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Exhibition Overview: 

How much do you know about Permian Monsters? This exhibition presents the relatively unknown 
and bizarre creatures of the Permian that lived before their more famous successors, the dinosaurs.  
The aim of the exhibition is to educate people about this geological period, its bizarre creatures and 
the greatest extinction the planet ever experienced. 

When Australia was just a southern corner of the super-continent Pangaea the countryside and its 
inhabitants looked very different. Students will learn the difference between dinosaurs and other 
prehistoric reptiles, between herbivores and carnivores, and be introduced to distant ancestors of 
today’s mammals. Students will also learn about the requirements for life and the changes that led to 
The Great Dying when up to 96% of Earth’s marine occupants became extinct. What is a fossil?  
Students will excavate, record, and identify Permian creatures. 

Key ideas in the exhibition: 

Time – chronology, sequencing, geologic time 

Environmental changes – climate change, geological activity, extinction events 

Evolution – changing creatures 
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(Oxford English Dictionary) 

AMPHIBIAN A class of cold-blooded vertebrate animals that includes frogs, toads, 
newts, salamanders, and caecilians. They are distinguished by having 
an aquatic gill-breathing larval stage followed (typically) by a terrestrial 
lung-breathing adult stage. 

ARTHROPOD An invertebrate animal of the large phylum Arthropoda, such as an 
insect, spider, or crustacean 

CARNIVORE An animal that feeds on other animals 

CAST An object made by shaping molten metal or similar material in a mould 

DINOSAUR A fossil reptile of the Mesozoic era, often reaching an enormous size 

EXTINCT Species/family/other large group having no living members 

FISH A limbless cold-blooded vertebrate animal with gills and fins living 
wholly in water 

FOSSIL The remains or impression of a prehistoric plant or animal embedded 
in rock and preserved  

GEOLOGY Science which deals with the physical structure and substance of the 
earth, their history, and the processes which act on them 

GONDWANA A vast continental area believed to have existed in the southern 
hemisphere and to have resulted from the break-up of Pangaea in 
Mesozoic times. It included present-day Arabia, Africa, South America, 
Antarctica, Australia, and the peninsula of India 

HERBIVORE An animal that feeds on plants 

ICE AGE A glacial episode during a past geological period 

MAMMAL A class of warm-blooded vertebrate animals that is distinguished by 
the possession of hair or fur, females that secrete milk for the 
nourishment of the young, and (typically) the birth of live young 

MARINE Relating to or found in the sea 

PALAEONTOLOGY Branch of science concerned with fossil animals and plants 

PANGAEA A vast continental area or supercontinent comprising all the continental 
crust of the earth, which is postulated to have existed in late 
Palaeozoic and Mesozoic times before breaking up into Gondwana 
and Laurasia 

PANTHALASSA A universal sea or single ocean, such as would have surrounded the 
postulated supercontinent of Pangaea. 
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PERMIAN Relating to or denoting the last period of the Palaeozoic era, between 
the Carboniferous and Triassic periods. 

PREHISTORIC Relating to or denoting the period before written records 

REPTILE A class of cold-blooded vertebrate animals that include snakes, lizards, 
crocodiles, turtles, and tortoises. They are distinguished by having a 
dry scaly skin, and typically laying soft-shelled eggs on land 

SUPER-
CONTINENT 

Each of several large land masses (Pangaea, Gondwana, and 
Laurasia) thought to have broken up to form the present continents in 
the geological past 

TERRESTRIAL On or relating to the earth; of or on dry land 

TETHYS SEA An ocean formerly separating the supercontinents of Gondwana and 
Laurasia, the forerunner of the present-day Mediterranean 
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DISCIPLINE-BASED LEARNING 
Science 

Foundation Living things have basic needs, including food and water (ACSSU002) 

Daily and seasonal changes in our environment, including the weather, affect everyday 
life (ACSSU004) 

The way objects move depends on a variety of factors, including their size and shape 
(ACSSU005) 

Level 1 Living things have a variety of external features (ACSSU017) 

Living things live in different places where their needs are met (ACSSU211) 

