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458 Jacaranda Core Science Stage 5

    TOPIC 12
Life goes on 

  12.1  Overview 
 Numerous  videos  and  interactivities  are embedded just where you need them, at the point of learning, in 
your learnON title at  www.jacplus.com.au . They will help you to learn the content and concepts covered 
in this topic.  

 12.1.1 Why learn this? 
 Fossils show us that life on Earth has changed over time. Some species such as the dinosaur shown in this 
picture have become extinct. New species have arisen as well. Evolution has occurred. How has this hap-
pened? What is the mechanism through which the process of evolution takes place?   
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  Fossils are evidence of past life. 
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 From the days of the dinosaurs 
 To answer questions online and to receive  immediate feedback and sample responses  for every question, go 
to your learnON title at  www.jacplus.com.au .  Note:  Question numbers may vary slightly. 

 In 1938, a South African museum curator, Marjorie Courtenay-Latimer, pulled a strange blue fi sh from a 
fi sherman’s catch. It was a coelacanth, previously only known from fossils aged between 80 and 360 million 
years old. In 1997, another species was found living in deep waters off the coast of Indonesia. 

 In 1994, National Parks offi cer David Noble was out bushwalking when he stumbled across a strange tree 
deep in the Blue Mountains, New South Wales. It 
looked like nothing alive today, but similar to the 200 
million year old  Araucariaceae  family. It was described 
as ‘. . . the equivalent of fi nding a small dinosaur’. There 
are only about 100 Wollemi pines alive in their protected 
natural location. To ensure the survival of this rarest of 
tree species, Wollemi pines are being cultivated for sale 
through nurseries. 

 Thinking about fossils  
1.   Study the picture of the coelacanth. Do you notice

anything unusual about the fi ns of this fi sh?  
2.   The coelacanth is a lobe-fi n fi sh. Find out what that means.    
3.   Look at the pictures of the Wollemi pine. Compare the

Wollemi tree to other conifers such as pine trees.   
4.   The coelacanth and the Wollemi tree have both been 

called ’living fossils’. Explain why.  
5.   A habitat is a place where an organism lives and 

obtains its food, water, shelter and any other 
requirements for survival. What might the habitats of 
these ‘living fossils’ have in common?  

6.   Why do you think these species have survived 
unchanged for millions of years when others haven’t?  

7.  (A)        What threats could modern society pose to the 
survival of these rare species?  

(B)   How could these threats be minimised?      

 Five minutes to midnight 
 If we compressed the Earth’s 4.5 billion year history 
into a single year, Earth would have formed on January 
1 and the present time would be represented by the 
stroke of midnight on 31 December. Using this time 
scale, the fi rst primitive microbial life forms appeared in 
late March, followed by more complex photosynthetic 
micro-organisms towards the end of May. Land plants 
and animals emerged from the seas in mid-November. 
Dinosaurs arrived early on the morning of 13 December 
and then disappeared forever in the evening of 25 
December. Although human-like creatures appeared in 
Africa during the evening of 31 December, it was not 
until about fi ve minutes before the New Year that our 
species,  Homo sapiens  appeared on Earth.  
1.   Four-and-a-half billion years is a very long time. 

What is the advantage of compressing all the Earth’s 
history into a single year?  

2.   What important message about Earth’s history does 
the paragraph above tell you?   

  A Wollemi pine 

  A coelacanth  

  Male cone of a Wollemi pine 
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12.2 Life has changed
12.2.1 The fossil record
Fossils provide evidence that life has changed over time. Life forms that used to exist on Earth no longer 
exist. Studying the fossil record also provides evidence that life forms have become more complex over time.

A fossil is evidence of past life. Fossils can be parts of an organism, such as its bones, teeth, feathers, 
scales, branches or leaves. Usually when an organism dies, micro-organisms cause so much decay that 
eventually no part of it remains. However, if an organism is covered shortly after its death by dirt, mud, silt 
or lava (as can happen, for example, if it becomes trapped in a mudslide or in the silt at the bottom of the 
ocean), the micro-organisms that cause the decay cannot work. This is because there is no oxygen. Over 
millions of years, the material covering the dead organism is compressed and turned into rock, preserving 
the fossil within it.

The fossil record indicates that huge reptiles used to roam the Earth.

1. A dinosaur dies and is quickly covered by sediment.

3. The fossil is �attened by the layers of rock.

2. Over time, the sediment turns into rock. The remains of the 
 dinosaur turn into a fossil.

4. The rock is folded and eroded and the fossil can be seen
    on the surface.

3. The fossil is flattened by the layers of rock. 
4.  The rock is folded and eroded and the fossil can 

be seen on the surface 

1. A dinosaur dies and is quickly covered by sediment.

3. The fossil is �attened by the layers of rock.

2. Over time, the sediment turns into rock. The remains of the 
 dinosaur turn into a fossil.

4. The rock is folded and eroded and the fossil can be seen
    on the surface.

1.  A dinosaur dies and is quickly covered by 
sediment

2.  Over time, the sediment turns into rock. The 
remains of the dinosaur turn into a fossil.
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 Fossils can also be footprints, burrows and other evidence that an organism existed in the area. For 
example, a dinosaur track has been discovered in the Otway Range in southern Victoria. By observing the 
footprints in the track,  palaeontologists , who study fossils, can work out the size, weight and speed of the 
dinosaur that made them.  

     12.2.2 Types of fossils 
 Examples of fossils include moulds, casts, imprints, petrifi ed organisms, as well as whole organisms that 
have been preserved by being frozen or trapped in amber.          

  Cast — a rock with the shape of an organism 
protruding (sticking out) from it 

  Carbon imprint — the dark print of an organism that 
can be seen on a rock 

  Whole organism — larger organisms that have been 
preserved whole by being mummifi ed or frozen, 
such as this baby mammoth found in 2007 in 
Siberia 

  Mould — a rock that has an impression (hollow) of 
an organism 
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  Amber fossils — parts of plants, insects or other 
small animals that have been trapped in a clear 
substance called amber 

  Petrifi ed fossil — organic material of living things 
that has been replaced by minerals. The photograph 
below shows petrifi ed wood. 

 INVESTIGATION 12.1 

 Studying fossils 
  AIM:  To investigate the different types of fossil (cast, mould, imprint or other) 

   You will need:   
  fossils, fossil casts or pictures of fossils  

 Copy and complete the table below for each type of fossil.  

 Name  Description  Type of fossil (cast, mould, imprint or other) 

         

         

 12.2 Exercise: Remember and think 
 To answer questions online and to receive  immediate feedback and sample responses  for every question, go 
to your learnON title at  www.jacplus.com.au .  Note:  Question numbers may vary slightly. 

 Remember  
1.   Match the words in the table below with their meanings.   

2.   Copy and complete the following statements using these words: amber, bacteria, covered, decay, 
droppings, evidence, footprints, fossilise, minerals, partial, petrifi ed remains.  
(a)   Fossils are _______________ of past life. They may include preserved or fossilised _______________ or an 

entire organism, as well as ________________ and fossilised ________________.  

 Words  Meanings 

 (a) Fossil  (i) Organisms trapped in this substance may be preserved. 

 (b) Palaeontologist  (ii) A black print left behind after the organism decomposes 

 (c) Sedimentary  (iii) Evidence of past life 

 (d) Carbon imprint  (iv) Scientist who studies fossils 

 (e) Amber  (v) The type of rock where fossils may be found 
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(b)   Most organisms are broken down by ________________ after they die.  
(c)   If an organism is _______________ by sediments soon after death it may not ________________. The 

organism may _______________.  
(d)   ________________ wood looks like wood but the substances that make up the wood have been replaced 

by ________________.  
(e)   Insects may be preserved if they become trapped in ________________.    

3.   Use a diagram to  explain  the difference between a mould and a cast.  
4. Outline  the conditions that need to be present to ensure that fossilisation occurs.   

 Think and analyse  
5. Explain  why teeth, shells and branches are 

more likely to fossilise than muscle tissue, skin 
or fl ower petals.  

6. Explain  why fossils are usually found in 
sedimentary rocks rather than igneous rocks.  

7. Deduce  why very few organisms are preserved 
as fossils.  

8. Examine  the picture of the fossilised dinosaur 
at right. Then write a brief description of the 
animal, including what it may have eaten and 
how it may have moved. Why do you think it 
had so many large openings in its skull?  

9. Examine  the dinosaur track below right to 
decide:  
(a)   which dinosaur walked along this track fi rst, 

and which walked here last  
(b)   which dinosaurs most probably walked on 

two legs, and which most probably walked on four  
(c)   which dinosaur hopped  
(d)   which dinosaur was the heaviest.       

10.   Use an image search engine to locate images of each of the types of fossils listed in the table in 
 Investigation 12.1 . Cut and paste the pictures in a word document. Write a caption for each image. The 
caption should include the name of the fossilised organism shown in the picture, the location where the 
fossil was found and the type of fossil (e.g. cast).  

11.   There are a number of great fossil sites in Australia. Use the  Fossils   weblinks  in the Resources tab and 
other sources to investigate one of the following fossil sites: Naracoote, Riversleigh, Bluff Downs, Murgon, 
Lightning Ridge. 

Summarise  information about the fossil site 
you have chosen under the following headings:  

(a)   Why the area is rich in fossils.  
(b)   Examples of fossils that have been found 

here.  
(c)   Age of the fossils found in this area.  
(d)   Important information revealed by the fossils 

found in this area.    
12.   Test your knowledge of all things old by 

completing the  Revelation ‘Fossils’  interactivity. 
Success rewards you with a video interview with 
a paleontologist where you can see some real fossils.   

A fossilised dinosaur

 Explore more with these weblinks: Fossils

 Try out this interactivity: Revelation ‘Fossils’ (int-1018)

   Complete this digital doc:   Worksheet 12.1: Fossils      (doc-12815)     

   RESOURCES — ONLINE ONLY  

C

A

B

D
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12.3 Tracks through time
12.3.1 Geological time
The fossil record provides information about the order in which groups of living things appeared on Earth. 
Very ancient rocks contain evidence of only very simple bacteria like organisms. Fossil evidence of more 
complex life forms is found only in rocks that formed more recently.

