271- 

300. http://www.publish.csiro.au/?paper=BT00023 
 

 

 
 

https://www.sciencedirect.com/science/article/abs/pii/S0140196306000413
https://fieldsites.earth.uq.edu.au/site/find-my-course-pages/erth-course-pages/erth2002-palaeobiology/erth2002-plant-walking-lectures/
https://fieldsites.earth.uq.edu.au/site/find-my-course-pages/erth-course-pages/erth2002-palaeobiology/erth2002-plant-walking-lectures/
https://apps.apple.com/au/app/zappar/id429885268
https://play.google.com/store/apps/details?id=com.zappar.Zappar&hl=en_AU
http://www.publish.csiro.au/?paper=BT00023


What we already know: 

 Diversification of land plants 

 The first forests 

 The earliest 385-325 Ma- The Giant Club Moss flora 

 Lycopods, Progymnosperms, Filicopsids, Sphenospsids 

 The first seed plants 

 Don’t forget: a seed is small, embryonic plant enclosed in a covering 

called the seed coat, usually with some stored food 

 Radiations of the seed plants in Permian-Triassic: 

 Cycadales, Bennettitales, Ginkoales, Glossopterisaceae 

 

Today- Emergence of the modern flora 

 The flowering plants 

 Diversity 

 Climate change and floristic response 

 

Evolution of the angiosperms 

 Angiosperms = flowering plant 

 By far the most dominant plants in world today 

 Major food plant for humans! 

 300-400 families 

 250,000+ species (in comparison: 10,000 ferns, 750 

gymnosperms) 

 

Angiosperm synapomorphies include: 

 Flowers 

 Enclosed ovary (carpel / carpels) 

 Specialised conducting cells in xylem and phloem 

 Distinctive pollen (wall made of columellae, plus 

sporopollenin)   

 

 
 

The form of the early angiosperms is unclear. Could they have been trees, shrubs or 

herbs? 

 Angiosperm wood rare in early Cretaceous 

(compared to gymnosperms) 

 But common in late Cretaceous (~70 Ma) 

 Lack of angiosperm wood suggests herbaceous 

nature… early on at least 

 

Jacarandas are probably the 

most striking flowering 

plants (angiosperms) on the 

St Lucia Campus. Check 

them out near the UQ Lakes. 

Poppy anemone (Anemone 

coronaria), and angiosperm native to 

the Mediterranean region. 



124-83 Ma- more changes in continental configurations 

 Pangea break up around 200 Ma (Jurassic), plate spreading 124-83 Ma

 Major rise in sea level, leading epicontinental seas in Australia and elsewhere

 Increased volcanism leading to CO2 – levels 4-5 times greater than today

 Major warming (e.g., corals growing 1500 km closer to poles)

 Major environmental changes

 

 

Innovations of angiosperms 

Drought resistant 

 Tough, leathery leaves

 Commonly reduced in size

 Tough, resistant seed coat to prevent young embyros drying out

 Most efficient water-conducting cells

 Deciduous habit (also in ginkos and cycads)



Plus also: 

Weedy life-history 

Rapid reproduction 

= competitive edge in disturbed environmental conditions and warm climate 

 

 
 

 

 

 

Biotic interactions with angiosperms 

 

Dinosaurs 

Change from high to low browsers when angiosperms first appeared (high- tree 

tops; low- ground level) 

 

 

Up until the early Cretaceous, stegosaurs and sauropods dominated in terms of diversity 

(~95% of all dinosaurs at the time). 

 

 

 

 

Dandelions (Taraxacum officinale) are a 

great example of a very weedy 

angiosperm, 



New groups of browsing ornithisican dinosaurs (duck-billed dinos- we’ll learn more 

about the diversity of dinosaurs in the coming weeks) appeared after the early Cretaceous 

 High mortality of gymnosperm seedlings

 Thinned-out forest structure leading to highly disturbed environments

 May have allowed angiosperms to dominate



Insect-angiosperm coevolution 

Some flowers needed insect pollination 

 Stamens with small anthers and low pollen production

 Large pollen, not so good for wind transport

Insects have a role in allowing genetic exchange between widely-spaced individuals 
 

Some advanced pollinator insect groups appear at same time as angiosperms! 

Hymenoptera- certain wasps related to bees 

Lepidoptera- butterflies and moths 

 

But other groups, like Apodea (honey bees) appear much later (100 Ma), and Diptera 

(flies), Coleoptera (beetles), and some Hymenoptera, much earlier 

 

 

 

Barrett and Willis. 2001. Did dinosaurs invent flowers? Dinosaur–angiosperm coevolution revisited. 

Biological Reviews, 76(3): 411-447. 