Everyday materials can be physically changed in a variety of ways (ACSSU018) 

Level 2 Earth’s resources, including water, are used in a variety of ways (ACSSU032) 

Science involves asking questions about, and describing changes in, objects and 
events (ACSHE034) 

Level 3 Living things can be grouped on the basis of observable features and can be 
distinguished from non-living things (ACSSU044) 

Science involves making predictions and describing patterns and relationships 
(ACSHE050) 

Level 4 Living things, including plants and animals, depend on each other and the environment 
to survive (ACSSU073) 

Earth’s surface changes over time as a result of natural processes and human activity 
(ACSSU075) 

Science involves making predictions and describing patterns and relationships 
(ACSHE061) 

Level 5 Living things have structural features and adaptations that help them to survive in their 
environment (ACSSU043) 

Science involves testing predictions by gathering data and using evidence to develop 
explanations of events and phenomena (ACSHE081) 

Level 6 The growth and survival of living things are affected by the physical conditions of their 
environment (ACSSU094) 

Sudden geological changes or extreme weather conditions can affect Earth’s surface 
(ACSSU096) 

Science involves testing predictions by gathering data and using evidence to develop 
explanations of events and phenomena (ACSHE098) 

Level 7 There are differences within and between groups of organisms; classification helps 
organise this diversity (ACSSU111) 

Some of Earth’s resources are renewable, but others are non-renewable (ACSSU116) 

Scientific knowledge changes as new evidence becomes available, and some scientific 
discoveries have significantly changed people’s understanding of the world 
(ACSHE119) 

Level 8 Chemical changes involves substances reacting to form new substances (ACSSU225) 

Sedimentary, igneous and metamorphic rocks contain minerals and are formed by 
processes that occur within Earth over a variety of timescales (ACSSU153) 

Scientific knowledge changes as new evidence becomes available, and some scientific 
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discoveries have significantly changed people’s understanding of the world 
(ACSHE134) 

Level 9 Ecosystems consist of communities of interdependent organisms and abiotic 
components of the environment; matter and energy flow through these systems 
(ACSSU176) 

The theory of plate tectonics explains global patterns of geological activity and 
continental movement (ACSSU180) 

Scientific understanding, including models and theories, are contestable and are 
refined over time through a process of review by the scientific community (ACSHE157) 

Level 10 The theory of evolution by natural selection explains the diversity of living things and is 
supported by a range of scientific evidence (ACSSU185) 

Scientific understanding, including models and theories, are contestable and are 
refined over time through a process of review by the scientific community (ACSHE191) 

Activities that support Physical, Personal & Social Learning and Interdisciplinary 
Learning are indicated with the following symbols:  

Health & Physical Education Communication 

Interpersonal Development Design, Creativity & Technology 

Personal Learning Information & Communications Technology 

Civics & Citizenship Thinking Processes 
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Event Years before present # of sheets 

Modern man appears 10000 0.002 

Oldest stone tools 1600000 0.35 

Australia separates from Antarctica 50000000 11 

Tertiary Period begins 65000000 14 

Dinosaurs extinct 65000000 14 

Cretaceous Period begins 140000000 30 

Early mammals appear 180000000 39 

Jurassic Period begins 208000000 45 

First dinosaur appears 215000000 47 

Triassic Period begins 245000000 53 

Pangaea finishes forms 280000000 61 

Permian period 286000000 62 

Early trees appear 318000000 70 

First reptiles appear 340000000 74 

Early fish appear 490000000 107 

First animals appear 1200000000 264 

Oldest rock known 3960000000 872 
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The Matching Game (Jigsaw classroom) 

Divide students into 4 groups (A, B, C, D) and distribute two creature flash cards (pp.10-13) to each 
group. Students will work together to summarize the characteristics of their creatures in a table like 
the one below: 

CHARACTERISTIC CREATURE 1 CREATURE 2 

2 legs 

4 legs 

Wings 

Tail 

Spines 

Scales 

Feathers … (etc. – continue list) 

Reorganize students into 4 groups (1, 2, 3, 4) that each contain at least one representative from 
groups A, B, C, D. Students will work together to compare the identified characteristics of the 8 
creatures and sort them into groups based on this information. Discuss group results as a whole 
class.  What characteristics did students observe in the pictures? How did they group their creatures? 
Identify the dinosaurs, Permian reptiles, and other archaic reptiles for the class. 

