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Learning Ladder for Victoria Year 7

Vi

Steps in progression

Learning Ladder

N/A

N/A

N/A

N/A

N/A

Introduction
to science

VC2.0 Content
description codes

| can
analyse how
classification
of living things
changes
over time

| can compare

and contrast

the structural
features of
a variety of
organisms

| can explain
how biological
diversity is
ordered and
organised

| can classify
organisms
using
classification
tools

| can identify
observable
features of
living things

Biological
science:
Classification

VC2S8U01

| can
analyse how
ecosystems
respond to
internal and
external
changes

| can interpret
and predict

the effects of

environmental
changes on
ecosystems

| can represent

flows of matter

and energy in
ecosystems

| can describe

relationships
between a
variety of
organisms

| can identify
features of an
ecosystem

Biological
science:
Ecosystems

VC2S8U04

| can analyse
situations that
affect the
properties and
behaviours of
substances

| can compare
the behaviours
of substances
in different
states

| can use the
particle model
to explain the
properties of

substances

| can
describe the
arrangement
and motion
of particles in
each state

| can identify
states of
matter

Chemical
science:
Theories of
matter

VC2S8U05

| can discuss
examples of
separation
techniques
used in society

| can select
and apply
techniques
to separate
substances
in mixtures

| can explain
how mixtures
can be
separated
based on the
properties
of their
components

| can
describe the
composition of
different types
of mixtures

| can
distinguish
between pure
substances
and mixtures

Chemical
science:
Mixtures

VC2S8U06

| can evaluate
processes
of resource
extraction
and energy
production

| can compare
the benefits
and risks of
obtaining
and using
resources

I can
explain the
importance

of using
resources
sustainably

| can
distinguish
between
renewable and
non-renewable
resources

| can list
Earth's
resources

Earth and
space
science:
Earth’'s
resources

VC2S8U09

Science understanding

| can analyse
scenarios
where celestial
phenomena
impact society

| can compare
and contrast
historical and
contemporary
understandings
of celestial
phenomena

| can model
the Earth-
Sun-Moon
cyclic changes
to explain the
observable
changes
on Earth

| can describe
observable
changes on
Earth caused
by celestial
bodies

| can identify
the key
features of our
solar system

Earth and
space science:
Earth, the Sun
and the Moon

VC2S8U12

| can analyse
how simple
machines alter
the direction
and magnitude
of forces

| can predict
how an
object’s
motion is
impacted
when forces
are applied

| can represent
and explain

the effects of

forces acting
on objects

| can describe
how forces

can be used

for different
purposes

| can identify
forces acting
on objects

Physical
science:
Forces
and simple
machines

VC2s8U14
VC2S8U13




| can analyse
how people
with different
perspectives
and worldviews
collaborate to
develop scientific
knowledge

| can discuss
how models
and theories
have developed
over time

| can explain
how new
evidence can
lead to changes
in scientific
knowledge

| can
describe the
importance of
multidisciplinary
collaboration
in science

| can recognise
scientific

problems and
solutions

Nature and
development
of science

VC2S8HO01
VC2S8H02

| can analyse
how the

communication
of scientific
knowledge
shapes
viewpoints,
policies and
regulations

| can discuss
the impact of
responses to
socio-scientific
issues

| can explain
examples
of ethical,

environmental,

social and/

or economic
impacts of
scientific
advances

| can describe
how scientific
knowledge can
affect society

| can identify
socio-scientific
issues

Use and
influence of
science

VC2S8H03
VC2S8H04

Scienceasa

human endeavour

| can evaluate

investigation
questions and
predictions for
scientific validity

| can develop
a hypothesis
that predicts
the relationship
between
investigation
variables

| can construct
questions and
predictions
to investigate
scientific
problems

| can make
simple
predictions
based on what
| know and
observe

| can recognise
questions
that can be
investigated
scientifically

Questioning
and predicting

VC2S8I01

| can design
and conduct
reproducible
investigations
that consider
safety, ethical
and procedural
factors

| can generate
and record
data with
precision, using
digital tools as
appropriate

| can distinguish
between
variables to
be changed,
measured and
controlled in an
investigation

| can describe
ways to minimise
risks for a range
of investigations

| can identify
and select
appropriate
equipment
for scientific

investigations

Planning and
conducting

VC2S8102
VC2S8103

| can analyse
processed data
for patterns,
trends,
relationships
and anomalies

| can identify
and discuss
trends and/or
patternsin a
range of dataset
representations

| can process
data by using
mathematical
relationships
and/or
constructing
graphs

| can organise
and display data

using tables, keys

and/or models

| can identify
data from tables
and graphs

Processing,
modelling and
analysing

VC2S8106
VC2S8107

| can evaluate

conclusions
and claims
with reference
to conflicting
evidence and
unanswered
questions

| can create
evidence-based
arguments
to justify
conclusions or
evaluate claims

| can use
science-based
explanations
to support
investigation
findings

| can describe
different types
of errorsin an
investigation
method

| can identify
errors and
assumptions in
an investigation

Evaluating

VC2S8104
VC2S8105

Science inquiry

| can

communicate

scientific
findings and
arguments for

specific purposes
to specific
audiences

| can use digital
technologies to
organise and
communicate
data and
information

| can prepare
a variety of
representations
to communicate
ideas and
findings

| can select
appropriate
formats to
communicate
ideas and
findings

| can identify
scientific
terminology used
to communicate
information

Communicating

VC2S8108

Learning Ladder

Steps in progression



Year 7 curriculum correlation grid

1.0 2.0

CHAPTE RS ) Introduction Classification

to science

Science understanding

Classification
VC2S8U01
there are similarities and differences within and between groups of organisms living \/
on Earth; the development and use of classification tools, including dichotomous keys,
help order and organise human understanding of the diversity of life

Ecosystems

VC2S8U04

matter and energy flow through ecosystems and can be represented using models,
including food webs and food pyramids; populations will be affected by changing biotic
and abiotic factors in an ecosystem including habitat loss, climate change, seasonal
migration and introduction or removal of species

Theories of matter

VC2S8U05

the particle and kinetic theories of matter can be used to describe the arrangement
and motion of particles in a substance, including the attraction between particles, and
to explain the properties and behaviour of substances, including melting point, boiling
point, density, compressibility, gas pressure, viscosity, diffusion, sublimation, and
expansion and contraction

Mixtures

VC2S8U06

matter can be classified as pure substances such as elements and compounds or
impure substances such as mixtures (including solutions), and can be modelled using
the particle model; mixtures may have a uniform (homogeneous) or non-uniform
(heterogeneous) composition and can be separated based on the properties of

their components using techniques including filtration, decantation, evaporation,
crystallisation, magnetic separation, distillation and chromatography

Earth’s resources

VC2S8U09

the sustainable use of Earth's resources is influenced by whether the resources are
renewable or non-renewable; the processes involved in resource extraction and energy
production come with both benefits and risks to sustainability

Earth, the Sun and the Moon

VC2S8U12

cyclic changes in the relative positions of Earth, the Sun and the Moon can be modelled
to show how these cycles cause eclipses and influence predictable phenomena on
Earth, including seasons and tides

Forces and simple machines

VC2S8U14

balanced and unbalanced forces acting on objects, including gravitational force, may
be investigated and represented using force diagrams; changes in an object’s motion
can be related to its mass and the magnitude and direction of the forces acting on it

VC2S8U13
simple machines, including the lever, inclined plane, wedge, pulley, screw, and wheel
and axle, alter the direction and magnitude of forces

Curriculum correlation grid



3.0
Ecosystems

4.0
Theories
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5.0
Mixtures

6.0
Earth's resources

7.0
Earth, the Sun
and the Moon

8.0
Forces and
simple machines
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1.0 2.0

CHAPTE RS ) Introduction Classification

to science

Science as a human endeavour

Nature and development of science
VC2S8HO1 ‘/ \/
scientific knowledge, including models and theories, can change because of new
evidence

VC2S8H02 ‘/ ‘/

multidisciplinary endeavours to advance scientific knowledge make use of people’s
different perspectives and worldviews

Use and influence of science
VC2S8H03 v v
proposed scientific responses to socio-scientific issues impact on society and may
involve ethical, environmental, social and economic considerations

VC2S8H04 v v

communication of scientific knowledge has a role in informing individual viewpoints,
and community policies and regulations

Questioning and predicting
VC2S8I101

investigable questions, reasoned predictions and hypotheses can be developed in */ \/
guiding investigations to identify patterns, test relationships and analyse and evaluate
scientific models

Planning and conducting

VC2S8102 \/ f

reproducible investigations to answer questions and test hypotheses can be planned
and conducted, including identifying independent, dependent and controlled variables
where applicable, stating assumptions, recognising and managing risks, considering
ethical issues and following protocols when accessing cultural sites and artefacts on
Country and Place

VC2S8103 \/ f

equipment can be selected and used to generate and record data with attention to
precision, using digital tools as appropriate

Processing, modelling and analysing

VC2S8104

data and information can be organised and processed by selecting and constructing
representations including tables, graphs, keys, models and mathematical relationships
VC2S8l105

information and processed data can be analysed to show patterns, trends and
relationships, and to identify anomalies

Evaluating

VC2S8106

scientific methods, conclusions and claims can be analysed to identify assumptions,
possible sources of error, conflicting evidence and unanswered questions

VC2S8I107

evidence-based arguments can be constructed to support conclusions or evaluate
claims, including consideration of ethical issues and protocols associated with using or
citing secondary data or information

Communicating
VC2S8108
communicating ideas, findings and arguments for specific purposes and audiences \/ w/
involves the selection and use of appropriate presentation formats, scientific
vocabulary, models and other representations, and may include the use of digital tools

X Curriculum correlation grid
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O Introduction
to science

For thousands of yedrs, humans have been asking big quéstions about the world around them.
How do things work? What does this mean? To help us answer these questions, we have
used science. The way that science is understood is an outcome of culture. This means that :
different cultures have different ways of doing science, which is a collaborative practice.

* However, all scientists try to answer the questions of'Whot?, How? and Why?