Scientists estimate that the Earth is about 4.6 billion years old. To make it easier to talk about the his-
tory of the Earth, geologists have divided this time into 5 eras. These eras are in turn divided into shorter 
blocks of time called periods. For example the Mesozoic is divided into 3 periods: the Triassic, Jurassic and 
Cretaceous.
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The fossil record provides an incomplete picture of life as it existed on Earth.
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 12.3.2 Life on earth 
 By studying rocks and fossils, palaeontologists have been able to piece together the story of life on Earth. 
The Precambrian Earth (prior to the Cambrian period) was very different to the planet we live on today. 
Evidence in rocks shows that there was no oxygen in the air. Animals could not have survived. There was 
also no ozone layer. The ozone layer screens out a large portion of the harmful UV rays from the sun. 
Without it, life on land would have been impossible and early life forms were restricted to bodies of water. 

 The oldest fossils are fossil evidence of prokaryotic life. Prokaryotes are single-celled organisms that 
lack a true nucleus. Bacteria are prokaryotes. Archae are another type of prokaryotic organism. They are 
similar to bacteria but their cell walls have a different composition and they also have some important 
genetic differences. Evidence of prokaryotic life forms has been found in rocks that are about 3.5 billion 
years old. 

 At some stage prokaryotes that could carry out photosynthesis appeared. As they carried out 
photosynthesis they produced oxygen. The oxygen reacted with some substances in the oceans initially, 
and then gradually built up in the atmosphere. The type of minerals 
found in ancient rocks show that oxygen levels increased dramatically 
around 2.2 billion years ago. Some of the oxygen would have been 
converted to ozone in the atmosphere and the ozone layer would have 
started to form. 

 The � rst eukaryotic cells (cells with a nucleus) appeared around 1.8 
billion years ago. They were followed by the � rst multicellular organisms. 
Multicellular organisms have more than one cell, so they can grow larger 
and their cells can become specialised for particular functions. 

 About 500 million years ago � sh — the � rst  vertebrates  — made 
their � rst appearance in the fossil record. Plants then colonised the land, 
mosses and liverworts � rst. They could not grow very tall as they have 
no structures capable of taking water from the bottom to the top of  the 
plant. However, ferns have such structures, and they were the next group 
of plants to appear on land.     

 Over 300 million years ago, during the Devonian and Carboniferous periods, plants had developed into 
a variety of complex forms. Close relatives of the horsetails, clubmosses and ferns formed vast ancient for-
ests. Thick layers of their rotting remains became solidi� ed over time, to form the coal beds found today. 
About 350 million years ago, the � rst seed-producing plants appeared.  Gymnosperms  were the dominant 
plants in the Permian, Triassic and Jurassic periods. Gymnosperms such as conifers, cycads and maiden 
hair trees are living descendants of the � rst pollen-producing plants. It was during the Cretaceous period, 
about 135 million years ago, when dinosaurs still � ourished, that � owering plants appeared. During this 

  Mosses and liverworts have 
no conducting tissue so 
they cannot grow very tall. 

 HOW ABOUT THAT! 

 World’s oldest fossils found in Pilbara,  Australia 
 Recently scientists analysing rocks from the Pilbara discovered traces of 
ancient bacteria. The rocks have been estimated to be 3.49 billion years 
old. These could turn out to be the oldest fossils ever described. 

 The fossils consist of textures on the surface of sandstone. They are 
believed to be formed by the action of bacteria. The bacteria form thick 
mats. Sand becomes trapped and glued together in the bacterial mats and 
turns into rock over time. 

 The Pilbara once formed part of the shoreline of an ancient sea. In some 
areas sedimentary rocks that formed billions of years ago are exposed, so 
it is a great place to look for fossil evidence of the earliest life forms.  

   Strelley Pool in the Pilbara  
Photo: David Wacey  
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period,  angiosperms  or fl owering 
plants became the dominant plants. 
These plants were closely related to 
those found today. 

 12.3.3 Pollen power 
 Fossilised pollen grains survive 
for millions of years. By studying 
ancient pollen, scientists can inves-
tigate vegetation that existed in the 
past. In Australia the oldest fossil 
pollen from a fl owering plant is from 
the native holly genus  Ilex . Millions 
of years ago, most of the surface of 
Australia was covered by 
forests. Over time, Australia 
gradually became drier. The 
change in climate resulted in 
fewer rainforests. Eucalypts, 
acacias and proteas, with 
their tough, hard leaves and 
often woody fruits, were well 
suited to these dry conditions. 
Pollen fossil  evidence sug-
gests that eucalyptus plants 
appeared about 30 million 
years ago. 

 Animals invaded the land 
as well. The fossil record 
shows that amphibians were 
the fi rst vertebrates to live on 
land. Reptiles appeared next 
and dominated the landscape 
during the Triassic, Jurassic 
and most of the Cretaceous 
periods. Dinosaurs were the 
largest reptiles to ever live on 
Earth. As dinosaur numbers 
dwindled, two other groups 
of vertebrates became more 
dominant, birds and mam-
mals. Invertebrates also took 
to the land around the same 
time as amphibians. Today, 
insects are the most abundant 
type of land invertebrate.  
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 12.3.4 Plants tell tales of history 
 The Centre for Plant Biodiversity Research houses the 
Australian National Herbarium (ANH).    The ANH contains over 
six million specimens of plants dating from the earliest days of 
European exploration, including specimens collected by Joseph 
Banks, the botanist who accompanied James Cook on board 
the  Endeavour . Each specimen has its own story and history 
documented. This has enabled the ANH to maintain a histor-
ical record of over 200 years of changes to our vegetation. The 
records that ANH have kept have also enabled monitoring of 
the changes in the names given to plants over the last 200 years 
in Australia. Their plant information system, which is based on 
accurately named and labelled specimens, ensures the currency 
of names as we continue to fi nd out more about our Australian 
plants. 

 12.3.5 ePlants 
 The Australian National Herbarium maintains a database in 
which you are able to search for information about many dif-
ferent plants online. AVH is a dynamic project that includes 
many plans for future developments. Perhaps you will be a 
part of this project in the future, providing images and descrip-
tions or creating identifi cation tools for future generations?       

The Australian National Herbarium 
has maintained an extensive history 
of Australia’s vegetation. The plant 
below is a Kurrajong, Brachychiton 
populneus, which is native to eastern 
Australia and was used as a source 
of water, food and bark by Aboriginal 
peoples.

  An example of a label from the Australian 
National Herbarium: each label includes the 
plant names, basic details about where, when 
and by whom it was collected, and information 
about the habitat and the appearance of the 
plant. All these details are stored in a database 
so that they can be managed and made 
available for research and analysis. 

  Australia’s Virtual Herbarium (AVH) is an online resource. 
It provides access to plant specimen data held by 
Australian herbaria. 

 HOW ABOUT THAT! 
 It is thought that over 4 000 000 000 000 different kinds 
of living things have, at one time, inhabited the Earth; 
however, only 250 000 of these organisms have been 
discovered as fossils. 
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INVESTIGATION 12.2

4.6 billion years of history
AIM: To create a timeline of the history of the Earth

You will need:
roll of toilet paper, cash register tape or similar

• Use the roll of paper to create a timeline of the history of the Earth. 1 cm of tape will represent 10 million 
years.

• The timeline will start 4.6 billion years ago.
1 cm = 10 million years
___________ cm = 4.6 million years
___________ cm = 4.6 billion years
___________ m = 4.6 billion years

• Begin by copying and completing the 
table at right for each event shown in the 
fossil record diagram.

• Now mark the events on your timeline 
and illustrate your timeline with 
appropriate diagrams to represent the 
various events.

Discussion
1. A student was describing the evolution of life on Earth and wrote ‘for much of Earth’s history not much 

happened’. Is the statement justified?
2. Explain why a long roll of paper is necessary to construct this timeline.

Event When event occurred

   

12.3 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Account for the fact that humans could not have survived on Earth 4.5 billion years ago.
2. Describe the first living things to inhabit the Earth.
3. Distinguish between prokaryotes and eukaryotes.
4. Organise the following groups of plants in the order in which they appeared on Earth: flowering plants, 

ferns, algae, conifers, mosses.
5. List the five groups of vertebrates in the order in which they appeared on Earth.
6. Identify the following group of organisms:

(a) first animals to live on land
(b) first organisms to carry out photosynthesis
(c) first plants to live on land.

7. Which characteristics make eucalypts well suited to the dry Australian environment?

Think
8. Explain why the fossil record is incomplete.
9. Suggest why flower fossils are very scarce.

10. If a botanist studies plants and a palaeontologist studies fossils, what do you think a palaeobotanist 
studies?

11. Why is it important to collect and catalogue samples of Australian plants?
12. What are the benefits of having a digital database containing all the details of the plant samples stored at 

the Australian National Herbarium? Why is a digital database better than just keeping printed records stored 
at the herbarium?

UNCORRECTED P
AGE P

ROOFS



TOPIC 12 Life goes on 469

c12LifeGoesOn Page 469 01/11/17  12:09 AM

12.4 Analysing the fossil record
12.4.1 Absolute or relative
Fossils can provide a great deal of information about life forms that used to inhabit the Earth. How do we 
know which fossils are most ancient and is it possible to determine the actual age of some fossils?

The absolute age of a fossil is an estimate of its actual age. For example, a palaeontologist might deter-
mine that a fossil is around 100 000 years old. That is its absolute age. The methods used to date fossils are 
never 100% accurate, so the age is always an estimate. Some methods used to date fossils provide a more 
accurate estimate than others.

The relative age of a fossil indicates whether it is younger or older than other fossils or rocks, but it does 
not give its actual age. For example a palaeontologist might work out that a fossil is younger than fossil A 
(known to be 200 000 years old) but older than fossil B (known to be 50 000 years old), so the relative age 
of the fossil might be given as 50 000 to 200 000 years old.

Skill builder
13. Extract the following information from the fossil record diagram.

(a) List the three periods that make up the Mesozoic.
(b) Which era and period are we currently in?
(c) Which was first: the Jurassic or Triassic?
(d) During which era and period did worms first appear in the fossil record?
(e) How long have insects existed on Earth?
(f) Look at the scale on the fossil record diagram carefully. Is it evenly spaced? Discuss whether setting out 

the scale in this manner is the best way of displaying the geological time scale.
(g) The times given in the timeline are approximate. Explain why.
(h) Dinosaurs were extinct by the end of the Cretaceous period.

(i) Is it likely that some species of dinosaurs fed on seed plants? Justify your answer using information 
from the fossil record diagram.

(ii) Could humans have caused the extinction of dinosaurs? Justify your answer using information from 
the fossil record diagram.

Investigate
14. Have the class divide into groups. Each group chooses a particular geological era or period to illustrate in 

poster form. Start by doing some research. What were the dominant life forms? What were the atmosphere 
and vegetation like? You may wish to include some labels within your drawing. Display your finished posters 
in the classroom as an illustrated guide to the major eras of evolution.