Permian monsters are not dinosaurs. Dinosaurs are a group of terrestrial (land-based) reptiles that 
appeared around 230 million years ago; they do not fly or swim (aquatic/marine). They have several 
distinctive skeletal features that distinguish them from other archaic reptiles: 
1. Smaller fourth and fifth digits on the hand
2. Three main toes on the foot
3. Three or more vertebrae forming the sacrum
4. Open hip socket

To understand the difference between dinosaurs and other reptilian hips have students get down on 
their hands and knees and try to walk like a crocodile. They will need to have their elbows bent at a 
90 degree angle away from the body. To walk like a dinosaur, straighten the arms so they are directly 
below the body; this allowed some dinosaurs to walk on two legs. 

Further differences appear within different groups of dinosaurs, but these 4 key features are what set 
the dinosaurs broadly apart as a land-based group. Our Permian creatures were not dinosaurs, and 
neither were some other familiar ancient reptiles.   
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Creatures like those in Permian Monsters are known to us only from their fossilized remains. No-one 
has ever met dinocephalia or dimetrodon as they are now extinct. Everything we know about these 
creatures and their environment has been pieced together by scientists from the clues that have been 
left behind.  Most plants and animals decay and disappear relatively quickly, however, the conditions 
are just right the organism or its shape may be preserved for millions of years. A few different 
environments can lead to fossilization. For example: 

Wet: like mud, imagine a dinosaur sinking into the river bed and being gently buried by the silt in 
the water.   

Arid: like being buried in a sandstorm or frozen 

Chemical: like being buried in a tar pit or peat bog 

There are five main types of fossil: 

Petrified: Mineral rich water fills the cavities in an organic substance, like the cells of a tree trunk. 
The minerals in the water precipitate out and cling to the walls, slowly filling up the spaces 
(permineralization). The organic material, in this case the tree, will rot away over time. However, 
the minerals that filled and hardened to the shape of tree remain preserving the shapes and 
surface texture of the original. If the organic material completely decays and the fossil turns to 
stone this is known as petrification. 

Mould & Cast:  A mould forms when the hard parts of an organism are buried in sediment. Over 
time the surrounding sediments harden and the organism decays away. A hollow remains in the 
shape, and sometimes with the surface texture, of the organism it once contained. A cast is formed 
when the mould fills with mineral-rich water (as with permineralization). The minerals precipitate 
and build-up, filling the mould, and hardening in the form of the original organism. 

Carbon Film: A carbon-rich organism is buried in sediment. The organism breaks down and rots 
away leaving behind only the carbon film, like a shadow of the original organism; for example, the 
carbon film remains of plant leaves. 

Trace:  Trace fossils are evidence of organism activity, like footprints, tunnels, or coprolites 
(fossilized dung), that are encased in sediment and filled with minerals as with other petrified, 
mould, and cast fossils. 

Preserved:  The organism itself is preserved in a particular medium that prevents the usual 
processes of decay. For example, insects encased in amber – oxygen and bacteria that usually rot 
organic material cannot access the sealed organism. Organisms sealed in tar pits are preserved 
when chemicals from the pit leach into the bones and prevent decay. Organisms, like mammoths, 
frozen in ice are again preserved from the usual bacterial processes that would rot exposed 
organic material. 

Make a Fossil 

Petrified / permineralization – soak a sponge in melted parafin wax, allowing the wax to seep into all 
the pores of the sponge. Then, remove the sponge from the wax solution and leave to harden. 