Lea rning The Learning Ladder in Chapter 1 maps the Science as a Human Endeavour and
selected Science Inquiry strands that will be covered. Each ladder has five levels of
a e r progression, called steps. To climb the ladders, you need to develop fluency at each

step. This will help you develop the ability to complete tasks that are more complex.

| can analyse how people with | can analyse how the communication
different perspectives and worldviews of scientific knowledge shapes viewpoints,
collaborate to develop scientific knowledge policies and regulations
| can discuss how models | can discuss the impact
and theories have developed over time of responses to socio-scientific issues
| can explain how new evidence | can explain examples of ethical,
can lead to changes in environmental, social and/or economic
scientific knowledge impacts of scientific advances
| can describe the importance | can describe how
of multidisciplinary collaboration scientific knowledge
in science can affect society
| can recognise | can identify
scientific problems and solutions socio-scientific issues

Stepsin
progression

2 Good Science 7



Figure 1.1: The Aurora Australis, or southern lights,
which have been visible from south-eastern
Australia for millennia, can now be studied from
space using technological advances such as
spacecraft, satellites and telescopes.

| can evaluate investigation | can design and conduct reproducible | can communicate scientific

questions and predictions
for scientific validity

| can develop a hypothesis
that predicts the relationship
between investigation variables

| can construct questions
and predictions to investigate
scientific problems

| can make simple predictions
based on what | know and observe

| can recognise
questions that can be
investigated scientifically

Questioning and predicting

investigations that consider safety,
ethical and procedural factors

| can generate and record data
with precision, using digital
tools as appropriate

| can distinguish between variables
to be changed, measured and
controlled in an investigation

| can describe ways to
minimise risks for a range
of investigations

| can identify and select
appropriate equipment
for scientific investigations

Planning and conducting

Science inquiry

findings and arguments for specific
purposes to specific audiences

| can use digital technologies
to organise and communicate
data and information

| can prepare a variety of
representations to communicate
ideas and findings

| can select appropriate
formats to communicate
ideas and findings

| can identify scientific
terminology used to
communicate information

Communicating

Stepsin
progression

Introduction to science

3



Since humans evolved as a species, people have
been making observations of natural events and
using these observations to improve humans'

Learning intention
At the end of this lesson, | will
understand what science is and
how it is practised by Western
and First Nations scientists.

Key terms

Biological Sciences: the science
of living things

branch: a type of science, such as
biology or chemistry

Chemical Sciences: the science
of chemicals and matter

collaboration: working cooperatively
with other people to complete a task
or solve a problem

Country: the physical environment
with which a particular Aboriginal and
Torres Strait Islander Peoples group

One both owns and is owned by one’s
Country, which includes lands, waters
and sky.

culture: a shared system of customs,
habits, beliefs/spirituality, social
organisation and ways of life that
characterise different groups

and communities

Earth and Space Sciences: the study
of Earth’s dynamic structure and
Earth’s place in the universe

observation: noticing something you
can see, touch, smell, hear or taste,
and know to be true

phenomenon (plural phenomena):
an observable fact or event

Physical Sciences: the science
of matter and energy

knowledge and understanding of the universe.

has a deep and reciprocal relationship.

4 Good Science 7

Science is the study of the universe

Science is the study of the universe and everything in it. The word
‘science’ comes from the Latin word scientia, which means to know or
find out. This meaning links to the purpose of science, which is to build
knowledge and understanding of the world (Earth) and the universe
(everything: all of time and space and everything in it).

To do this, scientists work through a series of inquiry skills, which are:
questioning and predicting

planning and conducting

processing, modelling and analysing

evaluating

communicating.

Using these skills, scientists can attempt to answer the big questions
from the world around them. This often requires collaboration between
people from different cultures who work across different specialist
areas or branches of science. These branches are Biological Sciences
(the science of living things), Chemical Sciences (the science of
chemicals and matter), Earth and Space Sciences (the study of Earth’s
dynamic structure and Earth’s place in the universe) and Physical
Sciences (the science of matter and energy). The branches are called
sciences because they can be further broken down into more specialised
areas of science. For example, the Biological Sciences branch includes
Ecology (the study of relationships between living things and their
environment) and Zoology (the study of animals), while the Earth and
Space Sciences branch includes Geology (the study of Earth and what
itis made of) and Astronomy (the study of the universe and the objects
that naturally exist in space).



Science is a product of culture, which is a lens
through which we see the world. By practising science,
we increase our knowledge. This allows us to solve
problems, while also enhancing our way of life and
caring for the environment.

First Nations and Western science
have similarities

First Nations science and Western science are

similar in many ways. Regardless of the science they
practise, scientists observe natural phenomena, come
up with explanations of these events and conduct
experiments to test these ideas.

The purpose of science for all scientists is also
similar: to increase their understanding of the world.
First Nations Peoples also use this knowledge to care
for Country. This sense of responsibility for managing
the land, water, animals and plants is critical to
Aboriginal and Torres Strait Islander Peoples’ health
and wellbeing.

The diverse range of activities involved in caring
for Country requires First Nations Peoples to have
a detailed understanding and knowledge of many
branches of science, including those areas related to
fire, animals, plants and the weather. This knowledge
has been developed and passed down over thousands
of years and is a form of collaboration.

Figure 1.2: For tens
of thousands of years,
First Nations Peoples
have used fire to care
for Country.

-

Learning Ladder

Introduction to science

o Identify the following:
a Aninquiry skill that could be used to help
understand the world
b Two branches of science
¢ The name given to the practice of working
cooperatively to solve a problem

e Describe how collaboration is related to
First Nations Peoples’ caring for Country.

e Identify a similarity between First Nations
and Western science.

Nature and development of science

0 Identify one environmental problem that science
helps us to solve.

@ Describe why collaboration in caring for Country
isimportant.

Communicating . 245

o Identify and define any scientific terms used in
this section that are not listed as key terms.

e Construct an appropriate table to record the
definitions of the terms identified in Question 1.

Success criteria

« | canexplain what science is and how it is practised
by Western and First Nations scientists.

Introduction to science 5




2 > The world’'s oldest scientists

(" . .
Learning intention

At the end of this lesson, | will be
able to describe the practice and

Key terms

Ancestors: the people we are
descended from

Elder: a First Nations person who is
arecognised custodian of knowledge,
who has permission to pass on that
knowledge, and who has specific
responsibilities to young people

ina community

spirits: the supernatural beings that
many First Nations Peoples believe
exist; can be associated with particular
places, objects and rituals; are often
connected with Dreaming stories

communication of First Nations science.

J

Figure 1.3: Aboriginaland »
Torres Strait Islander Peoples’
knowledge can be communicated

through art. This artwork was created

by a Maluyligal and Wuthathi (Torres Strait)
man, Brian Robinson. It shows the star cluster

called Baidam Tithuyil (the Great Shark)

When the shark touches the horizon, it is
said to bring with it thunder and lightning

and ushers in the monsoon season.

6 Good Science 7

Aboriginal and Torres Strait Islander Peoples have lived
on the Australian continent and the adjacent islands

for at least 65000 years. This means that First Nations
cultures are the oldest continuous cultures in the world.
Since the beginning, Aboriginal and Torres Strait Islander
Peoples have practised science.

First Nations science is practised in the
natural environment

We can understand the practice of First Nations science by looking
at the idea of Country. Aboriginal and Torres Strait Islander Peoples’
idea of Country includes many different things: the physical

land, the waterways, the sky, the languages spoken on that land,
family, Ancestors, spirits, identity and culture. Country is the

close, interwoven relationship between all these things and more.
None of these elements can be separated or isolated from the others;
they all rely on each other.

The practice of First Nations science is similar across First Nations
cultures. Aboriginal and Torres Strait Islander science practice does not
isolate things (such as animals and plants) and study them away from
their natural surroundings in a laboratory. Observations are made and
experiments are conducted in the natural environment.

st SIS IS =0y
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g ﬁ‘“

v
W
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Figure 1.4: In Aboriginal and Torres Strait Islander cultures,
scientific knowledge is often taught through dance.

First Nations scientific knowledge
is communicated verbally
and through art

Unlike the written reports favoured by Western
scientists, the knowledge of First Nations science is
passed on through oral traditions. The comprehensive
scientific knowledge that First Nations Peoples

have built — and continue to build — is passed from
generation to generation through stories, song, dance
and art (see Figure 1.3). Knowledge is often shared

by the Elders.

“1.‘
Learning Ladder

Introduction to science

o List five things included in the idea of ‘Country".

e Describe how First Nations Peoples conducted
scientific experiments.

e Study Figure 1.3. Explain the meaning of
Baidam Tithuyil touching the horizon.

Use and influence of science

o Identify from Figure 1.3 an issue for local Torres Strait
Islander societies.

e Select one way First Nations Peoples communicate
scientific ideas. Suggest how this might affect those
societies differently from Western societies.

e Propose how an understanding of Country impacts
the ethical considerations of scientific advances.

Communicating . 245

o Identify and define any scientific words used in this
section that are not listed as key terms.

e Describe one way First Nations Peoples have shared
scientific knowledge for millennia.

9 Examine Figure 1.3. Construct a diagram of the
Baidam Tithuyil star cluster as it may appear in
the night sky.

Success criteria

| can describe how science is practised by
First Nations Peoples.

| can give examples of how scientific knowledge
is communicated.

Introduction to science 7
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Learning intention Western science can be divided into d . -
At the end of this lesson. | will be able to: areas of knowledge. These branches of science =
« describe the different branches (Biological Sciences, Chemical Sciences, %
fsci . 4 ;

orscience , Earth and Space Sciences and Physical Sciences)
- give examples of how the different e . N :

areas of scientific knowledge can be can also be divided into more specialised sciences,

usedin the real world. as discussed below and in Section 1.1.
Key terms
multidisciplinary: combining or
involving more than one scientific
branch of knowledge

transdisciplinary: collaboratively  Figure 1.5: Astronomers observe and conduct
working across multiple branches ] investigations about phenomena in space, like this
tolearn or solve problems ; supernova. A supernova is an explosion of a star.

The four branches of Western . Physical Sciences are the study of matter and
science energy. Physicists observe and investigate how
objects move and interact. They develop and
test theories using modelling and other research
to help solve problems in areas such as energy
technologies and health care.

Western science can be divided into four branches
that are distinct but can overlap, depending on the
problems that scientists are tackling.
Biological Sciences are the sciences of living
things. Biologists observe living things and
investigate how they survive and thrive. They also
solve problems relating to developing sustainable
living practices. For example: What features of a
polar bear help it to survive in a cold environment?
Chemical Sciences are the study of chemicals and e ] Y T
. . . Figure 1.6: Physicists use machines like the
matter. Chemists observe and investigate how @ Large Hadron Collider to conduct investigations.
chemicals and matter are structured and can be This machine allows scientists to observe how
used. They also solve problems relating to energy
and medicine. For example: What chemicals can
treat deadly infectious diseases?
Earth and Space Sciences are the study of Earth
and space. Geologists observe and investigate
the structure of Earth, while astronomers observe
and investigate things beyond Earth. They solve
problems relating to Earth, space objects and
travel. Two examples are:

Within the four branches of science, there are many
other sciences. For example, Ecology is a specialised
biological science that focuses on how living things
interact with their environments.

N

1 How can we predict earthquakes?

2 How does the Sun’s gravity affect Earth’s
position in the solar system?

8 Good Science?7



Solving some problems
needs knowledge from
different areas of science

Many scientific problems are
multidisciplinary; that is, they
involve more than one branch of
scientific knowledge in solving the
problem. This means that science
is transdisciplinary. For example,
climate change is a worldwide
problem for humans and other
living things. To tackle this problem,
scientists from different scientific
disciplines are combining their
knowledge and collaborating

(see Table1.1).