15. The ginkgo or maidenhair tree is often described as a living fossil. It is descended from trees that date back 
to the Triassic period, about 200 million years ago. Find out how it differs from the other groups of living 
gymnosperms, such as conifers and cycads. Suggest reasons for the differences.

16. Find out more about the following ancient plants:
(a) giant clubmoss, Archaeosigillaria
(b) horsetails
(c) Lepidodendron
(d) Cooksonia
(e) Baragwanathia.

Complete this digital doc: Worksheet 12.2: Geological time (doc-12816)

 RESOURCES — ONLINE ONLY
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 12.4.2 Rock layers 
 Fossils are found in sedimentary rock. Sedimentary rock forms from layers of sediments that have built up 
over time and have become cemented (stuck together). The older layers of sediments were laid down fi rst, 
so if we look at a cross-section of sedimentary rock the older rock layers are usually on the bottom and the 
younger rock layers are at the top. If any living thing was trapped in the rock layer at the time it was laid 
down, there is a chance it may have been fossilised. It would therefore be approximately the same age as 
the rock that surrounds it. This can help us work out the relative age of the fossil. 

 This method for dating fossils does need to be used with care, however, as the plates in which the rocks 
lie are still moving. It is possible that a layer (or layers) containing fossils could have been thrust upwards 
by a sideways force to form a  fold , or broken and moved apart in opposite vertical directions to form a fault. 

 The oldest rocks discovered so far have been found in Canada and are thought to be around 4550 million 
years old. The Earth is thought to be about 4600 million years old.   

 12.4.3 Carbon dating 
 Radiometric dating is a technique used to determine the absolute age of rocks and fossils. The age of fossils 
up to 50 000 years old can be determined by a type of radiometric dating called carbon dating. All living 
things contain carbon. Most of the carbon in living things is carbon-12 but a small amount is carbon-14. 
Carbon-14 is not stable and decays into nitrogen over time. After an organism dies, the carbon-14 decays 
but the carbon-12 does not so that the ratio of carbon-14 to carbon-12 decreases gradually. By measuring 
this ratio we can tell how old the fossil is.  

 Radiometric dating can also be used to determine the age of ancient rocks. Instead of measuring the 
levels of carbon-14, other isotopes may be used. For example, the amount of uranium-238 and uranium-235 
in the rock might be measured. Uranium-238 decays into lead-206. It has a half-life of 4.47 billion years. 
That means that it takes 4.47 billion years for half the uranium-238 in the rock to be converted to lead-206. 
Uranium-235 decays into lead-207 and has a half-life of 704 million years. By working out the amount of 
each type of uranium that has been converted to lead in the rock, it is possible to determine the age of the 
rock. Both forms of uranium decay a lot more slowly than carbon-14, so this technique makes it possible to 
date rocks that are much older than 50 000 years old.    

T
im

e

Newest rocks

Oldest rocks

  We can determine the relative 
age of fossils by looking at their 
position in rock layers. 

       The formation of folds and faults can cause changes in 
the rock layers.  

(a) Folds

(b) Faults

Plane of the fault

Block thrown 
down

Block 
thrown up
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Over time the uranium present in the rocks 
decays into lead. The half-life of uranium is the 
amount of time it takes for half the uranium 
initially present in the rock to decay into lead.

12.4 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Copy and complete the statements below using the following words: age, bottom, carbon-14, faults, folds, 

lead-206, top.
(a) In sedimentary rock layers the youngest rock is usually at the ______________ and the oldest rock is at the 

__________________.
(b) Fossils are approximately the same _____________ as the layer of rock in which they are found.
(c) The formation of ________________ and _________ can disturb rock layers.

(d) A fossilised organism that died 15 000 years ago will contain more ___________ than a 30 000 year old 
fossil.

(e) To date rocks older than 50 000 years old scientists might measure the amount of uranium-238 and 
_________________ in the rock.

Think and analyse
2. Contrast absolute and relative dating.
3. Explain why carbon dating cannot be used to date objects older than 50 000 years.
4. The layers of rock shown in the illustration 

at right have been disturbed by plate 
movements. Answer the questions that 
follow.
(a) Was the plate movement caused by 

folding or faulting?
(b) Which of the labelled layers of rock is 

youngest? Justify your answer.
(c) Which of the labelled layers of rock is 

oldest? Justify your answer.
5. Examine the graph above showing the 

decay of carbon-14. The half-life of an 
isotope is the amount of time it takes for 
its radioactivity to halve.
(a) How long did it take for the radioactivity 

of carbon-14 to drop to 50%?
(b) What is the half-life of carbon-14?
(c) Will the radioactivity ever be zero? 

Explain your answer.

A

B

C

D
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6.   Study the diagram at right. It shows some layers of 
sedimentary rocks and the fossils found in some of the 
layers of rocks. Use the diagram to  deduce  the answer 
to these questions:      
(a)   Which rock layer is:  

(i)   youngest  
(ii)   oldest?    

(b)   Is layer B younger or older than layer C?  
(c)   If ammonites became extinct 65 million years ago, 

what can we say about the fossils in layer C?    
7.    Examine  the diagram below and  deduce  the answers to 

the following questions.  
(a)   Write down the names of the fossils in order from 

youngest to oldest.  
(b)   Out of all the fossil layers numbered 1–11 which layer 

is oldest? How can you tell? 

     Names of fossil for each layer: 
 1   = Dinosaur bone 
 2   = Gastropod 
 3   = Cycad leaf 
 4   = Ammonite 
 5   = Brachiopod 
 6   = Dinosaur bone 
 7   = Cycad leaf 
 8   = Ammonite 
 9   = Brachiopod 
 10 = Fern 
 11 = Trilobite.     

A

B

C

D

E

F

Sandstone

Shale

Limestone

Dolomite

Key to rock units

Shark’s tooth

Ichthyosaur

Ammonite

Foraminifera

Crinoid

Eurypterid

Trilobite

Brachiopod

Key to fossils

Key to fossils

Dinosaur bone
Gastropod
Cycad leaf
Ammonite

Brachiopod
Fern
Trilobite

   Complete this digital doc:   Worksheet 12.3: Ages of fossils      (doc-12817)     

   RESOURCES — ONLINE ONLY  

Dinosaur bone
Gastropod
Cycad leaf
Ammonite

Key to fossils

Brachiopod
Fern
Trilobite
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12.5 The theory of evolution
12.5.1 The development of a theory
The theory of evolution is that every organism on Earth is a descendant of those that lived millions of years 
ago. Species change and evolve, and two different species may be related, through many, many genera-
tions, to an ancestral species (a common ancestor). When these ideas were first presented they were very 
controversial. Until this time, most scientists believed the Earth’s organisms were the unchanging work of 
a creator, God, and that the Earth was only a few thousand years old. Today the theory is widely accepted 
by the scientific community.

The idea that living things have evolved over time is usually associated with Charles Darwin, but it was 
proposed before Darwin was even born. The timeline below shows a few of the scientists whose ideas have 
contributed to the current theory of evolution.

12.5.2 Lamarck’s ideas: considered then modified
Jean Baptiste Lamarck (1744–1829) was one of the first scientists to suggest that evolution occurred; that 
is, that populations of organisms changed over time, and that new species had arisen and others had died 
out. He proposed a mechanism for evolution that was initially considered then later rejected. He suggested 
that changes acquired by an individual during its lifetime could be passed on to its offspring. For example, 
giraffes had become long necked because they had stretched towards leaves high up on trees, and this 
elongated neck had been passed on to their offspring. He also believed that if an individual did not use a 
particular feature, it would shrink and gradually be lost over succeeding generations. Although his theory 
of the inheritance of acquired characteristics is now discredited, he made many valid observations about 
diversity in living things.

Founder of taxonomy, the branch 
of biology concerned with naming 
and classifying the diverse forms 
of life.

1700 1750 1800 1850 1900 1950 2000

Played a key role in the development
of palaeontology (the study of fossils);
recognised that fossils in deeper strata
were older and those in strata closer
to the surface were more recent.

Demolished Lamarck’s theory that
acquired traits could be inherited
and suggested that chromosomes
were the basis of heredity.

Developed the theory of evolution
by natural selection.

Developed the theory of evolution by natural selection.

Responsible for concept of the ‘survival of the fittest’.

Responsible for the development of the fundamentals 
of the genetic basis of inheritance. His ‘gene idea’ 
was recognised 34 years after his death and provided 
a mechanism for natural selection.

Involved in the formulation of a
modern theory of Darwinian
evolution that incorporated
developments in genetics
and palaeontology.

Explained how specific adaptations 
evolved by use and disuse and 
the inheritance of acquired 
characteristics.

Proposed theory of gradualism, which
suggested that Earth’s geological features
were due to the cumulative product of
slow but continuous processes.

Was Charles Darwin’s grandfather 
and believed that evolution was 
by ‘inheritance of acquired 
characteristics’.

 
Incorporated Hutton’s gradualism
into uniformitarianism theory,
which said that the Earth’s
geological processes have not
changed.

Jean-Baptiste de Lamarck (1744–1829)

James Hutton (1726–1797)

Erasmus Darwin (1731–1802)

Carolus Linnaeus (1708–1778)

Baron Georges Cuvier (1769–1832)

Sir Charles Lyell ( 1797–1875)

August Weismann (1834–1914)

Sir Julian Huxley (1887–1975)

Charles Darwin (1809–1882)

Alfred Wallace (1823–1913)

Herbert Spencer (1820–1903)

Gregor Mendel (1822–1884)

Charles Darwin

Alfred Wallace
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      There are many examples that illus-
trate that Lamarck’s proposed mecha-
nism for evolution is not an accurate 
description of the way evolution 
occurs. Lifting weights can increase 
muscle size, but body builders do not 
produce children who are unusually 
muscular. Plastic surgery can be used 
to modify the shape of a nose, but a 
person who has cosmetic surgery on 
their nose will not pass on the new 
nose to their children. August Weis-
mann, a German biologist, carried out 
a simple experiment to test Lamarck’s 
hypothesis. He chopped off the tails 
of some rats and allowed the rats to 
breed. If Lamarck had been correct, 
the characteristic the rats had acquired during their life (a severed tail) should have been passed on to the 
rats’ offspring. When the rats produced a litter of baby rats all the babies had full length tails, thus showing 
that a characteristic acquired during the life of the rats had not been passed on to the next generation.   