Mould & Cast – Fill a bowl with sand. Press a selection of objects, like sea shells into the sand. 
Remove objects from the sand and a hollow imprint of the object will remain (mould). Fill the imprint 
with plaster and leave to harden. Remove from sand and brush off any debris (cast). For a trace 
fossil, instead of objects make handprints or footprints in the sand before filling with plaster. 
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Minmi paravertebra 

http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0006190
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0006190
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0006190
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0006190
http://upload.wikimedia.org/wikipedia/commons/f/f0/Minmi_paravertebra_dinosauria_.png
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http://en.wikipedia.org/wiki/Digital_object_identifier
http://en.wikipedia.org/wiki/Digital_object_identifier
http://dx.doi.org/10.1371%2Fjournal.pone.0006190
http://upload.wikimedia.org/wikipedia/commons/0/08/SordesDB.jpg
mailto:dmitrchel@mail.ru
http://upload.wikimedia.org/wikipedia/commons/d/dc/Diamantinasaurus.png
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(60min)

When Australia was just a southern corner of the super-continent 
Pangaea, the countryside and its inhabitants looked very different. On a 
tour through casts and life models, students will learn the difference 
between dinosaurs and other prehistoric reptiles, between herbivores 
and carnivores, and be introduced to distant ancestors of today’s 
mammals. Students will also learn about the requirements for life (eg. air, 
water, food) and the changes that led to The Great Dying when up to 96% 
of Earth’s marine occupants became extinct. What is a fossil? Students 
will excavate, record, and identify Permian creatures. 

The exhibition experience includes artist’s renderings of the scenes from 
Permian life, interactive touch stations, dioramas, fossil casts, and dig 
boxes. 

(15-20min)

Create a creature.  Consider the possible extinction scenarios and 
resulting environments.  Design an organism that you think might have 
survived such a catastrophe – what characteristics or adaptations do 
you think would be of most value? 
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Despite the mass extinction that ended the Permian, there were a few hardy survivors – disaster taxa. 
Disaster taxa are groups of organisms that in ‘normal’ conditions survive in small numbers on the 
periphery ecosystems but which flourish and dominate in the wake of a disaster, when there are 
broad vacancies in the ecosystem. It took 8 to 10 million years for the earth’s ecosystems to 
rebalance after the Permian mass extinction event, because there were so few survivors. Years of 
boom and bust cycles occurred – with limited biodiversity, particular species would grow exponentially 
very quickly and then populations would crash when they outstripped their environment’s carrying 
capacity. But, eventually life stabilized and some survivors continue in existence today.   

I Need …  (Wide game) 
Adapted from Oh Deer! projectWILD Activity Guide (2002). Canadian Wildlife Federation, pp. 206-210. 

Animals require three elements to survive: food, water and shelter.  The environment contains these 
three elements in to varying degrees.  In the game, these elements are represented by three hand 
gestures (demonstrate each for students): 
1. Food – hands on stomach
2. Water – hands on mouth
3. Shelter – hands together over head (like a roof)

Divide students into two evenly sized groups. Group 1 represents the animal population and Group 2 
represents the environment. Group 1 lines up along one end of the room and group 2 on the opposite 
end – groups should be facing the wall with their backs to each other. 

Ask all students to form the gesture representing the element (food, water, shelter) they will be 
looking for (Group 1) or that they represent (Group 2). You will see a random variety of elements in 
both groups. They cannot change their gesture. 

Direct students turn to face the opposing group. When an animal (group 1 student) sees a student in 
the environment group with the matching element they must run to them, grab them, and bring them 
back to the animal side of the room. Only one animal can be matched with each element in the 
environment. If an animal cannot find the element they are looking for, they join the environment. 

Pause the game to look at how your animal population has changed based on the available 
resources. Then have all students turn to face the wall again and choose their element (they can 
change it each round, but cannot change within a round). 

Continue game for at least five rounds, pausing between to observe population changes. After five 
rounds, the teacher may choose to alter the environment. For example, a sudden drought would 
mean group 2 students could only represent food or shelter, no water available. Group 1 students 
would be unaware until asked to turn around. Consider how large scale environmental changes affect 
your population; can the animal population recover if it gets too small? Continue playing the game for 
10-15 rounds.

Extension 1 – keep track of population numbers on each round on a classroom chart, then graph your 
results at the end of the game. 