Table1.1: )

The roles of ecologists,
meteorologists and
physicists in tackling
the problem of
climate change

Scientist
Ecologist

Meteorologist

Physicist

Figure 1.7: Ecologists use
tools like carbon dioxide

meters to measure the
impact of climate change
in different environments.

Role in tackling climate change
To observe and investigate how rising temperatures are affecting ecosystems

To observe and investigate past and current weather patterns, and to predict
future weather patterns

To design and construct products that produce energy more sustainably

Learning Ladder

Introduction to science

@ dentify the branch of science that would be used
to study:
a thefeatures of aninsect.
b astarinanew galaxy.
¢ how two chemicals interact.

e Describe why it is important for science to be
transdisciplinary.

are collaborating to solve the problem of climate change.

Nature and development of science

o Identify a scientific problem that requires
a multidisciplinary approach.

e Describe why itis important to approach the
problem you identified in Question 1in this way.

e Explain how the technologies in Figures 1.6 and 1.7
may have changed our scientific understanding
of the world.

© Explain how scientists from different scientific disciplines

Questioning and predicting p.222

o From the following scientific questions, identify

the one that would allow an ecologist to use the

carbon dioxide meter shown in Figure 1.7 for

an investigation.

A What gases are present in the atmosphere?

B What units are used to measure the amount of
carbon dioxide gas in the air?

C Does the level of carbon dioxide present on Earth’s
surface affect the surrounding temperature?

e Consider the example questions under the heading
‘The four branches of Western science’ at the start of
this section. Select a question and predict the answer
toit.

9 Construct a scientific question and prediction that
could be used to test your answer to Question 2.

Success criteria
. | candescribe the different branches of science.

+ | cangive examples of how the different branches
of scientific knowledge can be used in the real world.

Introduction to science 9




-4 > Science as a human endeavour

Learning intention

At the end of this lesson, | will be able to
describe why science is a human endeavour.

Key terms
endeavour: to try to do something

evidence: facts and information that give
reason to believe that something is true

experiment: a test done in order to learn
something or to discover if something is true
metallurgy: the science of metals
Penicillin: a drug that fights bacterial
infections

socio-scientific issue: an issue where
science impacts on society, and may involve
economic, environmental, ethical and social
L considerations

Science is the systematic study of the structure

and behaviour of the physical and natural world
through observation, experimentation and the
testing of theories with evidence. It is all about people
discovering and exploring new things, both individually
and collaboratively, and building on the ideas of
people who came before them to solve problems
and deepen our understanding of our world. Without
people, science cannot possibly exist; for this reason,
it is a human endeavour. To ‘endeavour’ means to
strive or try to do something. Science as a human
endeavour is as old as the existence of people and
influences all aspects of our lives.

Australopithecus
afarensis

Homo erectus Homo sapiens

V'S
Figure 1.8: This diagram compares skull shapes and sizes
of contemporary humans (homo sapiens) with those of
our ancient ancestors. The enlargement of human skulls

over time has enabled humans to become scientists. Chimpanzee

10 Good Science 7



Observation

Archaeological remains show that as humans
evolved from our primate ancestors, our skulls

changed dramatically (see Figure 1.8). They became

much bigger as we evolved to have larger brains.
This, in turn, allowed us to think about the world
in new and interesting ways.

The earliest science was largely based on
observation and experimentation. For example,

if an individual was hungry, they might have observed
what and how other animals were eating. Observation

would also have provided people with insights into
how to catch and hunt prey.

Not all observation is reliable, however.
Consider Figure 1.9, which shows field mushrooms
and death cap mushrooms. Field mushrooms
are safe to eat; death cap mushrooms, which
look very similar, are fatal if eaten. So, while
observation is useful, experimentation is also
important. By experimenting, people learnt which
types of mushrooms were safe to eat and which
ones were not.

Observation is useful for understanding ‘what’

is happening, but it does not explain ‘why’ something

is happening.

Experimentation and evidence

Experiments help us to answer the ‘why’ questions
by testing ideas and theories and gathering
evidence. Evidence is facts or information that

supports the theory that something is or is not true.

Look at Figure 1.10. The appearance and smell of
the durian suggest that it will not taste good. But at
some point, someone decided to experiment and
try it and discovered that it actually tastes great.
That evidence has made it a very popular fruit.
Scientific knowledge is not fixed: it is continually
updated as we learn about the world around us.

Scientific experiments help us to gain scientific
knowledge in a structured, evidence-based way.
Experimentation and scientific research have
led to amazing discoveries in all fields of science.
The Australian researcher Howard Florey was one
of three scientists in the 1940s who discovered
Penicillin. The discovery of Penicillin has saved
millions of lives around the world.

Figure 1.9: Death cap and field mushrooms are very similar

in appearance.
v

s 4 Figure 1.10: The durian has

. aprickly exterior and a very
strong, unpleasant smell. It is
only through endeavour and
experimentation that people
discovered it tastes delicious.
Itis now a staple food in many
parts of the world.

Figure1.11: »
Howard Florey

was one of three
scientists who won
the Nobel Prize for
the development

of Penicillin.



Good science

Science can help us answer important questions about our
world. Right now, scientists are trying to understand climate
change and global warming and the impacts they have on
humans, animals and future generations. They are also trying
to find ways to look after and preserve our fragile world.
Climate change is a socio-scientific issue; that is, it is both
scientific and social in nature. Scientific endeavour should
reflect ethical, social and environmental considerations

and help us to manage complex issues. Good science can make
enormous contributions to individuals and to societies.

Figure 1.12: Arctic sea ice is rapidly diminishing
due to climate change. Scientific studies show
that the reduction of sea ice is making it harder
for animals that live in these locations to find
enough food to survive.

12 Good Science 7
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Scientific knowledge builds
over time

Advances in science are often the result of
contributions and developments over time.

An example is metallurgy. Humans first started using
metals around 7000 years ago. These metals were
soft, like copper or gold, and would have been found
on Earth’s surface. They were then beaten into useful
shapes at room temperature. About 4000 years

ago, people discovered that certain metals could

be heated and formed into shapes, and that heat
sometimes changed the properties of those metals.
The application of heat to metal transformed the
creation of tools and weaponry. Nowadays, metallurgy
is a highly sophisticated field of science that focuses
on understanding how metals behave and finding
ways to use them in sectors like aviation, engineering
and electronics.

Figure 1.13: Large-scale operations like this steel mill use
techniques developed over time to produce metal-based §
products that people use in their everyday lives.

Learning Ladder

Introduction to science

o Identify two characteristics of the durian that meant
people had to experiment to eat it.

e Refer to Figure 1.9. Is observation always reliable
in science?

e Describe an observation an ancient human might
have made to help them hunt animals.

@ Refer to Figure 1.8. Discuss the links between
skull size and the development of science as a
human endeavour.

Nature and development of science

o Recall one scientific problem or solution included
in this section.

e Describe why collaboration is important in science.

9 Explain, with reference to metallurgy, how scientific
knowledge can build over time.

Use and influence of science

o Identify a socio-scientific issue discussed in
this section.

e Describe why the discovery of Penicillin was so
important.

9 Explain some of the issues that need to be considered
when discussing the impacts of climate change.

Communicating . 245

o Identify the two main questions that early science
is focused on.

e Create a presentation about why you should not
eat wild mushrooms if you are not an expert in
mushrooms.

9 Look at Figure 1.12. Write an article about how the
declinein seaice is affecting polar bears. See the
Science how-to section, page 253, if you need help
with writing your article.

Success criteria

« | candescribe how science helps humans to
understand and explain the world.

Introduction to science 13




5 > Key ideas in science

e .. .
Learning intention

At the end of this lesson, | will
be able to explain the key ideas
that help scientists to make
connections between scientific
ideas and phenomena.

Key terms

form: what something is made up of
function: the way something works
quantify: to measure the size

or amount of something

scale: the relationship between
the sizes of two things

stable: remains the same;

does not change

transfer: to move from one place
to another

underpin: the starting point from
which ideas develop

~N

J

2. An object’s form and function

are related

Scientists are often able to describe the relationship
between an object’s form and its function by making
observations about its appearance and role. For example,
in ecosystems, the non-living and living components are
directly related. As shown in Figure 1.14(a) and (b), rainy
and tropical ecosystems support different plant life than

ecosystems in hot, dry climates

3. Some phenomena remain stable,
while others change

Scientific investigations by different scientists help to
determine the nature of different phenomena. Scientists
have observed that some phenomena are stable over long
periods of time, while others may change significantly.

For example, Earth’s distance from the Sun is stable.

This means we can consistently rely on it as a source

of energy. However, energy sources like coal and oil are
not stable; they have been reduced as we have used them.

Figure 1.14: The plant life in an ecosystem varies based on p
non-living factors such as the water available. A tropical ecosystem
(a) gets a lot more water than Australian bushland (b)!

14 Good Science 7

Western scientists use some key ideas to underpin their
study of science. Understanding these key ideas can help
us to make sense of the ‘why?’ and 'how?’ of the scientific
guestions we ask and investigate.

The following key ideas can be incorporated when learning and applying
concepts across the different branches and topics of science:
1 patterns, orderand organisation 2 formand function
3 stability and change

5 matterand energy

4 scale and measurement
6 systems

1. There are often patterns to scientific
phenomena

We can identify patterns in the world around us when we look at phenomena
through a scientific lens. Scientists often use classification to organise
different phenomena across the branches of science. For example, biologists
organise living things into groups, and astronomers name objects in the
universe (such as planets and galaxies) based on their features.




4. Science is quantified through
scale and measurement

Scientists use data to help quantify the world

around us, which requires them to use different
scales. For example, to quantify mixtures, we must
understand objects at the small scale of particles and
then apply this knowledge when looking at large-scale
problems like oil spills. Other phenomena, like how
the universe came into existence, occur on scales

too large to quantify in our minds!

5. All phenomena involve the flow
of matter and energy

All scientific phenomena rely on the transfer of matter
and energy. Sometimes, this transfer can be observed
directly, like when heat from the Sun is transferred to
your skin. Other times, a heat transfer may affect the
object at a particle level. More heat gives the particles
of the object more energy. While we can
sometimes observe this as a change
of state (for example, when
ice melts), objects are often
transferring heat energy at
asmaller level, which we
need specific equipment
to monitor.

Figure 1.15: While we can feel the Sun on P
our skin, we cannot directly observe how

itis being transferred at a particle level. 4 !

6. Scientific phenomena can be
organised in systems

Organising phenomena into systems allows us

to understand, explain and predict why things happen
in the world. Scientists look at the systems within
individual objects and organisms, and at systems that
control the relationships between objects and/or
organisms. Forces are systems in action. When forces
on an object are balanced, the object stays the same.
However, when forces become unbalanced, the object
will experience a change. For example, pushing the
pedals on a stationary bike causes it to start moving.
Systems can be extremely complex. For example,

our solar system is a complex system held together

by forces like gravity (Figure 1.16).

