
ERTH2002 Palaeobiology 

Week 9 
Plants 2: The next stage in plant evolution- Gilbert Price 

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

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 2 = Blue 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: Ch. 4. The first forests. In Willis & 

McElwain 2002. The Evolution of Plants. 

Ch. 5. Major emergence of the seed plants. In Willis & McElwain 2002. The 

Evolution of Plants. 
 

 

 
 

Today- the next stage plant evolution and diversification 

 First forests 

 Emergence of the seed plants 

 Vegetation change through the Palaeozoic 

 

Environmental changes- mid Devonian to late Carboniferous (395-290 Ma) 

 Dramatic climate change 

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


 From warm, humid, ice free to cooler, drier, glaciations southern hemisphere 

Significant active plate movement 

Uplift (mountain building) 

 Precipitation regimes- enhanced in some areas but not others 

 Four major episodes of glaciations 

 

Plants were also a driving factor in environmental changes 

CO2 was 8-9 times higher than at present 
 Highest levels in the past 400 million years! 

 Effect on global warmth through enhanced greenhouse effect 

Remember photosynthesis… 

Sunlight + lots of CO2 = plant foods + O2 = a good time for plants! 
 

CO2 between 360-286 Ma 

 3600 ppm (parts per million)- 360 Ma 

 300 ppm- 280 Ma 

 

This was a time that saw the rapid expansion of vascular plants 

Plants also drove weathering of silicate rocks; 

 Plants spread over land surface 

 Release organic acids (via roots) 

 CO2 (CO2 + CaSiO3 <-> CaCO3 + SiO2) 

 (carbon dioxide + calcium silicate <-> calcium carbonate + silica dioxide) 

 Carbon taken from atmosphere to carbonate minerals, then washed off and 

deposited on ocean floor 

 

Also, this was a time that saw plants produce bacterially-resistant organic matter (i.e., 

lignin) 

 Highly resistant to decay 

 Rates of accumulation of organic matter exceeded those of decay 

 Subsequent burial of organic matter removes carbon from atmosphere 

 Development of long-term carbon sinks… forming coal 

 

Earliest trees 

‘Earliest’ trees- loosely applied term due to nature of fossil record 
It’s sometimes difficult to determine the precise age of the rocks (remember the example 

about Baragwananthia- Australia’s oldest land plant). Taphonomy can also play a role- 

for example, imagine if the earliest trees grew on open arid areas where the chance of 

fossilisation is significantly less than that for plants that grew in swampy areas. 

 

What is clear, however, is that: 

1. Arborescent plants (trees) were present during the middle Devonian (~380 Ma) 

2. Three broad groups of trees were around at the time (one spore producing, two seed 

producing. 



 

Earliest spore-bearing trees included 4 main groups: 

Lycopsids- Baragwananthia + extant clubmosses and scale trees 

Sphenospsids- giant horsetails, 20 species still extant 

Filicopsids- ferns, many still extant (but does not include Dicroidium! Why not?) 

Progymnosperms- extinct group, but were ancestors to seed plants 

 
 

The Giant Club Moss Flora (AKA the 

Great Coal Forests) 

Club mosses today- small, creeping, 

terrestrial or epiphytic (growing on 

something else) 

Club mosses back then- massive trees! 

Lepidodendron 

 Height 35-45 m 

 Adapted to wet conditions, 

swamps 

 Globally dominant- up to 2/3’s 

of world’s forest 

Climate change- resulted in contraction 

of swampy environments 

No longer dominated habitats, never 

grew into massive trees again 

3D reconstruction of Lepidodendron: 

https://sketchfab.com/models/77a3c66e45fe4fcb9c1ab88c32d4ecb0 
 

 

Other members of the Giant Club Moss Flora included: 

Sphenospsids- giant horsetails 

Also known as Equisetopsida 

Equus = horse or steed 

20 extant species- small and weedy, but in the Mid Devonian- mid Carboniferous they 

were massive trees 

 All have whorled, microphyllus (small) leaves 

 Branches as lateral appendages from main 

stem 

 The shoot consists of distinct nodes and 

internodes. The leaves are whorled (arranged 

in a ring around the stem), arise at the nodes, 

and scale-like. Their sporangia are borne on 

Visit the Earth Sciences 

Museum to see Leptophloem, 

an Aussie clubmoss from the 

Carboniferous. 