Extension 2 – Mass extinction events are incredibly rare, five have been documented in earth’s 
history. Identify extinction events in Earth’s past, like the end of the Permian period or Cretaceous 
periods. Challenge students in small groups to research possible reasons for these extinction events.  
What do scientists think may have happened and how would this have affected different populations 
(eg. would plants and animals be affected differently?)? 

Extension 3 – Plan a visit to the Geelong Botanic Gardens to view some ‘living fossils,’ like the gingko 
biloba for example, and other ancient plants that evolved 250 million years ago. 
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We rely on Permian remains for a lot daily activities. Australia generates approximately 77% of its 
energy from coal-powered plants. Excavated coal is crushed and dried (to remove water and make it 
easier to burn) then the coal is burned to heat water, which in turn generates super-heated steam that 
turns turbines, which turn generators, ultimately producing electricity. But, what is coal? 

Coal is a fossil fuel, formed from the decomposition of plant materials heated and pressurized for 
millions of years. Dead plant matter builds up in swampy or marshy areas.  The decaying matter is 
covered by layers of sediment over time.  As the layers build up, the pressure and heat on the plant 
matter increases and the plant material is altered to a combustible rock made up primarily of carbon, 
followed by oxygen and hydrogen, with smaller amounts of other elements. The process of converting 
decaying organic material to a combustible rock is known as coalification. The higher the temperature 
and pressure, the lower the water content, and the higher the carbon content and better burning the 
resulting coal will be. Most coals date to the Permian, and most coal deposits in Australia are found in 
Queensland and New South Wales. 

For example, explore the Bowen Basin, the most important Permian coal basin in Australia. 
http://www.bowenbasin.cqu.edu.au/basin_data/reg_profile.html   

Create a cartoon strip illustrating the progress of a Permian leaf from tree to swamp to coal to 
powering your home (template p. 18). 

Cookie Excavation 
Adapted from Activity 7: Cookie Excavation. National Parks Service: US Department of the Interior. 

Removing fossils from the ground can be a painstaking exercise. The surrounding material must be 
carefully removed without damaging the fossil. Palaeontologists require a great deal of patience and 
are often working with tiny tools and brushes for the final stages. Sometimes remains have to be 
consolidated in place, for example wrapped in a plaster cast, to keep the fossil safe and together for 
removal to the laboratory where the more detailed cleaning can happen in a controlled environment. 

Materials:  4 cookies per group (1 hard chocolate chip cookie, 1 soft chocolate chip cookie, 1 hard 
raisin cookie, 1 soft raisin cookie), 8 toothpicks, 2 grid sheets (p. 17), 1 sheet of paper towel 

1. Place one cookie in each quadrant on first grid sheet.  The second will be used to map the
excavation.

2. Choose one team member to be materials manager, one to be the team artist/recorder, and two to
excavate (roles can rotate for each cookie).

3. In the appropriate quadrant artist record size, shape, location of all visible fossils before excavation
begins.

4. Using only toothpicks, excavating students must work together to extract all fossils (chips/raisins)
from the matrix (cookie) without damaging the fossil. If a toothpick breaks it must be discarded and
a new one used. Excavated fossils are placed on paper towel for inspection.  The artist will record
the shape, orientation, etc of each fossil as it is exposed.

5. Reflect on the excavation:

Did the matrix affect how easy it was to extract the fossil (eg. soft vs hard cookie)? 

Did the condition of the fossil (eg. soft raisin vs. hard chip) affect how easy it was to extract? 

What condition were the excavated fossils in? 

Why does the location and orientation of fossils matter? 

Extension – In dig teams research different types of excavation environments and how that has 
affected the condition and extraction of fossil remains. 

http://www.bowenbasin.cqu.edu.au/basin_data/reg_profile.html
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Label each quadrant to match cookie type. 
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Illustrate the progression from Permian plant to household power. 
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Geological Time: 

Age of the Earth.  United States Geologic Survey (USGS).  
http://pubs.usgs.gov/gip/geotime/age.html  

The BGS Geological Timeline.  British Geological Survey 
http://www.bgs.ac.uk/discoveringGeology/time/timeline/home.html  An interactive timeline of the 
history of the earth, imagining if Earth were 46 years old. 