Figure 1.16: Our solar system
has a specific organisation and is
held steady by forces like gravity.

»

( ‘ Neptune
o Uranus

. - Saturn
Jupiter

-

Learning Ladder

Introduction to science

o Identify three key ideas that link to our solar system.

e Describe, using an example, how an object’s form
can be related to its function.

9 Explain the importance of matter and energy to
scientific phenomena.

0 Compare the scales that objects are looked at
in chemistry (that is, particles) with those studied
in astronomy (that is, the universe).

Use and influence of science

0 Identify an issue associated with the key idea of stability
and change.

9 Describe, with reference to at least one key idea, how our
knowledge of scientific phenomena can affect society.

@ Explain how scale and measurement may help us to
understand environmental considerations when
addressing problems.

Planning and conducting p.226

o Identify a piece of equipment that could be used
to investigate the flow of heat energy. Refer to the
Science how-to section on page 279.

e Describe how scientists might minimise the risks
associated with conducting investigations that involve
looking at living things.

Success criteria

| can explain how key ideas underpin our understanding
of scientific phenomena.

Introduction to science 15




6 > Safety in science

( .. .
Learning intention

At the end of this lesson, | will be able
to describe basic safety practices
that allow investigations to be safely
conducted in a science laboratory.

Key terms

Bunsen burner: a piece of scientific
equipment that produces a single
open gas flame

hazard: something that can harm living
things, objects or the environment

heating flame: the blue (very hot)
flame of a Bunsen burner (approx.
1500 °C); used for heating substances

risk: the chance that a hazard will
cause harm

safety flame: the orange (cooler)
flame of a Bunsen burner (approx.
300 °C); used between heating
substances

Investigation 1.6

Using a Bunsen burner, p. 285

_,.i_iﬁ

Barrel

/

Air hole

Collar

Gas hose

Base
V'S

Figure 1.17: Bunsen burners are used

to safely heat materials in a laboratory.

16 Good Science7

Safety is critical in science because all investigations
carry some degree of risk. To reduce risk in first-hand
investigations, plan your procedure and act in a safe
manner in the laboratory. Also consider the safety

of second-hand investigations to ensure the findings
are scientifically valid.

Good safety practices control risk

Whenever you step into a laboratory to undertake an investigation, it is
important to identify hazards and use good safety practices to control
the risk of them causing harm. (See step 2 in ‘Planning and conducting’
and ‘Using scientific equipment’ in the Science how-to section

on pages 227 and 277, respectively.)

Itis important to use the safety equipment available in science
laboratories, which includes:

safety glasses and face shields to protect your eyes from fumes,

particles and irritants

laboratory coats and aprons to protect your clothes and body from

chemical spills, flames and other hazards

gloves and hand protectors to protect your hands when

handling chemicals, biological materials and sharp objects

fire extinguishers, which use dry chemicals (not water) to put

out the flames if there is a fire

eye wash stations if you get something in your eye; never rub your eye

laboratory hoods to remove gases and fumes from the air (like an

exhaust fan).

DANGER No admittance
You are Biological Authonsed'
k ues hazard personnel only
I "s not to smoke =

4 Figure 1.18: All laboratories have safety rules that you must follow.
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Bunsen burner safety

A Bunsen burner is a common piece of scientific
equipment that is used for heating thingsin a
laboratory (see Figure 1.17). Itis crucial to know
how to set up and safely use a Bunsen burner

so as to avoid burns or gas leaks.

A Bunsen burner has two flames:

The safety flame is an orange flame that reaches
temperatures of about 300 °C,

The heating flame is a blue flame that reaches
temperatures of about 1500 °C.

Setting up and lighting a Bunsen burner

1

Time for the safety check! If you have long hair,
tie it up. Put on your lab coat and safety glasses.
Make sure you know the location of the fire
extinguisher and fire blanket. Check the gas hose
for any cracks, holes or tears.

Place a heatproof mat on the bench. Place the
Bunsen burner on top of the mat. Connect the
gas hose tightly to the gas tap.

Turn the collar of the Bunsen burner so the air hole
is closed.

Ask your teacher to check the set-up of your
Bunsen burner and provide any feedback.

A Bunsen burner is best lit by two people, one to
light a match and one to turn on the gas tap.
Light a match and position it over the top of the
barrel.

Ask your partner to turn on the gas tap.

Your Bunsen burner should now be lit with a yellow
flame. Move away from the burner and extinguish
the match. Turning the collar to open the air hole
creates a blue flame.

_
Figure 1.19: Wearing safety glasses,
rubber gloves and a laboratory
coat reduces risk when conducting
investigations in the laboratory.
4

Learning Ladder

Introduction to science

o Identify a piece of safety equipment that could help
you in the laboratory if you are working with flames.

@ Describe how to work with a partner to light a
Bunsen burner safely.

e Explain why it is important to ensure that
second-hand investigations have considered
safety issues.

Use and influence of science

o Identify an issue with using unsafe practices in
first-hand investigations.

e Describe how our understanding of safety in
first-hand investigations might help the wider
community.

e Explain how safety considerations could impact the

development of new technologies, such as using
radiation to treat cancer.

Planning and conducting p.226

o Identify three pieces of safety equipment that are
required when working with a Bunsen burner.

9 Describe a safety precaution that needs to be taken
when working with chemicals in the laboratory.

e Read through the aim, materials and method from
Investigation 1.6. For this investigation, identify the:
a independent (changed) variable.
b dependent (measured) variable.
¢ three controlled (kept consistent) variables.

Success criteria

| can describe basic safety practices in a laboratory.

Introduction to science 17




"/ » Ethics in science

Learning intention

At the end of this lesson, | will be
able to describe ethical principles
that ensure science is conducted
safely, responsibly, and with respect
for people, animals, culture and

the environment.

Key terms

ethics: moral principles that impact
how a person behaves; understandings
of what is wrong or right

research proposal: adocument
setting out details of all aspects

of a planned scientific investigation.
Members of an ethics committee
review it to ensure it conforms to the
principles of good and safe science.

J

.

Ethics committees

An ethics committee ensures that the science that
is conducted is good science; that is, it is practised
safely, responsibly and with consideration for the
wellbeing of all involved - both humans and animals.
These committees consist of people who usually

are not scientists and who often work in unrelated
fields. They read research proposals from scientists
to determine if they conform to ethics statements,
guidelines and/or policies. If the committee decides
that a proposal does not adequately address the
ethics requirements, scientists can be required to
revise and resubmit their proposal to ensure their
experiment is ethical.

18 Good Science 7

Figure 1.20: Animals are no longer commonly used in
school science experiments, since ethics approvals
are now required in educational settings.

When conducting research, scientists must be guided

by ethics — a set of moral principles that considers what

is good for individuals, society and our planet. Scientific
ethics guide how research is conducted and how scientific
knowledge is applied in the world. Scientific investigations
must follow ethical standards to ensure they are conducted
safely, responsibly, and with respect for people, animals,
culture and the environment.

Ethical principles in scientific
research

Balancing risks and benefits

Scientific experiments can involve risks, such as
handling dangerous chemicals or diseases, or
experimenting with medical treatments where the
outcomes are unknown. Researchers must clearly
communicate possible risks to participants and
minimise unnecessary ones. Any possible harms must
be carefully weighed against the possible benefits:

if the potential benefitis too low and the risk is too
high, it would be unethical to conduct the study.



Scientific validity

Ethical science requires scientists to clearly and
honestly show their results and how they reached
their conclusions, so that other scientists can
review and repeat their work, with the same results.
Scientists should design their investigations with a
clear aim and research question and select suitable
research methods. This means they must use the right
equipment to measure the right observation and,
importantly, ask the right questions. For example,
they must ensure that some experiments occur in
sterile conditions.

Free, prior and informed consent

All participants in an investigation must participate
voluntarily, giving free, prior and informed consent.
‘Free’ means they agree of their own free will and can
leave the experiment any time they wish. ‘Prior’ means
they have been told about all parts of the experiment
before it begins. ‘Informed’ means they understand all
the potential risks of the experiment before they agree
to participate. An investigation will not be ethical if all
these forms of consent are not honoured.

Respectful treatment of human
and animal participants

Some kinds of research cannot be done without
human or animal subjects. In these cases, researchers
must monitor the welfare of human and animal
subjects and ensure they are always treated with
respect. As a result of public debate around the use
of animals in research, scientists take great care to
minimise stress or harm to animal subjects and avoid
using them altogether if possible.

CALLTO LEGISLATE

CULTURAL

HERITAGE LAWS
Getth!

Respectful treatment of culture

All science involves collaboration and building on

the ideas of other people to learn new things: the best
science comes from sharing perspectives and learning
from each other in an ethical way. This means treating
cultural sites, practices, beliefs, objects and scientific
methods with respect.

Juukan Gorge is a sacred site on the lands of the
Puutu Kunti Kurrama and Pinikura (PKKP) people
in northern Western Australia. It contains multiple
significant spiritual and ceremonial sites, such asa
series of caves called the Juukan Gorge Rock Dwellings.
The Juukan Gorge caves contain archaeological
evidence that humans have lived continuously in the
area for more than 46 000 years — including through
Earth’s last Ice Age! One of the most significant
finds was a section of plaited human hair that is
around 5000 years old. Using DNA testing, scientists
conducted an investigation to show that the hair came
from the direct ancestors of PKKP people living today!

In 2020, mining company Rio Tinto destroyed the
Juukan Gorge Rock Dwellings by setting off explosives
nearby, despite being aware of the site’s spiritual
and archaeological importance. This represented
a profound loss for the PKKP people and caused
worldwide outrage. Rio Tinto had permission from
the Western Australian government to mine in the
area, so their behaviour was legal — but was it ethical?

Figure 1.21: Gomeroi Traditional Custodians Uncle Steve
Talbott and Aunty Dolly Talbott, Senator Lidia Thorpe,
Minister Linda Burney, Josh Wilson MP, and GetUp's Larissa
Baldwin with a petition on the steps of the Federal Parliament,
calling for stronger heritage protection laws in the aftermath
of Rio Tinto’s destruction of Juukan Gorge.

L
| CALLTOLEGISLATE | 7o

| CULTURAL |
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Unethical science case study 1: Harlow's monkeys

In the 1950s, scientist Harry Harlow conducted an

experiment where he separated baby monkeys from

their mothers and tested whether they preferred

a ‘mother’ monkey made of wire, or a ‘mother’
monkey made of cloth. He found the baby monkeys
preferred the cloth mother, even if the wire mother
was a source of food. The baby monkeys would visit
the wire mother to eat and then return to the cloth
mother. The experiment suggested that emotional
and physical comfort were important to the baby’s
development, possibly just as important as food.