Labandeira et al. 1994. Ninety-seven million years of angiosperm-insect association: paleobiological 
insights into the meaning of coevolution. Proceedings of the National Academy of Sciences, 91(25), 
pp.12278-12282. 



 

Angiosperms diversified rapidly and now dominate global floras 

 

 
Early Palaeocene-middle Eocene climate 

One of the warmest periods in Earth’s history 

 9-12°C higher than present 

Changing continental configurations 

Increased mantle degassing

Volcanic-induced greenhouse warming 

CO2 in atmosphere exceeded uptake by carbon burial 
 

Break-away of Australia 

Continental drift 
Separation of Australia from Antarctica- 45-38 Ma 

Drifting northward at around 7 cm/year

Eriksson 2016. Evolution of angiosperm seed disperser mutualisms: the timing of origins and their 
consequences for coevolutionary interactions between angiosperms and frugivores. Biological Reviews, 
91(1), pp.168-186. 



 

Antarctic circumpolar current 

 Cold ocean current

 Prevented warm equatorial waters from penetrating southern polar waters

 Responsible for global cooling

 Beginnings of polar glaciers

 Drop in sea levels

 

 

Global cooling. Led to the origins of the Poaceae 

 

Family Poaceae – grass (an angiosperm) 

First unequivocal grasses appear Early Eocene (N. 

America, England) 

Australia- Middle to Late Eocene 

One of the most important evolutionary events for 

humankind!! 

 Grasses were the earliest crops to be cultivated

 Provide up to 52% of carbohydrates in today’s 

society

 Plus, are the food source for many mammalian 

herbivores on which humans depend on for 

food
 

 

 
 

 

 

 
 

 

 

 

The most classic example of 

the Poaceae! This is one of 

the members that had a huge 

influence over the emergence 

of our modern fauna. 

Bamboo is a type of grass. 

Not particularly common in 

Australia, they are world 

record breakers for being the 

fastest growing plant! 

Oats (Avena sativa) are a member of the 

Poaceae that are of great importance to 

humans. Although they can be eaten by 

humans, they are most commonly grown 
as a feed for livestock such as cattle. 



 

 
 

Modified from Willis and McElwain 2002. The Evolution of Plants. Fig 7.5 p. 200 
 

 

 

Martin 2006. Cenozoic climatic change and the development of the arid vegetation in Australia. Journal of 
Arid Environments, 66(3), pp.533-563. 



 

 
 

Modified from Willis and McElwain 2002. The Evolution of Plants. Fig 7.8 p. 214-215. 

 

Biome: major regional group of distinctive plant and animal communities best adapted to 

region's physical natural environment, latitude, elevation, and terrain 

 

 

Australia was dominated by subtropical summerwet, and 

warm/cool temperate forests and climates during the 

Oligocene. 

 

Central Australia, which is a desert today, was wet, 

swampy, had numerous aquatic plants, and wet forests. 

 

The Oligocene vertebrate faunas were dominated (in terms 

of diversity) by arboreal marsupials (climbers) and 

browsing forms (leaf eaters) 

There was high diversity including representatives of 

most modern groups, plus some extinct families. 

 

Temperatures cooled significantly after the Miocene, with continental aridity spreading 

coastward from the interior, and rainforest/wet forests, retracting to the continental 

fringes. 

 

Faunas also changed in response to vegetation changes: 

 Increased number of grazing (grass eaters)

Syzgium (commonly known 

as lilly pillys) were common 

members of central 

Australia’s Oligocene 

rainforests. 

Pollen of rainforest plants, 

such as Rough-saw sedges 

(Family: Cyperaceae), are 

also found in central 

Australia’s Oligocene 

deposits. 



 Reduction in diversity of browsers (leaf eaters)

 Change in morphology from low to high-crowned teeth (related to feeding on 

highly abrasive materials, such as grasses (rich in silica)

 Opening up of environments

 Poorer quality food

 Progressively larger body-sizes

 Combined to lead to the evolution of the ‘megafauna’- an informal terms to 

describe large bodied terrestrial animals (e.g., extinct diprotodon in Australia; 

mammoth and mastodons in Europe; as well as extant forms such as elephants)

 

Modern Australian floras- demonstrate a high level of endemism at the species level, but 

many families have wide Gondwanan distributions. 

 

An important factor to consider: the timing of the break-up of Gondwana helps to 

explain the distribution of many Gondwanan plant groups today. 

 

Gondwana- supercontinent comprised of the modern continents of Australia, South 

America, Africa, Antarctica, and the sub-continent India. 

Charles-Dominique et al. 2016. Spiny plants, mammal browsers, and the origin of African savannas. 
Proceedings of the National Academy of Sciences, 113(38): E5572-E5579. 