An Aussie sphenopsid is 

Equiselites- this specimen is 

from Sandgate in Brisbane, 

on display in the Earth 

Sciences Museum 

https://sketchfab.com/models/77a3c66e45fe4fcb9c1ab88c32d4ecb0


 

modified leaves and arranged in a cone-like 

strobilus. They also display a distinctive stem 

anatomy with a central hollow canal. This group 

was diverse in the late Palaeozoic with both 

herbaceous and tree-like forms. 

 

Calamites- 18-20 m 

 Arose from massive underground rhizome 

 Gone by 300-320 Ma- Why? 

 

3D reconstruction of Calamites: 

https://sketchfab.com/models/06328fc6a1934ebc83d59d7 

b3cd4c6cc 
 

 

 

 

Ferns of the Giant Club Moss Flora 

Filicopsids- spore producing ferns 

Psaronius 

 Up to 10 m, tallest fern of its time 

 unbranched 

 Fronds developed on top of main axis forming 

crown 

 Leafs abscised from trunk, they left distinctive 

scar- useful character for taxonomy 

 
 

This group was probably the first to develop true multi- 

veined leaves, but they retained many primitive 

characters – an underground rhizome, relatively simple 

vascular system, sporangia aggregated on the leaves 

but relatively unprotected, free-swimming male 

gametes, and a free-living gametophyte phase of their 

life cycle. 

 
 

Ferns also typically show circinnate uncoiling of the fronds – a feature that they carried 

over from their trimerophyte ancestors. Today the ferns represent a relatively diverse 

group. They have a good fossil record owing to their preference for wet, swampy habitats 

where their remains are likely to be preserved. 

 

3D model here of Nothorhacopteris, an Australian fern from the Carboniferous: https://skfb.ly/T8FF 

A nice fossil example of a 

filicopsid is Cladophlebis. 

This specimen is slightly 

younger, being from the 

middle Jurassic. 

While we’re on filicopsids, go 

and check out some modern 

examples here. They grow as 

the understorey to the 

paperbark trees (more details 

about them next lecture). 

https://sketchfab.com/models/06328fc6a1934ebc83d59d7b3cd4c6cc
https://sketchfab.com/models/06328fc6a1934ebc83d59d7b3cd4c6cc
https://skfb.ly/T8FF


 

 

 

 

Tempskya is another famous fern, but from the 

Cretaceous. Ferns were generally very widespread 

across the planet from the time of their earliest 

origin, with extensive diversification in the 

Mesozoic. Tempskya would have been an important 

food source for many herbivorous dinosaurs. 

 
 

 

3D reconstruction of Tempskya:  

 

 

https://sketchfab.com/models/afd412d75ee54708b8e5

25bece07d96c 

 

 
 

Progymnosperms 

These are an extinct group… sorry, no common name! The Devonian was a period of 

very rapid evolution in land plants, fostered by competition for light and water. The 

potential for growth in height was initially limited by the fact that the early land plants 

had only primary growth - the stems could grow in length but not in diameter. By late 

Middle Devonian, secondary growth, where new vascular tissue could be added, 

increasing the diameter of the stem, had evolved in some lineages. This permitted the 

evolution of tree-sized plants. These first trees still produced free spores and lacked 

seeds – they are grouped into an informal category called “Progymnosperms”. 