A i A
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o

When Harlow published his findings,
some researchers and members of the public
disagreed that the scientific benefit of his studies
justified the distress and anxiety the monkeys
experienced. This public attention contributed
to the development of modern ethics guidelines
in research.

Figure 1.22: The baby monkeys preferred the soft, cloth ‘mother’,
even if the wire ‘mother’ was a source of food. Did the findings
of the experiment justify the distress the animals experienced?

v
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Figure 1.23: The ‘Little Albert’ experiment is an infamous example

of unethical science.

Unethical science case study 2:
the ‘Little Albert’ experiment

In1920, a report was published in a psychology
journal detailing an experiment where an infant,
identified as ‘Little Albert’, was trained to associate
real and toy animals with a frightening event such as
a loud noise. This association meant that the infant
showed fear when the animals were present, even
without the loud noise. This experiment would now
be considered unethical: for example, Albert could
not give free, prior and informed consent, as he was
an infant. Today, an ethics committee would review
the research proposal to decide if the potential
benefit of the experiment outweighed the risk

of causing distress to the subject.

Figure 1.24:
Little Albert

was conditioned
by a very loud
noise to feara
rat, so that just
seeing one would
make him cry.
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Learning Ladder

Introduction to science

o Recall the ethical principles of scientific research.

9 Describe the purpose of an ethics committee.

e Explain what each of the three terms of consent mean:
free, prior and informed.

Use and influence of science

0 Consentis animportant part of science because
without it investigations may not be
which poses a socio-scientific issue.

e Describe why Harlow’s experiments gained
public attention.

e Explain why the ‘Little Albert’ experiment was
unethical, with reference to social impacts.

Communicating . 245

@ (dentify and define any scientific terms not included
in the key terms.

e Propose two ways you could communicate your
perspective about unethical scientific practices.
9 Construct a letter to the Western Australian

government about why the destruction of the Juukan
Gorge Rock Dwellings may have been unethical.

Success criteria
« lcandescribe the principles of ethical science.

« | can explain case studies that involve
unethical circumstances.
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8 > Observations and inferences

( ) When conducting investigations, scientists make

Learning intention _ _ .
At the end of this lesson, | will be able to: observations and draw inferences that explain

- describe how senses can be used to natural phenomena.
make observations

« explain how observations can be
used to make inferences.

Scientists observe using their senses

Key term When conducting investigations, scientists can make observations
inference: a conclusion that is based using any of the five senses:
on evidence and observations - Sight: Can a change be seen? For example, is a liquid bubbling

or changing colour?

Investigation 1.8

Comparing observations, p. 287

Touch: Can a change be felt? For example, is a container
warmer or colder?

Smell: Is there a new scent? For example, can you smell

something (like sulfur)?

Hearing: Is there a new noise? For example, can you hear crackling

or bubbling?

Taste: Does a solution taste different? For example, does cake
Figure 1.25: By Using your senses, batter taste different before and after adding a specific ingredient?
you can make observations about (Note: Do not taste chemical solutions in science unless you are
what is occurring. explicitly instructed to do so by your teacher.)
v

Inferences are educated guesses

Observations can be used to make inferences.
Inferences are conclusions or educated guesses that
are based on what has been observed and that explain
what has happened.

For example, a friend
comes to school on
crutches, soyou
inferthat they have
had an accident.

At lunchtime, your
friend bites into a
sandwich and makes
aface, soyou inferthey
do not like their lunch.

Figure 1.26: Observation P
(What do you see?):

A drooping plant.
Inference: The plant is getting
too much or too little water.
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. Figure 1.27: Observatio G sk S i ; ///’,:V/é,

see?): A blackened landscape. Inference:

There has been a bushfire in this area.

N 3

Table 1.2: A sample investigation, with observations and inferences

Investigation
set-up

100 mL of cold
water is in

a beaker over
the blue flame
of a Bunsen
burner.

200 mL of cold
water is in

a beaker over
the blue flame
of a Bunsen
burner.

300 mL of cold
water is in

a beaker over
the blue flame
of a Bunsen
burner.

Figure 1.28: Making observations »

4
1)

Observation

After a certain
amount of
time, the
water starts
to bubble and
steam forms.

After a longer
amount of
time, the
water starts
to bubble and
steam forms.

After an even
longer amount
of time, the
water starts
to bubble and
steam forms.

can allow us to make inferences

about the impact of volume on
heating time for water.

Inference

The flame from the Bunsen
burner is causing a
change in the temperature
of the water.

The flame from the Bunsen
burner is increasing the
temperature of the water,
but with more water it
seems to takes longer.

The flame from the Bunsen
burner is increasing the
temperature of the water,
but as the amount of water
increases, so too does the
time required for it to heat
up and boil.

Learning Ladder

Introduction to science

@ /dentify the branches of science that are relevant
to heating water.

e Describe how scientists work together to make
observations during an investigation.

© a Describe what you observe in Figure 1.28.
b Infer what the flame is doing to the water.

Use and influence of science

€ dentify an issue with using the sense of taste
in laboratory investigations.

e Describe the impact of being able to make inferences
on our understanding of scientific phenomena.

9 Explain the difference between an observation and an
inference, with reference to the Figure 1.27 caption.

0 Discuss the response a local government might make
after observing the landscape shown in Figure 1.27.

Communicating . 245

@ (dentify and define three scientific terms used
in this section that are not listed as key terms.

e Describe a method for constructing and presenting
a list of definitions for these key terms.

e Construct your selected method of communication
from Question 2. Be sure to write each definition
in your own words.

Success criteria

« | candescribe how to use my senses to make
observations.

« | canuse my observations to make inferences.
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*Q » Using scientific equipment
to make observations

e .. .
Learning intention

At the end of this lesson, | will be

able to describe the impact of using
scientific equipment on the accuracy
and precision of my observations.

Key terms

accuracy: how close a measured
value is to the true, exact value; how
closely a recorded value matches the
expected outcome of an investigation

data: facts and information collected
for reference or analysis

precise: how specific or exact a
measured value is

qualitative data: data with qualities or
characteristics that can be observed
and described

quantitative data: data that can
be counted, measured or represented
by numbers

repeatable: provides consistent
results when repeated

Investigation 1.9

Using scientific equipment
to make observations, p. 288

\.

Figure 1.29: By using a thermometer,
you can measure the temperature
of liquids more precisely.
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Making observations is an important part of investigations.
From these observations, scientists draw inferences that
explain natural phenomena. Observations that are made
using only our senses lack accuracy, whereas observations
made using scientific equipment are more accurate

and reliable.

Measuring with equipment improves accuracy

During investigations, scientists make observations using any of the

five senses: sight, touch, smell, sound and taste. They also use a variety

of equipment to take precise measurements and to collect data,

such as thermometers, digital scales and stopwatches.
Data can be quantitative or qualitative:
Quantitative data relates to quantities (that is, numbers) and can
include the number of something, volume, length, time, or anything
that can be measured or counted.
Qualitative data relates to the qualities of something and can be
written descriptions and observations. Qualitative data lacks accuracy.

Figure 1.30: Scientists P
use equipment like
microscopes to make
observations.



Table 1.3: Making observations using the senses versus using measuring equipment

Investigation Observation using the senses Observation using measuring equipment

Heating water over | can see that the water bubbles and produces | can use a thermometer to measure the

a Bunsen burner steam when it gets hot. temperature of the water. The water starts to bubble

and produce steam when it reaches 100 °C.

Dissolving salt | can see that a small spoonful of salt dissolves. | can use a digital scale to weigh accurate quantities

in cold water | can see that a large spoonful of salt does not of salt, so | can calculate the exact amount of salt
completely dissolve. | can see this because there that can be dissolved in the beaker of cold water.
are salt crystals at the bottom of the beaker.

Boiling different | can see that some liquids take longer to start | can use a thermometer to measure the

liquids bubbling than other liquids. temperature of each liquid when it starts to boil.

I can use a stopwatch to measure the exact amount
of time it takes each liquid to start boiling.

In each of the investigations in Table 1.3, using

measuring equipment enabled the scientist to translate Leq rning quder

the observations they made with their senses into

precise measurements, making their data more accurate. Introduction to science
This accuracy improved the scientist’s observations. © 'dentify when it is important to use scientific
Accurate observations are more credible, valid and equipment to improve the accuracy of investigations.

repeatable, and are therefore more likely to be
accepted by other scientists.

9 Describe how making observations using measuring
o equipment can improve our understanding of
scientific concepts (for example, the boiling points
of different liquids).

1 e Explain how two pieces of scientific equipment
you have identified can help make your observations

about the boiling point of water more precise.

Figure 1.31: Athletes P
use equipment like
digital stopwatches

and sensors to precisely
measure their run times.

Nature and development of science

o Identify a problem with making observations solely
with our senses.

e Describe how collaborating with others may help
to improve the accuracy of measurements when
conducting an investigation.

e Explain, using examples, how particular items
of scientific equipment have assisted scientists
to make improvements in the field of medicine.

Questioning and predicting p.222

o From the following questions, select one that could
“=  be used to conduct the salt investigation in Table 1.3.
A How much salt does cold water dissolve?
B Does salt dissolve in cold water?
C Does the temperature of the water affect

the amount of salt that can be dissolved?

@ Predict what the answer to the question you selected
would be.

e Construct an appropriate scientific question that
you could ask when completing Investigation 1.9.

Success criteria

« lcanexplain why it is important to use scientific
equipment to make observations during investigations.
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Summary

« The purpose of science
is to build knowledge and
understanding of the world
around us.

- Scientific understanding is built
by observation, experimentation
and the use of inferences that
lead to conclusions.

. Science cannot exist without
people. As a human endeavour,
scienceis as old as the existence
of people and influences all
aspects of our lives.

First Nations science uses traditional practices Western science includes four branches:

to observe and care for Country. Biological Sciences, Chemical Sciences, Earth and
Space Sciences and Physical Sciences. The branches
can be broken down into sub-branches; for example,
Earth and Space Sciences can be broken down

into Geology and Astronomy. The branches and
sub-branches overlap and intersect.

Scientists work together to build on each
other’s work. This means that collaboration
in science is extremely important.
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Western science is

underpinned by six key

ideas that help us to

understand all scientific

phenomena. These key

ideas are:

1. patterns, orderand
organisation

2. form and function

3. stability and change

4. scale and measurement

5. matter and energy

6. systems.

- Allinvestigations have a degree of risk.
When practising science, itis important
to use good safety practices to minimise
the risk of harm.

« Allinvestigations, both first-hand and
second-hand, must be conducted in
away that ensures their results are valid
and trustworthy.

- Allscientific investigations must follow
ethical standards to ensure they are
conducted safely, responsibly, and with
respect for people, animals, culture and
the environment.

« Observations made
using measuring
equipmentare
more precise than
observations made
using only our senses.