 12.5.3 Charles Darwin 
 Darwin spent most of his life developing his theory of evolution by natural selection. As a child he showed 
a fascination for the natural world. His father would have liked him to become a doctor or clergyman but 
his real passion was in the area of Science. Some of his teachers at university recognised his talent and rec-
ommended him when naval lieutenant Robert FitzRoy was looking for someone to accompany him on a trip 
to chart the coastline and investigate the fauna and fl ora of South America and other southern landmasses. 
Darwin was thus invited to join the crew of  HMS Beagle.  He was just 22 when the ship set sail in 1831. The 
trip lasted 5 years and took him to the Brazilian jungles, the Andes Mountains, the Argentine grasslands and 
Australia. Darwin’s travels opened his eyes to the vast range of animal and plant species on Earth. 

  Surgery has changed this woman’s nose but her genetic make-up 
has not been changed by the surgery. She may pass on the allele 
that codes for a bumpy nose to her children. 

Equator

North
Pacific 
Ocean

South
Atlantic
Ocean

Indian
Ocean

South
Pacific 
Ocean

North
Pacific 
Ocean

North
Atlantic
Ocean

Equator
South

America

North
America

Africa

Asia

Australia

British
Isles

Sydney
Rio de Janeiro

Montevideo
Port Desire

Valparaiso

Falkland Is.

Galapagos Is.

  The  Beagle ’s voyage 
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 Darwin was particularly fascinated by variations between similar species. During his journey, Darwin visited 
the Galapagos Islands, which are home to at least 13 species of fi nch. He noticed that the different fi nch species 
were similar in colour and size, but had  variations  in their beaks that made them suited to the food sources 
available on their particular island. Some used twigs to extract insect larvae from tree branches, some drank 
blood from seabirds, some removed ticks from tortoises, and some ate seeds, leaves and fl owers. 

 He proposed that all species of fi nches in the Galapagos were the descendants of one shared, ancestral 
species, a ground-dwelling, seed-eating fi nch, which had migrated out to all the islands from the mainland. 
Over many generations the different groups of fi nches had evolved to suit their different environments and 
feeding habits. The groups of fi nches are now so different from one another that they do not interbreed. 
They have become separate species.  

 Charles Darwin spent 61 days in Australia in 
1836. He visited Sydney, Bathurst, Hobart and 
King George’s Sound in Western Australia. In 
Bathurst he was fortunate to see a platypus. He 
had heard about the curious creatures and made 
the observation that they behaved and were 
similar in appearance to water rats. Despite 
being clearly different species, they had similar 
features that made them ideally suited to life 
in streams. The observations he made and the 
specimen he collected while in Australia infl u-
enced his thinking about evolution. 

 Charles Darwin was reluctant to publish his 
theory of evolution by natural selection. He 
wrote an early draft of his theory as early as 
1841 but did not present his ideas formally until 
much later. In the meanwhile another naturalist 
by the name of Alfred Wallace was coming up 

Seeds

Grubs

Insects

Leaves

Tool-using

Buds and fruit

Darwin’s
finches

  Darwin observed that each species of fi nch 
had a beak that matched its method of 
obtaining food. 

     (a)  A population of fi nches live in an area where insects 
are common.  

  (b)  Two members of the population have beaks well 
suited to obtaining insects.  

  (c)  When the population reproduces, these two fi nches 
are better fed and have more offspring than the 
others. Some particularly short-beaked fi nches do not 
survive to reproduce.  

  (d) The next generation has, on average, longer beaks.    

Short beak Longer, thinner beakAverage-length beak

Short beak Average-length beak Longer, thinner beak

Average-length beak Longer, thinner beak

Average-length beak Longer, thinner beak

(a)

(b)

(c)
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with similar ideas. Alfred Wallace’s writings prompted Charles Darwin to publish his Origin of Species. 
Like Darwin, Wallace travelled extensively (in what is today known as Indonesia) and made many detailed 
observations of the variations between species. Wallace wrote to Darwin in 1858 from the East Indies, 
telling him that he had a theory about evolution and natural  selection. Darwin was shocked to realise Wal-
lace had reached the same conclusions as himself. Darwin later described Wallace’s writings as an almost 
perfect summary of his own life’s work. Darwin was encouraged by his colleagues to submit both his paper 
and Wallace’s to the Linnean Society science conference held in London on 1 July 1859. Wallace is recog-
nised as a co-founder of the theory of evolution by natural selection.

12.5.4 Biogeography
Biogeography, the study of variation in living things in relation to geographical regions, is the name given 
to the studies that led Darwin and Wallace to propose their evolutionary theories. They observed in their 
travels that species living in the same area, such as the Galapagos finches, were more similar to each other 
than to species living in similar habitats much further apart. Wallace also observed that geographical fea-
tures such as oceans, rivers and mountain ranges often marked the boundary of a species’ range. When 
Wallace travelled through Indonesia, he noticed that the animals and plants found on the islands of Sumatra 
and Java (in the North West region of Indonesia) were similar to those found in Asia. The animals and plants 
of New Guinea (in the South East of Indonesia) 
were more like those of Australia. He traced a 
line on a map snaked among the islands to show 
the boundary between the two regions. The line 
is now known as Wallace’s Line. Later he iden-
tified 6 regions of the world with distinct fauna 
and flora. These are shown in the map at right. 
Before the theory of evolution was accepted, it 
was thought that species had been created with 
particular adaptations that made them suited to 
the environment in which they lived. If that had 
been the case, the same species should have been 
found wherever conditions were similar. Wallace 
and Darwin observed that this was not the case. 
They separately hypothesised that the adaptations 
were the result of an evolutionary process.

The region to the left of Wallace’s line is ecologically 
quite different to the region to the right.

12.5 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Identify the two people jointly credited with developing the theory of evolution by natural selection.
2. How old did many scientists believe the Earth to be before Darwin’s writings were published?
3. Outline what Darwin observed about the beaks of finches in the Galapagos Islands.
4. In your own words, define:

(a) common ancestry
(b) evolution.

Think
5. Extract the answers to the following questions from the from the timeline. Which of the scientists

(a) was the first to be born
(b) lived the longest
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12.6 Natural selection
12.6.1 Producing offspring
Darwin and Wallace suggested that evolution occurs by natural selection. According to this theory, organ-
isms that are well suited to their environment are more likely to survive long enough to produce offspring 
and also have a better chance of having a large number of offspring. Organisms that are not well suited to 
their environment are out-competed, die young and produce few or no offspring.

12.6.2 Variation
There are variations or differences between members 
of a species. In a rainforest some tree ferns grow faster 
and produce more spores than others. In a herd of sea 
lions certain males will grow larger and have deeper 
voices. Some sharks will be faster and have a better 
sense of smell than others. Butterflies of the same spe-
cies may have slightly different patterns and colours 
on their wings. Importantly, certain variations give an 
advantage. The faster sharks are more likely to catch 
their prey and thus be well fed. The larger sea lions will 
win fights against other males and thus the right to mate 
with more females. The faster growing tree ferns will 
not be shaded by other ferns and will have sufficient 

(c) was born before Darwin
(d) was born after Darwin
(e) lived at the same time as Darwin
(f) is attributed with founding taxonomy
(g) played a key role in the development of palaeontology
(h) is responsible for the development of the fundamentals of genetics
(i) developed the theory of use and disuse and the inheritance of acquired characteristics
(j) demolished Lamarck’s theory and reasoned that chromosomes were the basis of heredity?

6. What was the purpose of the trip aboard HMS Beagle that Darwin was invited to join?
7. In Weismann’s experiment what was the dependent variable?
8. Explain why a finch with a short powerful beak would be more likely to survive in an environment where 

seeds were the main food source.
9. Why is it important for scientists to publish their work?

10. In the days of Darwin there were no telephones or email. Darwin communicated with other people interested 
in evolution through letters. At the time that the Beagle set sail photography was in its infancy. Images of the 
animals and plants seen on the voyage consisted of hand drawings rather than photos.
(a) Suggest how phone or email communication might have impacted on the development of the theory of 

evolution by natural selection.
(b) What would be the advantages of taking photos rather than drawing biological specimens?
(c) Today a whole range of cameras, including digital eyepieces for microscopes, are available, yet 

researchers sometimes prefer to use a drawing rather than a photograph to describe the structure of a 
specimen. Suggest why.

(d) In addition to communication devices and cameras, what other technology could be used today to make 
the trip aboard the Beagle safer and easier?

Complete this digital doc: Worksheet 12.4: Evolution (doc-12818)

 RESOURCES — ONLINE ONLY

Camouflage reduces this butterfly’s chance of 
being eaten before she lays her eggs.
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light to continue to grow. The butter� y with the pattern that offers the best camou� age is less likely to be 
eaten before it can mate and lay eggs.  

 Individuals with favourable variations are more likely to survive longer and produce more offspring. 
Those that possess unfavourable variations are likely to die having produced few or no offspring. A bird 
born with a long thin beak when hard seeds are the only food available will break its beak trying to eat the 
seeds and die of starvation before it can reproduce. A peacock with a small drab tail will fail to attract a 
mate and will not have an opportunity to produce offspring. A bright red caterpillar crawling in green veg-
etation is likely to be eaten by a bird and never go on to become a butter� y and reproduce.  

 12.6.3 Selection 
 The different living (biotic) and non-living (abiotic)  selective agents  in an environment select for survival those 
individuals who are best at surviving and obtaining what they need. In a rainforest the low availability of light 
is a selecting agent. Plants that can get access to light survive. Predators can act as selecting agents. Individuals 
that can outrun or hide from the predator 
live on and reproduce. Chemicals and 
disease-causing organisms can also be 
selective agents. When DDT was � rst used 
as an insecticide it killed most insects. 
A few were naturally resistant to DDT. 
They survived, reproduced and passed on 
their natural resistance to their offspring. 
The process was repeated over many 
generations and now many insects are 
resistant to DDT. Myxomatosis is a virus 
that, when � rst released, was deadly to 
most rabbits. It acted as a selecting agent. 
Those rabbits that did not die reproduced 
and passed on the resistance to the virus. 
The proportion of rabbits that are not 
killed by myxomatosis has increased.  

  Some sharks are faster, giving them an advantage over slower sharks. 

  The � rst plant to grow gets the greater share of limited light. 
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 12.6.4 Competition 
 Often in nature there is not quite enough to go around. 
A pride of lions may � ght each other for larger shares 
of a kill and sea lions compete for mates.  Competition  
is the biological term for the battle between members 
of the same species for a share of any limited resources.  

 12.6.5 Survival of the � ttest 
 Darwin’s theory of evolution by natural selection is 
often described as  survival of the � ttest.  ‘Fittest’ in 
this instance does not mean those who can do the most 
sit-ups! It means that in a population with a range of 
features, those who are the best ‘� t’ to their environ-
ment are selected, survive and breed more successfully 
than their rivals. 