 15-20 genera 

 Up to 8 m 

 390-340 Ma 

 Reproduced by spores 

 Extremely important plant in evolutionary history: ancestors to seed plants 

 

Archaeopteris- the most famous progymnosperm (see p. 491-492 of textbook for more 

details) 

One of the first progymnosperm trees 

documented 

 Similar foliage to Psaronius 

 But differs because fronds are actually 

attached along trunk 

 It was an advanced tree 

 Looked like a cross between a tree fern 

and a conifer 

 Well-developed vascular system (xylem- 

similar to modern conifers) 

 Evidence of growth rings 

 Similar roots system to modern conifers 

https://sketchfab.com/models/afd412d75ee54708b8e525bece07d96c
https://sketchfab.com/models/afd412d75ee54708b8e525bece07d96c


3D reconstruction of Archaeopteris here: 

https://sketchfab.com/models/55c7aa4095254332 86ae344552f2d43d 

 

 

Origins of the seed 

All of those earlier plant groups grew from spores 
Spore: A simple asexual unicellular reproductive unit with very 

little stored food 

 

Seed: small, embryonic plant enclosed in a covering called the seed 

coat, usually with some stored food 

 
 

Gymnosperms- group of plants that have seeds that do not form inside fruits, ‘naked’ 

seeds. The first seed plants (gymnosperms) appeared by the end of the Devonian. These 

plants modified their reproductive systems to produce distinct male and female 

gametophyte generations. The female gametophyte became entirely dependent on 

(essentially parasitic upon) the larger sporophyte. The male gametophytes also showed 

reduced development and were contained entirely within a waxy coating – these were the 

first pollen. Pollen was transported to the female gametophyte by wind dispersal. These 

plants producing the first seeds and pollen were called gymnosperms – this informal 

group includes all the modern conifers, cycads, Ginkgo, and gnetophytes, together with 

many extinct groups. They were to dominate the vegetation for the next 200 million 

years. 

 

Earliest seed plants- 354-248 Ma – two groups: Pteridosperms and conifers 

 

Pteridosperms- seed ferns 

 Superficially resembled ferns (leaves) 

 But grew from seeds, not spores 

 Common 354-245 Ma (Carboniferous to 

Permian), but rare after; last ones extinct in 

Eocene 

 

Rhacopteris is an Australian 

seed fern from the 

Carboniferous- on display 

in the Earth Sciences 

Museum 

Meyer-Berthau et al. 1999. Archaeopteris is the earliest known modern tree. Nature 398: 700–701. 
 
 
 
 
 
 
 
 
 

https://sketchfab.com/models/55c7aa409525433286ae344552f2d43d
https://sketchfab.com/models/55c7aa409525433286ae344552f2d43d


Even though they were around for ages, it took 50-80 million years for seed plants to 

dominate world floras! 

Conifers 

 Most numerous, widespread and economically important gymnosperm 

 70 genera, 630 species 

 The term conifer comes from the reproductive 

structure, the cone, which is a cluster of scale- 

like sporophylls; not all species produces 

cones 

 Conifers include pines, firs, spruces, larches, 

yews, junipers, cedars, cypresses, and 

redwoods. 

 Hoop pine, bunya pine: conifers, but not true 

pines 

 

 

Cordiates 

 330-250 Ma (lower Carboniferous to 

Permian) 

 Older records back to 380 Ma?? 

 30 m height, trunk to 1 m 

 Highly-developed vascular systems (large 

amount of secondary xylem) 

 Leaves with long parallel veins- distinct 

morphology 

 Extensive root system 

 Cordaites was a one of the earliest conifers 

 

3D reconstruction of Cordaites here: 

https://sketchfab.com/models/af1c76d9cb454e15a 

014c3b43bc69644 
 

 
 

The Araucariaceae (a conifer) 

includes Australia’s Wollemi Pine- 

Wollemia nobilis 

 

You should read this paper (available to 

download for free via the UQ library)- 

it’s a good general summary of the 

discovery of the Wollemi and its 

significance. 