Scientists make
observations and
draw inferences
from them that
explain natural
phenomena.
« Making sure our
observations are
precise helps us
to obtain more
accurate data
during first-hand
investigations.
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(O Classificat

Every single object on Earth can be sorted into one
of two distinct categories: living or non-living. Living
things are called organisms, which are made up of
cells. Once something has been identified as a living
thing, it is part of a hugely diverse group of organisms.
To order and organise this diversity of life on Earth,
scientists use classification, where they group things
based on similar characteristics. These systems help
scientists to organise the world around them so that

we can better understand the patterns that exist

among living things across the world.

.adder

| can analyse how classification of
living things changes over time

| can compare and contrast
the structural features of a
variety of organisms

| can explain how biological diversity
is ordered and organised

| can classify organisms
using classification tools

| can identify observable
features of living things

Biological science:
Classification

Stepsin
progression

Science understanding

28 Good Science 7

The Learning Ladder for each chapter maps the Science Understanding,
Science as a Human Endeavour and Science Inquiry strands that will be covered.
Each ladder has five levels of progression, called steps. To climb the ladders,

you need to develop fluency at each step. This will help you develop the ability

to complete tasks that are more complex.

| can analyse how people with
different perspectives and
worldviews collaborate to

develop scientific knowledge

| can discuss how models and
theories have developed over time

| can explain how new evidence can
lead to changes in scientific knowledge

| can describe the importance
of multidisciplinary
collaboration in science

| can recognise scientific
problems and solutions

Nature and development
of science

| can analyse how the communication
of scientific knowledge shapes
viewpoints, policies and regulations

| can discuss the impact of responses
to socio-scientific issues

| can explain examples of ethical,
environmental, social and/or economic
impacts of scientific advances

| can describe how scientific

knowledge can affect society

| can identify socio-scientific issues

Use and influence of science

Science as a human endeavour




| can evaluate investigation questions
and predictions for scientific validity

| can develop a hypothesis that
predicts the relationship between
investigation variables

| can construct questions and
predictions to investigate
scientific problems

| can make simple predictions
based on what | know and observe

| can recognise questions that can
be investigated scientifically

Questioning and predicting

| can design and conduct reproducible

investigations that consider safety,
ethical and procedural factors

| can generate and record data
with precision, using digital
tools as appropriate

| can distinguish between variables
to be changed, measured and
controlled in an investigation

| can describe ways to minimise
risks for a range of investigations

| can identify and select appropriate
equipment for scientific investigations

Planning and conducting

Science inquiry

Figure 2.1: This quokka and

all the plants inits habitat are
living things, which can be
classified into specific groups.

|

| can communicate scientific
findings and arguments for specific
purposes to specific audiences

| can use digital technologies
to organise and communicate
data and information

| can prepare a variety of
representations to communicate
ideas and findings

| can select appropriate formats to
communicate ideas and findings

| can identify scientific terminology
used to communicate information

Communicating

Stepsin
progression

Classification 29



] » Characteristics of living things

-
Learning intention

living things.

Key terms

produced during respiration

specific characteristics of being alive
body contains

living thing

respiration: a chemical reaction that
converts glucose to energy

stimuli: changes in the environment

At the end of this lesson, | will be able to
describe the characteristics shared by all

carbon dioxide: a colourless and odourless
gas containing carbon and oxygen that is

living thing: an organism that displays

mass: the amount of matter that a physical

organism: an individual animal, plant or other

There are millions of different organisms on Earth.
How do scientists classify things as living or non-living?

Living things share three key
characteristics

All living things:

are made of cells

are made of molecules containing carbon

have biological characteristics in common, such as being able

to grow, move, reproduce and respond to stimuli.
Living things have many other characteristics, and some organisms
have the same features. Living things can also be very different from
one another, such as dogs and octopuses!

Living things share seven biological

that cause responses in living things

characteristics

There are seven biological characteristics or features that organisms
must have to be considered ‘living’ by scientists. These are:

Key idea: Patterns, order and organisation

=  Growth: The organism gets bigger and develops over time.
For example, frogs hatch from eggs as tadpoles and develop
as they grow, and many plants grow from seeds.
Movement: The organism can move part or all of itself.
For example, humans can walk, and plants can move their
leaves to face the sun.
Nutrition: The organism takes in nutrients. For example,
a bird eats insects, and plants absorb minerals from the soil.

Reproduction: The organism can produce new offspring.
This happens in many ways. Some organisms make identical
copies of themselves, while others (like humans) require a mate.

Figure 2.2: Frogs develop over time
from tadpoles, which hatch from eggs.

Response to stimuli: The organism can respond to changes in
the environment. For example, kangaroos stay in shaded areas
throughout the hottest parts of the day.

Respiration: The organism can convert nutrients into energy.
This happens in the organism’s cells.

Waste removal: The organism can get rid of waste products.
In humans, this includes breathing out carbon dioxide gas
and getting rid of urine and faeces.

If something does not have all seven of these characteristics,
scientists will not classify it as living. For example, even though
fire requires fuel to burn and it can spread, it does not respond to
stimuliin the environment, so fire is classified as non-living.

-
\e 'y —
k | g
Figure 2.3: Scientists can use microscopes
k to see the characteristics of living things.
A :
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We use scientific equipment
to see the characteristics of
living things

Some of the characteristics of living things can
be hard to see. To see them, scientists use special
equipment, such as:
Microscopes: This technology allows scientists
to see magnified images of different objects,
including living things. This means that they
can see the cells that make up living things.
(See the Science how-to section on page 281.)
Digital scales: Scientists use digital scales to
measure the mass of living things. Increasing
mass means the organism is growing!
Carbon dioxide probes: These special probes
measure the level of carbon dioxide in the air.
If there is an increase in carbon dioxide in the air
of an enclosed environment containing an animal,
it proves that the animal is respiring.

Figure 2.4: Both bees and flowers have the seven

biological characteristics of living things.
v

Learning Ladder

Classification

o Identify two characteristics that all living things share.

9 Classify each of the following objects as living or
non-living, based on their biological characteristics.
Give a reason for your classification.

a Afire b Awattle tree c Water

6 Identify an object that produces waste when you
use it but which does not grow over time. Suggest
whether scientists would classify your object as living
or non-living. Explain your choice.

e Discuss two characteristics that the bee and the
flower in Figure 2.4 share.

© Evaluate the following statement: ‘Trees can't
move from one spot to another, so they must not
be living things'.

Nature and development of science

o Identify one problem with classifying living things.

e Describe why it is important for biologists and
chemists to work together on classification.

9 Explain how using technologies such as microscopes
and carbon dioxide probes can help scientists to
classify objects as living organisms.

Questioning and predicting p.222

o From the following questions, identify the one a
scientist could use in classifying a plant as a living
thing.

A How much carbon dioxide do plants produce?

B Does the length of time a plant is in an enclosed
environment affect the level of carbon dioxide
in the air around it?

C What do plants need in order to grow?

e Afrogis aliving thing. If a scientist weighed a newly
developed frog every day for a month using digital
scales, predict the results they would expect to see.

9 Construct a question that would allow a scientist to
conduct the investigation described in Question 2.

Key idea: Patterns, order and organisation

Identify five specimens from your school playground that
have all seven characteristics of living things. Name the
features that allow you to classify them as living. How are
they related?

Success criteria

« | candescribe the characteristics shared by all
living things.
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Learning intention Classmcc.tlo.n is th'e process of sort.lng things into
At the end of this lesson, | will be able to groups. Similar objects are placed in the same group.
describe what classification is and why Classification plays an important role in ordering and

ftis useful organising the diversity of life on Earth.
Key terms
classification: the process of sorting Classification means sorting things into groups

things into groups or classes

species: a single, specific type of Things can be classified for many different reasons, depending on who

living thing is doing the arranging, sorting or grouping.
taxonomy: the science of classifying Different classification systems exist in many areas in your daily life:
organisms

In your school library, books are classified
according to the Dewey Decimal
Classification system, which is useful

for finding both subjects and authors.

Investigation 2.2
Classifying items, p. 290

Key idea: Patterns, order and
organisation

We can sort items that can be recycled
into paper, glass and plastic.

Animals can be sorted into two groups:
vertebrates (those with a backbone)
and invertebrates (those without).

All scientists use classification

Biologists are scientists who study living things.
The science of classifying organisms (sorting
and arranging living things into groups) is
called taxonomy. A biologist who specialises in
classifying living things is called a taxonomist.

However, many scientists use classification:
Chemists classify substances by their
physical properties and their chemical
reactions with other substances.

Geologists classify rocks according to

how they were formed and their mineral
content, such as sedimentary, igheous

and metamorphic.

Astronomers classify objects in the universe
by observing their properties, such as size,
density and whether they give off light.
Meteorologists classify different sections of
the atmosphere surrounding Earth according
to their temperature and how they affect
the weather.

V'S

Figure 2.5: Butterflies are classified by their colours,
and by the shape of and patterns on their wings.
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Classification is important

Classifying living things is important for many reasons:

Classification helps biologists to work out whether
different living things (for example, different
species) are connected and the relationship
between different organisms.

Classification helps biologists to identify newly
discovered organisms. New plants, insects, fish and
bacteria are discovered every year.

Using a classification system allows biologists from
different countries to communicate with each
other about their work. An Australian scientist may
use different names for trees and plants than a
Chinese, French or Indonesian scientist. However,
if they use the same classification system, they can
all easily identify an organism.

Biologists can use classification to determine how
species have evolved. This helps to show patterns
and connections between
related organisms.

Without classification,
none of this is possible.

PN

Figure 2.6: Is a cat closely related to a lion? They have
similarities but are also very different. Classification helps
biologists to identify how these two animals are related.

¥ Figure 2.7: In our homes, we classify recyclable waste
into different categories.

[ 4
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Learning Ladder
Classification

o Identify two features you can use to group living things.

e Classify the following organisms by size: alpaca, beetle,
echidna, horse, iguana, leopard, platypus, wasp, zebra.

e Explain why it is important for taxonomists to be able
to classify organisms into groups.

Use and influence of science

o Identify a communication issue that is solved using
classification.

@ Describe how a classification system can help us to
better understand living things.

e Explain how the classifications used by meteorologists
can help us to better protect the environment.

Planning and conducting p. 226

A student collected the following objects: scissors, five
coloured pencils, a lead pencil, a red pen, a blue pen, a glue
stick, an eraser, a pencil sharpener and a ruler.

o Identify a piece of scientific equipment that the student
could use to make observations of these objects. How
should they use this equipment?

e Describe two ways the student could minimise any risks
associated with handling these objects.

e Identify what the student is changing in this investigation
(the independent variable) and what they are measuring
(the dependent variable).

O Propose how this investigation could be modified to
collect precise quantitative data.

e Construct a step-by-step method for your modified
investigation from Question 4.

Key idea: Patterns, order and organisation

Identify five organisms that you can classify into one group.
Describe two features that these organisms have in common.