 12.6.6 Selection at work 
 The Galapagos � nches (see section 12.5.2) provide an excellent example of natural selection. Darwin pro-
posed that an ancestral species of � nch had spread to a number of islands. In each place, different sources 
of food were available, and those individuals who had beaks that were better suited to obtain the local food 
survived and reproduced more successfully than others. The offspring of such birds also had these beaks 
and were more successful, until eventually the whole population of � nches occupying that niche showed 
that adaptation. Over many generations, each group evolved to have a beak suited to its particular food.           

  Elephant seals compete for territory and access 
to mates. 

Chance of survival

Individuals with
most favourable

phenotype

Contributing
genetic information
to next generation

Individuals in
population with most
favourable phenotype
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chance of
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Individuals with
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phenotype

Contributing
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to next generation

Individuals in
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favourable phenotype
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over many generations

Predation Climatic factors Disease Competition

Natural selection is the mechanism for evolution.
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INVESTIGATION 12.3

Modelling natural selection
AIM: To model natural selection

You will need:
100 green toothpicks (or rubber bands)
100 red toothpicks (or rubber bands)

• Scatter 50 green toothpicks and 50 red toothpicks over an area of grass measuring at least 10 m × 10 m. The 
toothpicks represent caterpillars.

• One student will be the evil caterpillar-eating bird (ECEB). Allow the ECEB 15 seconds to ‘eat’ (pick up) as 
many of the caterpillars as she can.

• Count how many caterpillars of each colour were eaten. That will tell you how many caterpillars of each 
colour are left in the grass. Record these figures in a result table similar to the one shown below.

• Allow the caterpillars to ‘breed’. For every pair of caterpillars of a particular colour, add a third caterpillar of 
the same colour (e.g. if you have 15 green toothpicks [7 pairs] and 10 red toothpicks [5 pairs] left in the grass 
you should scatter an additional 7 green and 5 red toothpicks in the grass). Record the number of each type 
of caterpillar after breeding in your result table.

• The ECEB will now have two further 15-second feeding frenzies. After each feeding frenzy, record the number 
of each type of caterpillar left in the grass, and allow the caterpillars to ‘breed’.

Discussion
1. Copy and complete the table below.

2. By the end of the experiment were there more green or red caterpillars? Explain why.
3. Do you think one type of caterpillar might eventually become extinct? Why.
4. Explain how this experiment models natural selection.

  Number of caterpillars

Time Red Green

Start 50 50

After first feeding frenzy    

After first mating    

After 2nd feeding frenzy    

After 2nd mating    

After 3rd feeding frenzy    

After 3rd mating    

12.6 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Match the following terms to the correct definitions:

Terms Definitions

(a) Variation (i)  The process by which the biologically fittest individuals survive and reproduce 
more successfully than others

(b) Natural selection (ii) Genetic change in a species over generations

(c) Competition (iii) The range of different structural and behavioural differences in a species

(d) Adaptation (iv) The fight for limited resources between individuals of a species

(e) Evolution (v) A feature which improves an organism’s chance of survival in its environment
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2. Identify  whether the following are  true  or  false . Correct any false statements.  
(a)   During its lifetime, an animal gains adaptations that make it more suited to its environment.  
(b)   In natural selection, one species competes against another and the unsuccessful one dies out.     

 Think  
3.    Distinguish  between the everyday meaning of fi tness 

and the concept of biological fi tness.  
4.   Penicillin is an antibiotic. Antibiotics are used to treat 

many diseases caused by bacteria. When penicillin was 
fi rst discovered it was effective against most bacteria. 
There are now many strains of bacteria which are not 
affected by penicillin.  Account for  this using the theory 
of evolution by natural selection.  

5.    Outline  how the process of natural selection can 
explain why male peacocks have such large colourful 
tails.  

6.   Webbed feet are seen in a number of aquatic animals 
including ducks and the platypus.  Explain  how the 
process of natural selection could have resulted in such 
different species having the same adaptation.      

 Investigate  
7.   The English peppered moth comes in the two varieties 

shown below. Find out why the proportion of each type 
of moth has changed since the industrial revolution. 
( Hint:  The industrial revolution caused the bark of trees 
to darken in areas where the peppered moths live.)    

  There are two types of peppered moths: a dark type and a light type. 

   Complete this digital doc:   Worksheet 12.5: Struggling to survive      (doc-12819)     

   RESOURCES — ONLINE ONLY  
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  12.7  Speciation 
 12.7.1 Do we belong to the same species? 
 Natural selection explains how species change over time, but how do new species evolve? 

 A species is a group 
of organisms capable 
of interbreeding to pro-
duce fertile offspring. 
The dogs in the photo 
at right belong to dif-
ferent breeds but they 
all belong to the same 
species. They can be 
crossed and the puppies 
produced will generally be fertile — they will be able to produce 
offspring. Dogs and cats do not belong to the same species. Even if 
a cat and a dog mated no offspring would be produced. It is not pos-
sible for an egg from one of these species to be fertilised by a sperm 
cell from the other species and produce a viable zygote. There are 
a few species that can interbreed but the offspring are not fertile. A 
lion and a tiger can occasionally produce a sterile liger and a horse 
and a donkey have been known to produce a mule. 

 12.7.2 New species 
 The formation of new species is called  speciation . There are two 
ways in which speciation can occur.  Phyletic evolution  occurs when 
a population of a species progressively changes over time to become 
a new species.  Branching evolution  or  divergent evolution  is more 
common; in this case, a population is divided into two or more new 
populations that are prevented from interbreeding. When different 
selection pressures act on each population, different characteristics 
are selected for. Over generations, these new populations may 
become so different from each other that they can no longer 
interbreed and produce fertile offspring. At this point, they have 
become two different species.      

 Divergent evolution 
 Divergent evolution is a type of evolution in which new species 
evolve from a shared ancestral species. That is, two or more new 
species share a common ancestor. At some point in history there 
has been a barrier (such as a geographical barrier, for example 
a mountain or ocean) that has divided the population into two 
or more populations and has also interfered with interbreeding 
between the populations.  

 Exposure of these populations to different selection pressures 
will result in the selection of different variations or phenotypes. 
Over time, the populations may become so different that even if 
they were brought back together they would be unable to pro-
duce fertile offspring. It is at this point that they are referred to 

4 The environment changes. Because of 
selection, some characteristics are 
favoured over others. Those best suited 
to the environment survive.

3 Different characteristics arise through 
random genetic drift, mutation and 
environmental pressures.

5 Survivors reproduce and pass on
favourable genes and features to
offspring.

6 The frequency at which the genes for
the new characteristics appear
increases.

7 The isolated population is now quite 
different, producing a new species.

1 Variation of characteristics is present
   in a population.

2 The breeding population becomes
isolated.

  Speciation is a process by which 
a new species develops from 
another. 
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as different species. Speciation has 
occurred. 

 Darwin’s fi nches are examples 
of divergent evolution. They share 
a common ancestor, but over time 
and generations, different selective 
pressures have led to the selection of 
different variations most suited to a par-
ticular environment or available niche. 

 Adaptive radiation 
 Adaptive radiation is said to have 
occurred when divergent evolution 
of one species has resulted in the 
formation of many species that are 
adapted to a variety of environments. 
Darwin’s fi nches and Australian mar-
supials are two examples. Australian 
marsupials are thought to have 
evolved from a common possum-like 
ancestor. The photographs below 
show examples of species that have 
arisen from a common ancestor.  

BARRIER
isolates

populations

Over time . . .

DIFFERENT
selection pressures

DIFFERENT 
variations selected for

Can no longer interbreed and
produce fertile offspring

Ancestral species A

Population B Population C

Species B Species C

  Divergent evolution 

         Australian marsupials show adaptive radiation as they have evolved from a common ancestor but, due to 
different selection pressures, different characteristics have been selected. 
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 Convergent evolution 
 In divergent evolution, different 
selection pressures lead to the 
selection of different variations in 
evolution from a common ancestor. 
 Convergent evolution  is the oppo-
site. Convergent evolution is the 
result of similar selection pres-
sures in the environment selecting 
for similar features or adaptations. 
These adaptations have not been 
inherited from a common ancestor. 

 Sharks and dolphins have a sim-
ilar body shape and colour, yet 

Over time . . .

SIMILAR
selection pressures

SIMILAR 
variations selected for

Species C Species D

Ancestral species A Ancestral species B

      Convergent evolution 

selection pressures

variations selected for

         (a) The South American anteater, (b) the African 
aardvark, (c) the South-East Asian pangolin and 
(d) the Australian echidna share similar features. 
These features were selected for because they gave 
them a selective advantage in obtaining an available 
food supply within their environment, rather than 
because of a recent common ancestry. 

A

B

D

C
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sharks are fish whereas dolphins are mammals. They both live in the ocean. The features they share are the 
result of similar selection pressures.

Coevolution
The evolution of one organism can sometimes be in response to another organism. Examples of this 
coevolution include parasites and their hosts, or birds and plants. If you look at the features of birds and 
the flowers that they pollinate, you may notice that some birds have evolved specialised features, such as 
beaks that are well suited for obtaining nectar for a flower with a particular shape. The plants have evolved 
flowers that may be of a particular colour that is attractive to its pollinator, and nectar that not only attracts 
but rewards the bird for its task of being involved in pollination.

12.7.3 Extinction
Extinction is the loss or disappearance of a species on Earth. Extinction of a species may influence the evo-
lution of another species, as it may provide the opportunity to move into the niche that the extinct species 
occupied.

12.7 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. What is meant by the term speciation?
2. Describe how a new species evolve.
3. Distinguish between (a) divergent evolution and (b) convergent evolution.
4. Describe an example of divergent evolution.
5. Outline the relationship between adaptive radiation and divergent evolution.
6. Describe an example of adaptive radiation.
7. Identify examples of organisms that show convergent 

evolution.
8. What is meant by the term extinction?
9. Select appropriate terms from the following list and use 

flow charts to describe:
(a) divergent evolution
(b) convergent evolution.

Ancestral species A, Similar selection pressures, 
Similar variations selected for, Species C, Population 
B, Different selection pressures, Over time, Barrier 
isolates populations, Different variations selected for, 
Species D, Population C, Ancestral species B, Species 
B, Can no longer interbreed and produce fertile 
offspring

Think and analyse
10. The figures at right show two species of North American 

hares that are closely related and share a common 
ancestor. The snowshoe hare, Lepus americanus (top), 
lives in northern parts of North America where it snows 
in winter. The black-tailed jack rabbit, Lepus californicus 
(bottom), lives in the desert areas.
(a) Identify differences between these hares.
(b) Suggest reasons for these differences.
(c) Suggest how these differences came about.
(d) Is this an example of convergent or divergent 

evolution? Explain.
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11.    Identify  where each of the fi gures shown belong in the convergent evolution table at the bottom of 
the page.                     