 

Bardell, D. 2006. The discovery of a 

tree (Wollemia nobilis) from the Age 

of the Dinosaurs. Bios: 77 (1): 20-23. 
http://www.jstor.org/stable/4608766 

 

See Araucaria bidwillii, the 

modern Bunya Pine, here 

overlooking the UQ Lakes 

Araucaria cunninghamii, or 

the Hoop Pine, is also 

common on the St Lucia 

campus. 

https://sketchfab.com/models/af1c76d9cb454e15a014c3b43bc69644
https://sketchfab.com/models/af1c76d9cb454e15a014c3b43bc69644
http://www.jstor.org/stable/4608766


3D reconstruction of Wollemia: 

https://sketchfab.com/models/0f968b0be73c4e299ec9acfd6cede8e3 

 

 
 

Permian climate change- driven, in part, by geological processes 

Continental collisions 

 Formation of a supercontinent- Pangea (Laurasia and Gondwana) ~300 Ma 

 Warmer conditions 

 Widespread aridity, especially along equator 

 Highly-seasonal temperatures 

 Monsoonal conditions in both hemispheres 

 Created extensive uplands (barrier of flow of air between oceans and continents) 

 e.g., similar to present-day Himalayas and Tibetan Plateau 

 

 

 
Major radiation of the gymnosperms in Permian-Triassic 

By upper Permian, 60% of global flora was composed of gymnosperms 

Lycopisds (giant club mosses) and Shenopsids (horse tails) in decline 

 Both wet, warm, swampy, humid loving groups- an environment that was 

disappearing 

 

Four new groups merged during the Permian 
Cycadales (cycads) 

Bennettitales (bennettites) 

Ginkoales (ginkos) 

Glossopteridaceae (glossopoterids) 

MacPhail et al. 2013. First evidence for Wollemi pine-type pollen (Dilwynites: Araucariaceae) in South 
America. PLoS One: e69281 

https://sketchfab.com/models/0f968b0be73c4e299ec9acfd6cede8e3


A small grove of 

Macrozamia, a modern 

Australian cycad, grows 

down near the Conifer Knoll 

carpark. 

 

Cycadophyta (Cycads) 

This group of surviving gymnosperms is characterized 

by having relatively short, stocky stems with limited 

secondary growth. Leaves are pinnately compound 

(with a central axis bearing lateral leaflets). This gives 

the plants a distinctly palm-like appearance, although 

they are not related to palms. Cycads have different 

sexed plants that bear strobili (simple cones) either 

made up of megasporophylls (modified ovule-bearing 

leaves) or of microsporophylls (modified pollen- 

bearing leaves). Pollen is transported by wind 

and sperm is delivered to the egg cell by a tube 

that emerges from the pollen grain. The sperm 

cell is flagellated – again retaining an ancient 

character. Modern cycadss are scattered around 

the globe but are restricted to tropical or 

subtropical climates – they may, therefore, be 

useful indicators of palaeoclimate. 

 

 

 

 

Ginkgophyta (ginkgos) 

This phylum of seed plants is represented by one living 

species, Ginkgo biloba. This species is restricted to 

China where it may be extinct in the wild, but it is 

widely planted as an ornamental tree. The group was 

well represented during the Mesozoic with worldwide 

distribution. It has separate male and female trees 

bearing distinctive fan-shaped leaves with divergent 

dichotomous veins. Branches are of two types – short shoots (which have limited growth 

and bear leaves and reproductive organs) and long shoots (which have continuous growth 

and bear leaves an short shoots). Stems have extensive secondary growth of xylem 

tissues. In many aspects of its anatomy, Ginkgo is similar to the conifers (pines and their 

relatives) but it shares some characters with cycads and other primitive seed-plants 

(wingless pollen producing flagellated sperm cells). 
 

We’re really lucky to have 

the sole surviving ginkgo 

species, Ginkgo biloba, 

living on campus! Check 

them out here. 