Success criteria

- | candescribe what classification is and why it is an
important process.

| can use classification to group organisms together.
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«3 » The Linnaean classification system

Learning intention

At the end of this lesson, | will be able to
describe and use the Linnaean system
of classification.

Key term

naturalist: someone who studies
nature and its history

~N

Key idea: Patterns, order and
organisation

Figure 2.8: The Linnaean classification
system has six kingdoms of life. These
kingdoms are broad classification levels
for all living things.

Animals

__ Protists -~

Figure 2.9: The classification of the P
brush-tailed rock wallaby, according
to the Linnaean classification system.
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It is important that scientists use the same system to
classify living things. This enables them to compare their
findings, share information and collaborate.

Scientists use the Linnaean system to
classify species

A system for grouping living things was first proposed by Swedish
naturalist Carolus Linnaeus in 1753. It is known as the Linnaean
classification system and has been used by scientists to classify
species since the 18th century.

The Linnaean system has eight levels

Linnaeus’s system classifies organisms by levels called taxa, and
each taxa is divided into groups. These groups are based mainly on
cell and structural characteristics, and on how the organisms behave
and reproduce.

At the highest level, these groups are huge: one group contains
all the plant life on Earth. As we go down the levels, the groups
become more specific.

At the top of the system, the most general classifications are domains
and kingdoms. The characteristics used to separate these groups are
based on cell structure. At the bottom of the system are genus and
species. This is where we can identify individual types of organisms.

Slzeslliezifion Classification for brush-tailed rock wallaby

level
Domain Eukaryota (organisms with specialised cells)
[
Kingdom g Animalia (animals)
)
>
Phylum E Chordata (animals with a cord along their back)
Class Mammalia (mammals)
(animals with hair and live young)
Order Marsupialia (marsupials) (animals with a pouch)
Macropodidae (macropods)
Family o (animals with large hind legs and long tails,
% e.g. wallabies, kangaroos, pademelons)
-
Genus > Petrogale (rock wallabies)
o
>
Species Petrogale penicillata (brush-tailed rock wallaby)



Figure 2.9 sets out how the brush-tailed rock wallaby is classified according

to the Linnaean system.

Every species has a two-word name

All rock wallabies are part of the Petrogale genus, and the brush-tailed
rock wallaby’s species name is penicillata. This means that its full scientific

name is Petrogale penicillata.

This naming is another important part of the Linnaean system: every
species is given a two-word scientific name. These names are developed

according to strict rules:

The first word is the genus name and begins with a capital letter.

The second word is the species name and begins with a lowercase letter.

The name is shown in italics (or underlined when written by hand).
The words in these names are usually Latin or ancient Greek. Because these
languages are no longer commonly used, they do not change over time as
modern languages do. This is useful because the meanings stay the same.
Even if scientists do not speak Latin, they can look up the words and find

the same meaning each time.

ﬂ{: Figure 2.10: The brush-tailed
rock wallaby’s scientific name

is Petrogale penicillata.

Learning Ladder

Classification

o Identify three features of the brush-tailed rock wallaby
that can help you to classify it.

9 Classify the domestic dog from the least to the most
specific level:
« Phylum: Chordata
+ Class: Mammalia
+ Kingdom: Animalia
« Genus: Canis
« Family: Canidae
« Order: Carnivora
« Domain: Eukaryota
« Species: Canis familiaris
9 Explain how the different levels of classification help us
to better understand the patterns among living things.

0 Compare the structural features of the plant and fungi
illustrations in Figure 2.8.

Nature and development of science

€ Identify a solution that the Linnaean system of
classification provides to scientists who are working
with living things.

9 Describe how collaboration between past and present
scientists has helped with classifying all the organisms
we see around us today.

Questioning and predicting p.222

o From the following questions, identify the one that
would be most appropriate for a scientist to use when
classifying a newly discovered organism.

A What other organisms does this one look like?

B How bigis this organism?

C How do the features of this organism relate to other
organisms that are similar to it?

e Predict which of the following species the brush-tailed
rock wallaby is most closely related to.
A Red kangaroo B Platypus
C Echidna D Grey wallaby

e Construct a prediction that could be used to test your
answer to Question 2.

e Develop your prediction from Question 3 to ensure it
considers the relationship between variables.

e Swap hypotheses with a classmate, and evaluate each
of them for scientific validity.

Key idea: Patterns, order and organisation

Classifying living things can reduce the risk of them harming
humans. Using their common and scientific names,
construct an infographic that classifies five Australian
snakes according to how venomous they are.

Success criteria

- | candescribe and use the Linnaean system of classification.
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-4 » Classification keys

Learning intention

At the end of this lesson, | will be able
to use a simple classification tool to
categorise living things.

Key terms

classification key: a tool to help
classify an organism by identifying
important characteristics such as its
features and behaviours

dichotomous: divided into two parts

Investigation 2.4

Classifying supermarket items, p. 291

Key idea: Patterns, order and

organisation
J

¥ Figure 2.11: An example of a branching
key that classifies the bird, earthworm,
lizard and cat

Bird, earthworm, lizard, cat

Bones No bones

Bird, lizard, cat Earthworm

Feathers No feathers
Bird Lizard, cat
Fur No fur
Cat Lizard

Scientists use classification keys to help them categorise
and identify living things. Classification keys may use pictures,
words, numbers and instructions. There are different types
of keys, including branching and dichotomous keys.

Some classification keys divide groups
using branches

A common type of classification key is a branching key, which has two

or more branches at each level to separate groups. As we move down the
branches, we can identify characteristics until we determine the right
organism. The branching key in Figure 2.11 shows how to identify a bird,
earthworm, lizard and cat.

Dichotomous keys use questions or
statements

Another type of key is a dichotomous key. ‘Dichotomous’ means ‘divided
into two parts’. This classification key uses statements or questions

with only two choices at each step. We can follow the directions until

we identify the organism. For example, a dichotomous key for identifying
a bird, an earthworm, a lizard and a cat might look like Figure 2.12.

¥ Figure 2.12: A dichotomous key that classifies the earthworm, bird, lizard and cat

a Skeleton of bone Go to step 2

@ b Does not contain bones Earthworm
a Covered in feathers Bird

@ b Not covered in feathers Go to step 3
a Covered with dry scales Lizard

@ b Covered with fur Cat

When using a dichotomous key, we do not always go to the next
numbered step. This is because keys can be used to divide many
animals at once, meaning not all animals will be relevant to each step
(see Figure 2.13).

¥ Figure 2.13: A dichotomous key that classifies the spider, scorpion, fly and dragonfly

a 4 pairs of legs Go to step 2
@ b 3 pairs of legs Go to step 3
a Fangs to inject venom Spider
@ b Barbed stinger to inject venom Scorpion
a 1 pair of wings Fly
@ b 2 pairs of wings Dragonfly



Classification keys identify important characteristics

The most important part of designing  Table 2.1: The five classes of arthropod

a classification key is deciding which
characteristics to include to identify
organisms. The features chosen for
a key depend on the organisms to
be classified.

Class

Insects

The first steps of a key should
be easily observable features — for
example, whether an organism has
a backbone. When the classification
becomes more specific, the key needs
more detail — for example, whether
aninsect has spots on its wings.

Crustaceans

Arachnids

The largest group of animals
on Earth is the arthropods.
‘Arthropoda’ means ‘jointed feet’,
and all arthropods have legs with
joints as well as an exoskeleton
(arigid covering around the body).
Table 2.1 shows the five classes
(subgroups) of arthropod, and the
physical characteristics of each.

Centipedes

Millipedes

Characteristics

« 3 body parts (head, thorax, abdomen) __
« 6 legs (3 pairs) <

= 0, 1o0r 2 pairs of wings .

. 1 pair of antennae , *
\

« 3 body parts (head, thorax, abdomen)

« 10 legs (5 pairs)

« No wings
« 2 pairs of antennae

« 2 body parts (renhalatharav ahdaman)
« 8legs (4 pairs
= No wings

= No antennae

« Many body se
« 1 pair of legs «
« Flat body cross-section
= No wings

= 1pair of antennae

« Many body segments

« 2 pairs of legs on each segment
» Rounded body cross-section

« No wings

« 1pair of antennae

Example(s)

Fly, mosquito,
dragonfly _

Crab, lobster,
prawn

-

Qnider, tick,
S o pion
Ce_

7 | ) ipede

Millipede

(Ui

Learning Ladder

Classification

o Identify two features shared by the following:
a Australian funnel-web spider
b Dragonfly
¢ Blue swimmer crab

9 Describe some of the structural features of humans that
could be used to help classify them.

e You have discovered a new species of arthropod.
It has 10 spiky legs, a head, a thorax and an abdomen,
and it cannot fly. Using Table 2.1, suggest which class
of arthropod it belongs to. Explain your choice.

Use and influence of science

o Identify an issue that may occur when classifying
arthropods.

9 Describe how our knowledge of classification keys can
help us to better manage local environments.

6 Scientific advances have helped humans create new
breeds of dogs. Construct a dichotomous key to organise
10 dog breeds you can identify. Suggest an ethical factor
to consider when creating new breeds of dogs.

Planning and conducting p.226

Read the aim, materials and method for Investigation 2.4
on page 291.

0 Identify three pieces of equipment used.

e Identify a risk associated with this investigation.
Describe the steps you would take to help minimise it.
e For this investigation, identify the following:
a Independent (changed) variable
b Dependent (measured) variable
¢ Controlled (kept consistent) variables
0 Explain how you would precisely record your data.

e Design a similar step-by step investigation for classifying
organisms encountered on a class trip to the zoo.

Key idea: Patterns, order and organisation

Classification keys can help in organising organisms that exist
in similar environments. Design a simple classification key to
identify five organisms from a local habitat of your choosing.

Success criteria

| can use a simple classification key to categorise
living things.

Classification 37
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Learning intention

| At the end of this lesson, | will be able
| todescribe the difference between
a vertebrate and an invertebrate.

Key terms

invertebrate: an organism without
a backbone or spinal cord

Figure 2.14: Blue whales are the largest
vertebrates in the world: they weigh up to
140 tonnes! A whale’s skeleton could not
support its weight on land.

. vertebrate: an organism with a
backbone or spinal cord

Investigation 2.5

Investigating features of marine From the largest whale to the smallest insect, there
animals, p. 292 . . . .

_ P are more than 800 000 different animal species in the
Key idea: Patterns, order and kingdom Animalia. The first question to consider when

ST ~ classifying animals is whether or not they have backbones.

Vertebrates are animals with backbones

Some animals — such as humans — have a group have a flexible nerve cord inside their backbone
backbone or spine, which is made up of oddly that sends information between all parts of the body.
shaped bones called vertebrae. Animals with Fossils show that vertebrates have existed for
classification system, vertebrates are members vertebrate species have evolved. Today, there is a

of the phylum Chordata. All the animals in this diverse range of animals with backbones.