Numbat
Bobcat

AnteaterSugar glider

Spotted cuscus

Lemur

Flying squirrel

Spotted-tailed quoll

 Niche  Placental mammal  Australian marsupial 

 Anteater       

 Cat       

 Climber       

 Glider       UNCORRECTED P
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12.   Carefully examine each of the 
pairs of organisms shown at 
right.  Identify  whether each pair 
is an example of convergent or 
divergent evolution.  
(i)   Dolphin and shark  
(ii)   Numbat and anteater  
(iii)   Sea dragon and seahorse  
(iv)   European goldfi nch and pine 

siskin (fi nch)   
 Provide a reason for your 
response.        

13.   Honeycreepers are found only in 
the Hawaiian Islands and share a 
common ancestry. Examples of 
four species of honeycreepers are 
shown in the fi gure below.  
(a)   Suggest reasons for their 

different appearance.  
(b)   Share your suggestions with 

others.  
(c)   Create a story to explain how 

and why these honeycreepers 
look so different.                       

Hawaiian
Islands

North
America

Asia

Paci�c Ocean

(i)

(iv)

(iii)

(ii)
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  12.8  Where is the evidence? 
 Darwin and Wallace based their theory of evolution by natural selection on many observations, including 
those made while travelling around the globe. Since then a great deal more evidence that provides further 
support for the theory of evolution has been uncovered. 

 12.8.1 The fossil record 
 As outlined in subtopics 12.3 and 
12.4, the fossil record supports 
the theory of evolution by natural 
selection. It does this in a number 
of ways. The fossil record shows 
that the organisms living on 
Earth have become increasingly 
complex over time, and that 
some species that used to live on 
Earth have now become extinct. 
There is also fossil evidence 
of gradual change occurring in 
particular groups of organisms. 
For instance, fossils of ancient 
horse species have been found. 
They indicate that over the last 
60 million years horses have 
become taller, their teeth have 
become adapted for grazing 
rather than eating soft leaves and 
fruit, and their feet have changed 
from having spread out toes to 
having a single hoof. The horses 
of 60 million years ago were ide-
ally suited to the environment in 
which they lived: forests where 
they could feed on fruit and leaves 
and where their spread out toes 
and small size would have made 
it easier to walk on soft ground 
and remain inconspicuous. Over 
time the forests were replaced by 
open plains. Teeth suited for eating tough grasses became 
advantageous. Long legs and hoofs gave horses a better 
chance of getting away from predators. 

 Fossils that show the transition between two groups 
of organisms have also been found. Such fossils are 
called transitional forms. The fossilised remains of 
 Archaeopteryx  show bird-like features including wings 
with feathers, but they also show reptilian features 
including teeth and a long bony tail. This supports the 
idea that birds evolved from dinosaurs.   

Eohippus

Mesohippus

Merychippus

Pliohippus

Modern horse

60 million years ago
Height: 0.4 m

40 million years ago
Height: 0.6 m

30 million years ago
Height: 1.0 m

10 million years ago
Height: 1.0 m

1 million years ago

Height: 1.6 m

                      The evolution of the horse 

   Archaeopteryx  fossil 
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12.8.2 Comparative anatomy
Comparative anatomy involves comparing the 
structural features of different species or groups of 
animals. The forearms of mammals, amphibians, 
reptiles and birds are remarkably similar in struc-
ture. Each, however, is used for a different func-
tion, such as swimming, walking or flying. The 
structure of the forearm can be traced back to the 
fin of a fossilised fish from which amphibians are 
thought to have evolved.

Similarity in characteristics that result from 
common ancestry is known as homology. Anatom-
ical signs of evolution such as the similar forearms 
of mammals are called homologous structures. In 
the diagram top right, you can see that each limb 
has a similar number of bones that are arranged in 
the same basic pattern. Even though their functions 
may be different, the similarity of basic structure 
still exists.

Homologous structures should not be confused 
with analogous structures. Unrelated species living 
in similar environments (with similar selection 
pressures) in different parts of the world often have 
similar structures. This is an example of convergent 
evolution. The fins of a dolphin and a shark, or the 
wings of a bat and a butterfly, are analogous struc-
tures: they perform the same role but have different 
evolutionary origins.

12.8.3 Comparative embryology
Organisms that go through similar stages in their 
embryonic development are believed to be closely 
related. During the early stages of development, 
the human embryo and the embryos of other ani-
mals appear to be quite similar. The embryos of 
fish, amphibians, reptiles, birds and mammals 

Bat Whale Horse HumanCat

The structures shown have the same basic structure 
since they are all derived from a vertebrate forelimb. 
Do they have identical functions?

Gill slits are visible in sharks, but in bony fish they are concealed beneath a scaly panel known as an 
operculum.
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all initially have gill slits. As the embryos develop 
further, the gill slits disappear in all but fish. It is 
thought that gill slits were a characteristic that all 
these animals once shared with a common ancestor.

12.8.4 Molecular biology
The evolutionary relationships among species can 
also be reflected in their DNA and proteins. The 
closer the match in the DNA sequences, the more 
recent their common ancestor and hence the more 
closely they are related. You are more closely related 
to your brothers or sisters than to your cousins, who 
in turn are more closely related to you than your 
classmates. So your DNA is more similar to your 
siblings’ DNA than to your cousins’ DNA. Like-
wise, humans and chimpanzees have very similar 
DNA, compared to that of humans and ferns. DNA 
hybridisation is a technique that can be used to 
compare the DNA in different species to determine 
how closely related they are.

Separate into
single-stranded

DNA

Human DNA Chimpanzee DNA

Mix strands

Some bases in
the DNA sequence
do not match.

DNA hybridisation. The more closely related 
organisms are, the more similar are their DNA 
sequences.

0.0%
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1.6%
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Ancestor

Mammalia

Colobus

Mandrill
Baboon

Siamang
Agile
Crested

Orang-utan

Gorilla
Humans
Chimp
Bonobo

Panini

Pongidae

Gibbons
Hylobatidae

Cercopithecinae
Old World Monkeys

Colobinae

Genetic change over time (millions of years) among the primates

Millions of years before present

Differences in DNA sequence can give an idea of how long two species have been separated.

HOW ABOUT THAT!
Whales, seals and manatees are all aquatic mammals with similar body shapes. It would seem sensible to 
hypothesise that they are all descendants of the same aquatic mammal. DNA evidence has revealed otherwise. 
Seals are more closely related to dogs than they are to whales or manatees. Whale DNA is similar to cow DNA 
and manatee DNA is a close match to elephant DNA. So it seems that there have been at least three separate 
instances in the evolution of life where mammals have returned to the water. The body shape of whales, seals 
and manatees is an adaptation to their aquatic environment rather than the result of recent common ancestry.
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12.8 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Match each of the words in the table below with its meaning.

2. Outline four pieces of evidence that support the theory of evolution.
3. Describe the basic structure of the limbs of vertebrates.

Think
4. Examine the diagram showing the evolution of the horse.

(a) Describe how horses have evolved over the last 60 million years.
(b) What type of horse would have been ‘fittest’ (in terms of biological fitness) 60 million years ago? Explain 

your answer.
(c) What type of horse would have been fittest one million years ago? Explain your answer.
(d) Horse breeders pay large sums of money to have prize-winning racehorses breed with the mares in their 

stables. The fastest horses are flown around the world for breeding purposes. It is also possible to collect 
and freeze sperm from successful racehorses. This sperm can be used to impregnate many mares. Explain 
how this might impact on the evolution of the horse. How might horses look in another million years?

Skill builder
5. Study the figure showing differences in DNA sequences.

(a) You might have heard people say that humans ‘are descendants of chimpanzees’. Is this actually correct 
according to the figure? What is a more accurate way of describing the evolutionary relationship between 
humans and chimps?

(b) Which of the species shown in the diagram is most closely related to bonobos?
(c) How long ago did the common ancestor of humans and chimps exist?
(d) According to this diagram, are humans most closely related to chimps or gorillas? Explain your answer.
(e) Are baboons most closely related to langurs or orang-utans? Explain your answer.

Investigate
6. Use an image search engine to locate pictures of fossilised transitional forms. Cut and paste them into a 

word document. Next to each picture write down the name of the fossil and explain how it supports the 
theory of evolution.

7. Use the Whale kiosk weblink in the Resources tab to work through an interactive on whale evolution. 
After using the interactive write a brief report that outlines how DNA evidence can be used to work out 
evolutionary relationships between organisms.

Word Meaning

(a) Archaeopteryx (i)     Structures that perform the same role but have different evolutionary 
origins

(b) Convergent evolution (ii)    Comparing the structure of organisms

(c) Transitional forms (iii)  The tendency of unrelated organisms living in similar environments to 
acquire similar structures

(d) Analogous structures (iv) A fossil that supports the idea that birds evolved from reptiles

(e) Comparative anatomy (v)   A technique used to compare the DNA of organisms

(f)   DNA hybridisation (vi) A fossil that displays features from two distinct groups of organisms

 Explore more with this weblink: Whale kiosk

Complete this digital doc: Worksheet 12.6: Evidence for evolution (doc-12820)

 RESOURCES — ONLINE ONLY

UNCORRECTED P
AGE P

ROOFS



492 Jacaranda Core Science Stage 5

c12LifeGoesOn Page 492 01/11/17  12:09 AM

12.9 It’s all about genes
Science as a human endeavour

12.9.1 Inheritance and variation
When Darwin and Wallace proposed that evolution occurred through natural selection little was known 
about the way in which characteristics could be inherited. Today we understand that favourable variations 
are transmitted through genes.

Gregor Mendel — the monk who carried out breeding experiments 
on peas — was a contemporary of Charles Darwin and Alfred Wallace, 
but it is quite likely that Darwin never read Mendel’s work (although 
Mendel did read Darwin’s On the Origin of Species; a copy of the 
German translation of Darwin’s work annotated in Mendel’s hand-
writing is evidence of this). The first edition of Darwin’s On the Origin 
of Species was published in 1859. It was some time later, in the early 
1900s that the role of chromosomes in the inheritance of characteristics 
was first understood. It was not until 1953 that the structure of DNA 
was described. Importantly though, as new knowledge about genetics 
and the inheritance of characteristics has been discovered it has helped 
to make sense of the way evolution occurs.