Earth Science Explorer.  Wheeling Jesuit University/NASA-supported Classroom of the Future. 
http://www.cotf.edu/ete/modules/msese/earthsysflr/geo_activity.html Geologic time activity based 
on a football field 

Using radioactive decay to determine geologic age. 
http://www.esrl.noaa.gov/gmd/education/lesson_plans/Using%20Radioactive%20Decay%20to%20
Determine%20Geologic%20Age.pdf  

Whose on first? Relative dating game.  M. Barber and D. Scheidle Bartos. 
http://dnr.louisiana.gov/assets/TAD/education/BGBB/1/activity.html  

Geology, Relatives, and Time.  National Park Service, U.S. Department of the Interior.  
http://www.nps.gov/fobu/forteachers/upload/Geology,%20Relatives%20and%20Time.pdf   
Activities comparing the geologic timeline to generations on a family tree and one year. 

Geology: 

Bowen Basin Geology.  http://www.bowenbasin.cqu.edu.au/basin_data/reg_profile.html  

Australian Energy Resource Assessment: Chapter 5 – Coal (pp. 131-170). 
http://adl.brs.gov.au/data/warehouse/pe_aera_d9aae_002/aeraCh_05.pdf  

The Road to Fossilization.  National Park Service, U.S. Department of the Interior. 
http://www.nps.gov/fobu/forteachers/upload/Road%20to%20Fossilization10jul06.pdf Boardgame to 
learn process and vocabulary of fossilization. 

The Permian: 

The Permian: Terrestrial Animal Life and Evolution of Herbivores.  Smithsonian National Museum 
of Natural History (Department of Paleobiology). 
http://paleobiology.si.edu/geotime/main/htmlversion/permian2.html  

Hoffman, Hillel J. The Permian Extinction – When Life Nearly Came to an End.  National 
Geographic.  http://science.nationalgeographic.com/science/prehistoric-world/permian-
extinction/#page=1  

Stamell, G., Ticotsky, A., Quadon, R., and Lyneis, D.(1999)  The Mammoth Extinction Game.  The 
Creative Learning Exchange. Volume 8, number 3, pp. 3-8. 
http://www.clexchange.org/ftp/newsletter/CLEx08.3.pdf  Dice game to introduction to how 
extinction can happen when environmental conditions (eg. introduction of hunters) change. 

Mass Extinctions of the Phanerozoic  (1996).  Hooper Virtual Palaeontological Museum.  
http://hannover.park.org/Canada/Museum/extinction/extincmenu.html  

Anna Goodwin, Jon Wyles and Alex Morley (2001). Recovery from the Permo-Triassic Filter.  
Palaeobiology and Biodiversity Research Group, University of Bristol.  
http://palaeo.gly.bris.ac.uk/palaeofiles/permian/survivors.html  

Some Suggested Reading: 

Benton, Michael (2003).  When life nearly died: the greatest mass extinction of all time. 

Jenkins, Steve (2005).  Prehistoric Actual Size. 

http://pubs.usgs.gov/gip/geotime/age.html
http://www.bgs.ac.uk/discoveringGeology/time/timeline/home.html
http://www.cotf.edu/ete/modules/msese/earthsysflr/geo_activity.html
http://www.esrl.noaa.gov/gmd/education/lesson_plans/Using%20Radioactive%20Decay%20to%20Determine%20Geologic%20Age.pdf
http://www.esrl.noaa.gov/gmd/education/lesson_plans/Using%20Radioactive%20Decay%20to%20Determine%20Geologic%20Age.pdf
http://dnr.louisiana.gov/assets/TAD/education/BGBB/1/activity.html
http://www.nps.gov/fobu/forteachers/upload/Geology,%20Relatives%20and%20Time.pdf
http://www.bowenbasin.cqu.edu.au/basin_data/reg_profile.html
http://adl.brs.gov.au/data/warehouse/pe_aera_d9aae_002/aeraCh_05.pdf
http://www.nps.gov/fobu/forteachers/upload/Road%20to%20Fossilization10jul06.pdf
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