See a Triassic ginkgo in the 

display cabinets in our prac 

room (232 Steele Building). 

This specimen is from 

Ipswich, west of Brisbane. 



Bennettitales 

 Widespread global distribution and high diversity 

 Early Triassic – end of early Cretaceous (248- 

140 Ma) 

 Extinct gymnosperms - 

 Present in Mesozoic, disappeared at the end of 

the Cretaceous 

 Palm-like leaves, resemble modern 

 Cycad-like (and were actually classified as cycads for ages!); 

 Possess flower-like reproductive structures; 

 

An interesting paper on the extinction of the Bennettitales: 

http://www.sciencedirect.com/science/article/pii/S1871174X08000401 
 

 

 

Cycadoidea is a famous bennetialian 

that lived through the Jurassic to 

early Cretaceous. Although 

relatively diverse and widespread, 

unlike the cycads, they did not 

survive the KT extinction event. 

 

3D reconstruction of Cycadoidea: 

https://sketchfab.com/models/5b01bb 

7ae71242a6acb406a83973aef6 
 

 

 

 

 

 
 

Glossopterids 

 Seed ferns 

 Dominated southern hemisphere during 

Permian 

 Over 200 species described 

 Up to 10 m high 

 Deciduous (evidence from Permian leaf mats) 

 Incredibly economically important to you! 

Why???? 

 

This might give you a clue: Harrington et al. 1989. 

Permian coals of eastern Australia. Bulletin of 

Australia. Bureau of Mineral Resources, Geology 

and Geophysics. 412 pp. Available here

Another interesting specimen 

in the Earth Sciences 

Museum is Otozamites, a 

bennettitale from the 

Condamine, Darling Downs. 

http://www.sciencedirect.com/science/article/pii/S1871174X08000401
https://sketchfab.com/models/5b01bb7ae71242a6acb406a83973aef6
https://sketchfab.com/models/5b01bb7ae71242a6acb406a83973aef6
https://data.gov.au/dataset/permian-coals-of-eastern-australia


 

 

 

 

3D models of fossils: https://skfb.ly/QnRs and 

https://skfb.ly/QnNA 
 
 

 

3D reconstruction of Glossopteris: 

https://sketchfab.com/models/84d251f265e34026a20973096a99aaba 
 

 

 

 

 

 

 

 

 

 

 

 

Permian-Triassic (PT) extinction 

Drivers? 
80-96 % of species- trilobites, rugose corals, plus reductions in other groups 

But plants: 

 50% reduction at Family level (30 to 15 plants) 

 Major reduction in conifer ecosystems at Triassic-Permian boundary… But 

replaced by related conifer forests 

 Sudden extinction among diverse globally-distributed groups did not occur 

 

No mass extinction comparable to that in the faunal record 
 

 

 
 

Review Questions / exercises 

 

1. Glossopteris is an incredibly economically important plant. Why? 

2. What group of trees was the immediate ancestor to the seed plants? 

3. How do gymnosperms differ from progymnosperms? 

4. What factors could have been involved in the delay of seed plant to rise to 

Glossopteris was extremely 

common in the Permian and 

was widespread through the 

Southern Hemisphere. 

Tewari et al., 2015. Glossopteris flora in the Permian Weller Formation of Allan Hills, South 
Victoria Land, Antarctica: implications for paleogeography, paleoclimatology, and biostratigraphic 
correlation. Gondwana Research, 28(3): 905-932. 
 
 
 
 
 
 
 
 
 

https://skfb.ly/QnRs
https://skfb.ly/QnNA
https://sketchfab.com/models/84d251f265e34026a20973096a99aaba


dominance? 

5. What does it mean when a fossil plant assemblage is named a Flora (note the 

capital ‘F’), as in the ‘Giant Club Moss Flora’ or ‘Glossopterid Flora’ or 

‘Dicroidium Flora’? How does it relate to the biological diversity of such a fossil 

assemblage? 