The reason that certain characteristics can be passed on to the next 
generation is because these characteristics are determined by our genes. 
Many of the variations between members of a species are the 
result of differences in their DNA. The frog that camouflages 
better amongst the rocks has DNA sequences that code for the 
production of proteins that, through their action, result in the 
frog having a particular pattern on its skin. The cells of the seal 
that grows larger and is thus able to outcompete other seals for 
territory and mates contain DNA that codes for the proteins that 
regulate growth, such as growth hormone. A kangaroo that has 
white fur (an albino kangaroo) has a faulty copy of the gene 
that codes for the protein that controls hair and fur colour. This 
variation is detrimental. The kangaroo is less likely to survive to 
adulthood and produce many offspring than kangaroos of normal 
colouring because its white fur and skin make it more vulner-
able to sunburn and skin cancer, and more visible to predators.

12.9.2 Genetic diversity
Biological diversity or biodiversity means variety amongst living organisms. Biodiversity exists at the eco-
system, species and gene level. Biodiversity at the gene level is important to evolution. In order for evolution 
to occur, there must be genetic differences between the members of a species, so that some organisms will be 
more successful than others. If all the organisms belonging to one species were genetically and physically 
identical, then they would all be either highly successful or they would all die rapidly in a particular envi-
ronment. Biodiversity at the gene level is also important for the long-term survival of a species. A particular 
genetic make-up may be very successful at a certain time in Earth’s history. If the environment begins to 
change, however, this genetic make-up may no longer be successful. Genetic diversity plays a role in safe-
guarding a species from extinction when the environment changes.

What causes diversity?
When organisms reproduce asexually, the DNA in their cells is copied exactly from one generation to the next, 
unless a mutation occurs. For instance, bacteria reproduce by binary fission to produce genetically identical 

DNA for gene A

White
mouse

Black
mouse

DNA for mutant
version
of gene A

Protein A

Different
protein A

An albino kangaroo
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bacteria. Plants grown from bulbs, tubers or runners are genetically identical to the parent plant. In asexual 
reproduction, mutations are the main source of genetic diversity. A mutation is an error that occurs when 
the DNA is copied during cell division. Mutations can produce new alleles. Some mutations are detrimental 
(harmful) to organisms. A mutation that prevents mould from making a particular vitamin it needs to survive 
is an example of detrimental mutation.

Most mutations have neither a pos-
itive nor a negative impact on the sur-
vival of the organism. Occasionally 
though, mutations increase an organ-
ism’s chance of survival. A mutation 
might make bacteria resistant to pen-
icillin. In a patient taking penicillin 
to treat a bacterial infection the bac-
teria that have a copy of the section of 
mutant DNA that codes for penicillin 
resistance will survive while the other 
bacteria will be killed by the peni-
cillin. The surviving bacteria will have little competition for food and other resources. They will multiply 
and pass on the penicillin resistance gene to their offspring. This process will be repeated over a number of 
generations and over time the proportion of penicillin resistant bacteria will increase.

Organisms that reproduce sexually have additional sources of genetic variation. Sexual reproduction involves 
the combining of a male and female gamete — an egg and sperm in humans. The male and female gametes are 
produced by meiosis. In topic 11 we saw that meiosis can produce gametes containing many different combina-
tions of alleles. A human male can produce sperm cells containing millions of different possible combinations 
of alleles. The chance of any two eggs from the same female or two sperm cells from the same male containing 
exactly the same genetic code is very small. At fertilisation, gametes produced by two different individuals (a 
male and a female) combine. This is also a source of variation.

12.9.3 Human impact on evolution
Artificial selection is one way that humans are bringing about changes in species that are not the result of 
natural selection. Artificial selection is also causing a reduction in the genetic diversity of certain species. 
For thousands of years we have bred domestic animals and plants to suit our needs by selective breeding. 
Early humans chose to breed dogs that were loyal, fast and good at retrieving game, and so hunting dogs 
evolved to have these traits. This is called artificial selection. In domestic species, valuable characteristics 
such as high milk yield in dairy cattle, or abundant, sweet fruit in apples have been the result of artificial 
selection.

The Chihuahua, the world’s smallest dog, weighs 12 kg and grows to around 20 cm. Because of its breeding, 
the Chihuahua is susceptible to slipped stifles (a knee injury caused by joint weakness) and fractures, and 
may also suffer from jawbone disorders, eye problems, heart disease, and tooth and gum complaints. Many 
purebred animals would be unable to survive in the wild, 
where they would be susceptible to predators.

Artificial selection results in reduced genetic diver-
sity because fewer individuals are chosen for breeding. 
This results in inbreeding. If the individuals chosen 
for breeding have any disease-causing alleles, then 
inbreeding results in these becoming more common. 
Inbreeding has to be carefully managed in zoo breeding 
programs, in purebred show animal breeds, and it may 
be an issue in natural populations that are small; for 
example, in endangered species.

Resistant
population

RR

R
R

R

R

R

R

Population of bacteria
(R stands for resistant)

R

R

Only resistant
 bacteria survive

R

RAntibiotic
applied

The widespread use of drugs is leading to bacteria evolving 
antibiotic resistance at a rapid rate. If a small proportion of bacteria 
survive antibiotic treatment and multiply, over generations resistant 
bacteria will become more prevalent and the bacterial population 
will become less susceptible to the antibiotic.
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Inbreeding in agricultural strains is also a concern. In a wild population of wheat, different wheat plants have 
different levels of resistance to a wide range of disease; so if disease strikes, some individual plants will survive. 
Modern agriculture tends to rely on genetically identical strains (in some cases, genetically modified). This 
makes many cultivated species more vulnerable to new disease, which could wipe out all plants in one go.

Reproductive technologies and evolution
In topic 2 we learned about reproductive technologies, including artificial insemination, in-vitro fertilisation 
(IVF) and cloning. These technologies, particularly if they are used in agriculture or to breed pedigree animals, 
give humans further opportunity to select exactly which characteristics will be passed on to the next generation. 
This is another way that humans interfere with the process of natural selection, and it can impact on biodiversity.

Artificial insemination has the potential to reduce biodiversity. Sperm from one prize-winning bull can 
be frozen, flown all around the world and used to inseminate hundreds of cows, thus passing on the genetic 
characteristics of that particular bull to a much greater proportion of the next generation than would have 
been otherwise possible.

When IVF is used, it is possible to test the embryos prior to implantation for certain genetic characteris-
tics. Imagine that IVF was used to produce sheep embryos, and that it was possible to test these embryos 
to find out if they carry an allele that gives them faster growing wool. It would be possible to implant only 
the embryos carrying this gene into the uterus of a ewe, reducing genetic diversity.

Cloning also has the potential to impact on diversity. Cloning produces animals that are genetically iden-
tical to their parent. As cloning methods improve, it may one day become possible to produce hundreds of 
horses that are genetically identical to last year’s Melbourne Cup winner.

Recombinant DNA technology can be used to cut and paste desirable genes from one organism’s genetic 
code into another’s. If the same desirable genes are cut and pasted into all organisms, genetic diversity will 
be further reduced.

There are concerns that the reduction in genetic diversity within the strains of plants and animals used 
in agriculture might put them at higher risk of being wiped out by disease or other environmental changes. 
Some crops species, particularly plants that are propagated from cuttings, bulbs or suckers, show very little 
variation. A change in environmental conditions (e.g. more extreme temperatures due to global warming), 
or a new disease could completely wipe out these species. Genetic diversity would increase the chance of at 
least some members of the species surviving to reproduce and pass on the genes to the next generation that 
allowed them to survive the change in the environment.

12.9 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Write a sentence that includes the following words: DNA, variations, genes, evolution.
2. Define the following terms: ‘biodiversity’, ‘artificial selection’, ‘inbreeding’, ‘mutation’.
3. Identify some characteristics that early humans selected when breeding dogs.
4. Identify three situations in which inbreeding may occur.
5. Outline the advantages antibiotics have over previous methods of treatment for bacterial infections.
6. Identify the source of genetic variation in organisms that reproduce asexually.

Think
7. Many genetic disorders are recessive. The symptoms of the disease will not show up unless a copy of the 

faulty allele is inherited from both parents.
(a) Use your knowledge of the theory of evolution by natural selection to explain why genetic disorders that 

cause early death are rarely dominant. Why would the allele for such a disease be unlikely to become 
common in a population?
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12.10 Project: Natural Selection —  
the board game!
12.10.1 Scenario
There are few people in Australia today who haven’t played a board game such as Monopoly, Scrabble or 
Civilisation sometime in their life. Even today, when computer games such as Halo or online games such 
as World of Warcraft are regularly played by tens of thou-
sands of Australians, sales of old-school board games such as 
Snakes and Ladders, Kingmaker and, yes, Monopoly are still 
a healthy component of the income for a toy and game store. 
Apart from the fact that they are a great choice when there’s 
no electricity and they can be played and enjoyed by people 
from completely different generations, psychologists suggest 
that their continued popularity can also be attributed to the 
fact that there is just as much luck as skill that determines the 
winner. In this way, board games are much like real life!

The effectiveness of using game play as a way of teaching 
concepts is the stock in trade of the educational game company BrainGames, who produce computer 
games that teach science, maths, history and geography concepts. Games such as The Revenge of Pavlov’s 
Dogs and Where in the World is Amerigo  Vespucci? have made them the leader in the educational games 
market. However, keen to exploit the non-computer-equipped market sector, BrainGames now want to 
branch out into board games and the first board game they want to produce will be based on one of the 
key ideas of biology.

(b) Tay-Sachs is a recessive genetic disorder. Symptoms usually begin to appear around 6 months of age 
and most children affected by the disorder die by the age of 4. Explain why the allele for Tay-Sachs has 
not disappeared from the gene pool.

8. Outline how selective breeding techniques could be used to produce cats with very long hair and large ears.
9. Explain why agriculture often uses genetically identical strains instead of those with a range of 

characteristics.
10. A 2006 study showed that because Australia had banned the use in livestock of one particular group of 

new antibiotics (the fluoroquinolones) the level of resistance by bacteria to a similar human antibiotic called 
cyprofloxacin was only 2%. In countries where fluoroquinolones in livestock are used, the resistance level is 
around 15%. Explain these findings.

11. Most large-scale commercial banana farmers grow a type of banana called the cavendish banana. These 
bananas are seedless and the banana plants are grown from suckers (a form of asexual reproduction).
(a) Explain why there is little biodiversity among cavendish banana plants.
(b) In some countries, crops of cavendish bananas have been destroyed 

by a type of mould. There are fears that the cavendish banana may 
become extinct within the next 10 years. Explain why the risk of 
extinction would be lessened if there was more genetic variation in this 
species of banana.