Timing of Gondwana breakup in relation to connectivity with Antarctica: India 125 Ma; 

Africa around 90 Ma; New Zealand around 80 Ma; South America around 45-50 Ma 

(South America earlier split from Africa around 125 Ma); and then Australia between 37-

45 Ma. 

 

 

Family Mimosaeae 

Acacia 

 900 modern species in Australia

 Poor fossil record

 Tend to live in drier climates

 Low pollen producers and dispersal

 Australian species mostly lack thorns, unlike African and South American forms. 

Possibly related to herbivory.
 

 

Modern distribution of Acacia provides strong evidence in support of continental drift 

theory. 

 

 
 

 

 

 

Acacia are very common in 

Australia, and have a very 

broad Gondwanan 

distribution. 

The coastal wattle (Acacia sophorae) is a 

widespread species found across eastern 

and southeastern Australia. It is a very 

hardy species found living on dunes, 
coastal heath, woodlands, and alluvial 

flats. It is also tolerant to sand blasts and 

sea spray. 



Family Proteaceae 

 Sclerophyllous (hard leaves, short internodes)

 Low dispersal ability therefore, required land for 

migration

 An ancient Gondwanan link (think about the 

timing of the breakup)

 

Proteaceae evolved before 90 Ma 
 

 

 

 
 

 

 
 

 

Modern distribution of the Proteaceae. 

 

Famous Australian representatives include Macadamia and Banksia, in addition to the 

Silky Oaks and Grevilleas that you can see on the St Lucia campus. 

 

 

 

 

Silky oaks are part of the 

Proteaceae, but are native to 

Australia. The family has a 

Gondwanan distribution 

Grevilleas are a very 

common cultivated plant in 

Australia. They have 

traditional uses in some 

Indigenous cultures. 

The Saw Banksia (Banksia serrata) is a 

widespread member of the Protoaceae 

being found in eastern Australian from 

Queensland to Tasmania. 



Family Casuarinaceae 

Casuarinas 

 70 modern species with a Gondwanan 

distribution

 Equisetoid-like foliage (i.e., they look like 

horsetails, but are not particularly closely 

related to them)

 Many people also confuse them for conifers, due 

to their needle-like foliage.

 Low pollen producers and dispersal

Australian species lack true leaves (see your Dinmore fieldtrip notes for more details 

about phyllodes and cladodes). What does tree ‘I’ have? 
 

Modern distribution of the Casuarinaceae (red) and fossil (blue) 
 
 
 

Family Fagaceae 

Nothofagus  

 Southern beeches 

 Late Cretaceous pollen 

 Abundant in Oligocene, but then decline 

 Absent from Africa, suggesting that it evolved after Africa split from 

the rest of Gondwana. 

 

Modern distribution of Nothofagus 

 

 

 

She-oaks, like Silky Oaks, 

are not true oaks. The 

Casuarinaceae are very 

common across Gondwana, 

with this species being native 

to eastern Australia. 



Family Myrtaceae- oldest pollen in Australia at 60 Ma 

Eucalyptus 

 <45 Ma

 Dry fruits (related to sclerophyllus habits)

 Today, they occupy numerous habitats 

including mountain snowlines, shorelines 

with roots in saltwater, deserts, swamps, 

floodplains.

 

Native populations found only in Australia and New Guinea, 

plus some islands around the Philippines… so when did 

Eucalyptus most likely evolve? 

  
Modern distribution of Eucalyptus. 

 

 

 

 

   
 

 

Callistemons (Bottle- 

brushes) are also really 

common members of the 

Myrtaceae. 

There are many examples of 

eucalypts (gum trees) on the 

St Lucia campus, including 

several within the Great 

Court. 

Melaleucas (Paperbarks) are 

also iconic members of the 

Myrtaceae, with several 

examples on campus. 

The Southern Blue Gum (Eucalyptus 
globulus) is just one of about 600 species 

within the Eucalyptus genus. This species 

grows to 45 m and is common in 
southeastern Australia, including New 

South Wales, Victoria, and Tasmania. 



 

 
 

 

Review Questions / exercises 

 
1. What is meant by the term ‘coevolution’? 

2. When did Africa split from the other Gondwanan continents? 

3. What form did the earliest angiosperms take- trees, shrubs or herbs? Explain. 

4. What is the advantage of an angiosperm seed having cotyledons? 

5. How could low-browsing dinosaurs have helped accelerate the evolution of 

angiosperms? 

6. How did the circumpolar current influence global temperatures? 

7. Describe how we can use our understanding of the timing of the breakup of 

Gondwana to explain the global distribution of major plant families today? 