(c) Propose how genetic engineering could be used to prevent the 
extinction of the cavendish banana.

Investigate
12. A shar-pei dog is pictured at right.

(a) Investigate the health problems that are common in this breed of dog.
(b) Discuss whether the sale of dog breeds such as the shar-pei should be 

banned.
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    12.10.2 Your task 
 As part of the Games Development Division at BrainGames, you and your team are to develop a prototype 
board game based on the idea of natural selection and evolution. In this game, players will be able to select 
a variety of characteristics to give an organism and then, over the course of the game, see whether these 
organisms survive intact as their environment is changed. Your prototype must include:  
 •   a game board  
 •   game pieces  
 •   a rule book.   

 You may also choose to include game mechanics such as cards, spinners or dice. 

 12.10.3 Process  
 •   Start your research. Make notes of information you 

discover that will assist you in your design. You should 
each fi nd at least three sources (other than the textbook, 
and at least one offl ine such as a book or encyclopaedia) 
to help you discover extra information about how natural 
selection works to infl uence the survival and adaptation 
of organisms in a particular environment over time. You 
may also include notes and ideas for different aspects of 
your game.  

 •   Use your research to come up with a board game 
design.  

 •   Download the sample rule book from your Resources tab. 
Using this as a model, create the rule book for your board 
game. It should cover the contents of the game box, 
how to set the game up to start, how each player’s turn 
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is completed, what players have to do to win and so on. Keep in mind that the rules should be clearly 
written and easily understood by the players.

 • Build a simplified version of your game and test its playability. Add or remove aspects of the game until 
you are happy with the way it works. Only then should you work on your final prototype.

12.11 Review
12.11.1 Fossils
 • define the term ‘fossil’ 12.2
 • outline the conditions necessary for living things to fossilise 12.2
 • distinguish between the following types of fossils: ‘moulds’, ‘casts’, ‘amber fossil’,  

‘petrified fossils’, ‘carbon imprint’ 12.2
 • distinguish between relative and absolute dating of fossils 12.4
 • deduce the relative age of fossils 12.4

12.11.2 The history of life on earth
 • explain radiometric dating 12.4
 • extract information from diagrams and tables relating to the history of life on Earth 12.3
 • construct a timeline for the history of life on Earth 12.3
 • sequence the major events in the evolution of life on Earth 12.3

12.11.3 The theory of evolution by natural selection
 • define the terms ‘evolution’, ‘biological fitness’ and ‘natural selection’ 12.6
 • justify why Lamarck’s proposed mechanism for evolution was first considered  

then rejected 12.5
 • outline Darwin and Wallace’s contribution to the theory of evolution 12.5
 • explain how new species evolve 12.7
 • describe the process of natural selection using examples 12.6, 12.9
 • explain the importance of variations in the process of evolution 12.6, 12.9

12.11.4 Evidence supporting the theory of evolution
 • describe how the fossil record provides evidence for evolution 12.2, 12.4, 12.8
 • define the term ‘transitional form’ and explain how transitional form supports the  

theory of evolution 12.8
 • outline how comparative anatomy and comparative embryology have been  

used to support the theory of evolution and to determine evolutionary relationships  
between species 12.8

 • describe examples of molecular biology techniques and how they are used to work  
out evolutionary relationships 12.8UNCORRECTED P
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 12.11.5 Evolution and genes  
 •    assess  the importance of biodiversity to the long-term survival of species  12.9   
 •    outline  some sources of genetic diversity in species that reproduce asexually and sexually  12.9   
 •    describe  the potential impact of reproductive technologies and genetic engineering 

on genetic diversity  12.9                     

 Individual pathways  

 �       ACTIVITY 12.1   
 Revising evolution 
  doc-10675   

   �    ACTIVITY 12.2   
 Investigating evolution 
  doc-10676   

   �    ACTIVITY 12.3   
 Investigating evolution further 
  doc-10677   

        FOCUS ACTIVITY   

  Option 1  
 When the insecticide DDT was fi rst used it was 
highly effective at killing most insects. Now 
many insects are resistant to DDT. Use a series 
of diagrams similar to those at right to  explain  
how an insecticide such as DDT can act as a 
selecting agent and result in an increase in the 
proportion of insects that are resistant to the 
insecticide over time. Include captions under 
each diagram. 

     Option 2 
 Koalas are found along the eastern coast of 
Australia. Koalas found in the southern, cooler 
part of the east coast are larger and have longer, 
thicker fur. The fur on their back is darker. 
Queensland koalas are smaller and have shorter, 
lighter and thinner fur. There is a gradual change in the size and fur type of the koalas from the south to the north 
of the east coast of Australia. This is an example of a cline (a cline is a gradual change in a trait across a species’ 
geographical range). 

 Create a PowerPoint presentation that includes the following information:  
(a)   labelled photos illustrating the variations in koalas along the east coast of Australia  
(b)   one or more slides that explain why each type of koala is best suited to its environment  
(c)   a slide hat outlines how two or more separate species of koalas might arise over time  
(d)   slides tthat describe other examples of clines. Include photos.   

 Option 3 
 Design a picture book, suitable for students in stage 1 (years 1 and 2) about the evolution of life on Earth and the 
order in which different groups of living things evolved. 

 Access more details about focus activities for this topic in the Resources tab    (doc-10674)    .

 ONLINE ONLY
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12.11 Review 1: Looking back
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

1. Match the words below with their meaning.

2. Use diagrams to explain how an organism might fossilise if it sank to the bottom of a lake and rapidly 
became covered by mud.

3. Outline Darwin and Wallace’s main contribution to the theory of evolution.
4. Lamarck proposed a mechanism for evolution that was later rejected. Contrast Lamarck’s and Darwin’s 

mechanism for evolution.
5. Sequence the following into the correct evolutionary order:

(a) flowering plants evolve
(b) early dinosaurs evolve
(c) mammals, flowering plants, insects, fish and birds dominate
(d) bacteria evolve
(e) all living things are in the ocean; massive increase in multicellular organisms
(f) most dinosaurs become extinct
(g) greatest mass extinction of all time
(h) dinosaurs dominate the planet.

6. Contrast the terms ‘homologous’ and ‘analogous structures’ using examples.
7. Explain how the fossil record of the horse supports the theory of evolution.
8. What are transitional forms? How do they support the theory of evolution? Explain your answer using 

archaeopteryx as an example.
9. The flu is caused by a virus. During the 2009 outbreak of H1N1 flu (‘swine’ flu) most Australians that had 

symptoms of H1N1 flu were not prescribed the antiviral drug Tamiflu. It was prescribed only for those 
suffering severe symptoms, or people who were elderly or suffering from other health conditions. However, 
in some parts of the world, Tamiflu was prescribed a lot more widely. In some countries low doses of Tamiflu 
were prescribed for anyone living with a person infected with the H1N1 virus, even if they were not showing 
any symptoms themselves. The first case of Tamiflu resistant H1N1 was detected in one of these people. 
Explain why a virus is less likely to develop resistance to Tamiflu if the drug is reserved for special cases.

Words Meanings

(a) Mould fossil (i) A species from which two or more species have evolved

(b) Cast fossil (ii) A period in Earth’s history during which dinosaurs roamed

(c) Radiometric dating (iii) Diversity among organisms at the ecosystem, species and gene level

(d) Cainozoic (iv) The present era

(e) Jurassic (v) A technique used to determine the age of fossils and rocks

(f)   Variations (vi) Fossil where the shape of the organism is hollowed out in rock

(g) Biodiversity (vii)  When organisms with favourable characteristics are crossed with the 
aim of producing offspring with the same characteristics

(h) Common ancestor (viii) The study of variation in living things in relation to geographical regions

(i)   Natural selection (xiv) A mechanism for evolution

(j)   Artificial selection (x) Differences

(k) Biogeography (xi) Fossil where the shape of the organism protrudes out of the rock
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10.   Insert the following labels in the diagram at right to 
produce a model of how natural selection brings 
about genetic change in a population.  
(i)   selective agent acts  
(ii)   next generation contains more of the favourable 

characteristic  
(iii)   individuals best suited to the environment 

(fi ttest) survive and reproduce more successfully  
(iv)   population contains genetically different 

individuals        

 Test yourself  
1.   Which of the following is not an example of a fossil?  

(A)   An insect from the Jurassic period trapped in 
amber  

(B)   A cast of a dinosaur footprint  
(C)   Petrifi ed wood  
(D)   A sample of sandstone from the cretaceous 

period   (1 mark)    
2.   Whales, bats, dogs and humans have a similar bone arrangement in their forelimb. How does 

this support the theory of evolution?  
(A)   It suggests that whales, bats, dogs and humans evolved from a common ancestor with a 

similar bone arrangement to these mammals.  
(B)   It suggests that bats, humans and dogs evolved from whales.  
(C)   It suggests that bats, dogs and humans all evolved from chimpanzees.  
(D)   It suggests that dogs are more closely related to humans than to bats.   (1 mark)    

3.   The diagram below shows some of the evolutionary relationships of the elephant family. 
What is the most recent common ancestor of the Asian elephant and the mammoth?     

(A)   Stegodon  
(B)   Primelephas  
(C)   Palaeomastodon  
(D)   The African elephant   (1 mark)    

4.   In which of the following situations is a dead animal most likely to become a fossil?  
(A)   A desert  
(B)   The bottom of a muddy lake  
(C)   A mountain cliff  
(D)   An open grassland   (1 mark)    

Holocene

Pleistocene

Pliocene

Miocene

Oligocene

Eocene

Primelephas

Stegodon

Mammoth
(Mammuthus)

Asian
elephant
(Elephas

maximus)

Palaeomastodon

African
elephant
(Loxodonta
africana)
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5. Biologists make inferences about evolutionary relationships based on comparative anatomy.  
Molecular biology techniques such as DNA hybridisation and protein sequences may support  
or contradict these inferences. Explain how molecular biology techniques can be used to work  
out evolutionary relationships. (3 marks)

6. When Darwin visited the Galapagos Islands he found that longer beaked species of finches  
were found in areas where insects were plentiful and shorter beaked species were found  
where seeds were the main food source. Account for this observation using the theory of  
evolution by natural selection. (3 marks)

Complete this digital doc: Worksheet 12.7: Life goes on: puzzle (doc-12821)

Complete this digital doc: Worksheet 12.8: Life goes on: summary (doc-12822)
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