Table 2.2: The five classes of the phylum Chordata

Class Body covering Temperature Reproduction Structure for Example
control movement
Fish Slimy scales Gains heat from Lays eggs Fins to move through Salmon
surroundings water
Amphibians Naked skin Gains heat from Lays eggs in water Young (tadpoles) have Frog
surroundings fins; adults have legs
Reptiles Dry scales Gains heat from Lays leathery eggs Legs for walking on land  Crocodile
surroundings (except snakes)
Birds Feathers and Produces own Lays hard-shelled eggs Legs for walking on land  Kookaburra
scales (on feet) heat and wings for flying
Mammals Hair or fur Produces own Lays eggs Legs with different Echidna
heat . . h f lking,
ea Gives birth to underdeveloped young zwei‘ger:inogr (\;vraﬂylir;g Human
Gives birth to fully developed young Dog
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Invertebrates are animals
without backbones

The prefix ‘in-> means ‘not’, so invertebrate

means ‘not a vertebrate’. These animals do not
have backbones or any other bones.

There are many different phyla (groups) of
invertebrates. They can be grouped by structural
features. Most invertebrates have an exoskeleton,
which is a rigid covering outside the body that is
not made of bone. This supports the animal as it
moves. Some invertebrates — such as worms —
do not have an exoskeleton. These animals have
internal structures that support them.

Table 2.3: Some of the many phyla (groups) of invertebrates

Phylum Characteristics Example(s)
(group)
Cnidarians Soft body with Anemone,
one opening coral,
jellyfish
Annelids Segmented worm, Earthworm
round cross-section,
lives on land
Platyhelminths Segmented worm, flat Tapeworm,
cross-section, lives in planarian
fresh water or in another = worm
organism
Nematodes Unsegmented worm, Round
round cross-section, worm,
often lives in another heartworm
organism
Poriferans Collection of cells, some  Sponge
with hair-like structures,
one opening
Molluscs Shelled animal Snail, clam,
oyster
Echinoderms  Body parts arranged Sea star,
around a central point, sea urchin,
has many ‘feet’ brittle star
Arthropods Jointed legs, exoskeleton, Insect,
segmented body prawn,
spider

There are more species of
invertebrates than vertebrates

Invertebrates account for around 95 per cent of all
the species in the animal kingdom. There is also a
large range of invertebrate species. These diverse
animals can be sorted into many different groups.

Figure 2.15: All insects are invertebrates:
instead of backbones, most have exoskeletons.

Learning Ladder

Classification

o Identify the main difference between a vertebrate and
aninvertebrate.

e Classify the following invertebrates into their correct
phylum (group). Use Table 2.3 to help you.
a Earthworm b Mussel (a shelled animal)
¢ Snail d Lobster

e Explain how you can tell if an organism is a vertebrate
or an invertebrate just by looking at it.

o Compare and contrast the features that provide
vertebrates and invertebrates with structural support.

e Many vertebrates from different classes and species have
similar bone structures. Suggest how, over time, this may
have changed the way vertebrates are classified.

Nature and development of science

o Propose a problem that can be solved by a system that
allows us to classify invertebrates.

9 Describe how collaboration between scientists assists
in studying the bone structures of different vertebrates.

e Explain how an organism’s classification can be changed
by new evidence about its structure and features.

Communicating . 245

€D dentify three scientific terms used in this section that are
not listed as key terms.

e Construct an appropriate table to record the definitions of
the terms identified in Question 1.

6 Use a digital platform to construct an infographic that
compares the features of two classes of vertebrates.

Key idea: Patterns, order and organisation

Identify the five categories that vertebrates can be classified
into according to the Linnaean system of classification.
Classify three Australian vertebrates into more specific
categories. Justify your classifications.

Success criteria

- | candescribe the difference between a vertebrate
and aninvertebrate.

- lcangive at least two examples of vertebrates
and invertebrates.

Classification 39




Learning intention

At the end of this lesson, | will be able
to classify a variety of plants based on
some of their features.

Key terms

angiosperm: a plant that produces
seeds in fruit or flowers

bryophyte: a plant that does not
contain vascular tissue

gymnosperm: a plant that produces
seedsin cones

spore: a tiny part of some plants that
is used to reproduce

structure: the construction and

tissue: a group of cells with a similar
structure and function

tracheophyte: a plant that contains
vascular tissue

vascular tissue: tissue that transports
fluid and nutrients throughout a plant

arrangement of tissues, parts or organs

Key idea: Patterns, order and
organisation

Figure 2.17: Mosses are bryophytes.
These plants do not have internal
support and spread across surfaces
rather than growing upwards.

|
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Figure2.16: »
Ferns reproduce
using spores.

There are almost 400000 plant species in the kingdom
Plantae. The incredible variety of plants includes ferns,
mosses and flowering plants. Like other organisms,
plants can be classified by their structure.

Plants can be classified by their tissue

Plants can be grouped according to their type of tissue:
Vascular plants (tracheophytes) have vascular tissue.
Non-vascular plants (bryophytes) do not have vascular tissue.

Vascular tissue transports sugars, water and minerals through tiny
tubes in the plant. It also supports the plant structurally. Vascular tissue
works in a similar way to the bones and blood vessels of mammals.

Tracheophytes (vascular plants)

Most plants are tracheophytes (vascular plants), which are supported
from inside and can grow very tall. Water moves from the soil into the
roots, the stem and then the leaves. Glucose is made in the leaves,
from where it travels to the rest of the plant to be used for energy or
converted to starch and stored. Most vascular plants reproduce using
seeds. These small grains with hard outer coatings contain the material
plants need to reproduce.

Bryophytes (non-vascular plants)

Bryophytes do not have internal support, so they cannot grow very tall.
Instead, they appear as soft coverings such as mosses and liverworts on
surfaces like rocks and soil. Non-vascular plants do not have true roots or
leaves. Bryophytes grow in areas where water is plentiful, such as next to
rivers or waterfalls, or in rainforests.

Non-vascular plants reproduce using spores. These are small,
round spheres on the underside of leaves. Spores fall to the
ground and grow into heart-shaped plants that produce male
and female cells. Spores need water for fertilisation.



Seeds, fruits and flowers
can be used to
classify plants

Plants can also be grouped into
those that produce seeds and
those that do not. For example,
ferns do not have seeds (they have
spores), whereas flowering plants
do have seeds.

Plants that produce seeds can be
divided into those that produce seeds
in cones or in flowers and fruits.

Gymnosperms produce naked seeds
that develop in cones. These plants
have needle-like or thin leaves, and
often grow into tall trees with woody
trunks. Because they have large root
systems, they can collect water from
underground supplies and can grow in \ U
many different environments. Pines, firs, *’
cycads and ginkgos are all gymnospermes. J

Angiosperms produce seeds in flowers or fruits.
There are many different types of flowering plants, and
thisis the largest group of plants on Earth. Wattles,
roses, grass, wheat and eucalypts are all angiosperms.

Table 2.4: Some features used to classify plants

Class Contains Produces Method of Examples
vascular seeds?  producing
tissue? seeds
Bryophytes No No — Mosses,
liverworts
Ferns Yes No — Ferns
Gymnosperms Yes Yes Cones Pine tree
_ Angiosperms  Yes Yes Flowers Orange

/2 and fruits  tree
/.""f
1 q Figure 2.18: Norfolk Island pines are gymnosperms,

- which produce seeds in cones.

4 Figure 2.19: This Australian native plant,
the kangaroo paw, is an angiosperm
because it produces seeds in its flowers.

Learning Ladder

Classification

o Identify an example of a:
a tracheophyte. b bryophyte.

) Aplantisabout 20 cm tall and has a pink flower
blooming from a single stem. Into which of the
following groups would you classify this plant?

Give a reason for your choice.
A Ferns B Gymnosperms € Angiosperms

: 6 Is a cherry tree a gymnosperm or an angiosperm?

Explain your answer.

e Compare and contrast the features of bryophytes
and tracheophytes.

e Conduct a search to explore how gymnosperms
and angiosperms were classified before their
seed-producing methods were understood.

Use and influence of science

o Identify an issue that plants face as a result of
human interference.

@ Describe how our knowledge of plants can help us to
grow them.

e Identify the environmental considerations involved
when plants are removed from an area to make space
for new housing.

Communicating 0. 245

o Identify some features used to classify plants. Use the
correct scientific terminology.

9 a Inyour local area, identify a fern, a gymnosperm
and an angiosperm.
b Construct a table that shows how each plant is
classified, based on its features.

e Select one of your plants from Question 2. Create a
poster containing information about its classification.
See page 251 of the Science how-to section for help
with constructing your poster.

Key idea: Patterns, order and organisation

Consider the classification systems you have looked at
so far. How are they related? Explain how the features of
plants and animals allow them to be sorted using these
classification systems.

Success criteria

« |canclassify a variety of plants based on some
of their features.

Classification 41




-’/ » Adaptation of living things

Learning intention
At the end of this lesson, | will be able to

describe the different types of adaptations
and how they help organisms to survive.

Key terms

adaptation: a characteristic that an

organism is born with that helps it to survive & ' i

in its environment 7 ' P > 4 Figure 2.20: Wombats
. ; have behavioural

adaptations that help

them to survive in their

Australian habitat.

ecosystem: acommunity of living things
interacting with one another and the
non-living things in their environment

habitat: the place where an animal or a plant
naturally lives

The characteristics that make organisms able to
Investigating structural adaptations, p. 293 survive in their environments are called adaptations.
Adaptations can be structural, physiological

Investigation 2.7

Key idea: Patterns, order and organisation .
_, or behavioural.

Behavioural adaptations are something
animals do

A behavioural adaptation is any behaviour that organisms exhibit that
helps them to survive in their habitat. For example, a single organism
collecting specific objects to build a habitat is a behavioural adaptation.
A group of organisms choosing to live together is also a behavioural
adaptation that helps them to survive.

In the Australian environment, many organisms display behavioural
adaptations. For example, when a wombat is being chased, it runs towards
its burrow and then stops suddenly. The predator runs into its back end,
damaging its jaw on the wombat’s reinforced tailbone.

Physiological adaptations are processes
in the body

Physiological adaptations are processes and functions that help
organisms to survive. They are triggered in response to the environment.

For example, pregnant female kangaroos can ‘pause’ the development
of their joey if food is scarce. When food is plentiful again, the pregnancy
continues. This reaction is controlled by hormones, and is not a conscious waxy, toxic leaves of eucalyptus
choice of the kangaroo, but it does improve the survival rates of joeys. trees without getting sick.

Figure 2.21: The digestive systems
of koalas allow them to eat the
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Structural adaptations are
physical features of an organism

A structural adaptation is any physical feature of an
organism that helps it to survive in its environment.
Physical features include tissue, organs, and any
visible features such as tails, bodies and claws.

Figure 2.22: Platypuses have a
structural adaptation - their thick,
For example, the thick, brown fur that covers waterproof fur - that helps them

most of a platypus’s body is waterproof and insulates to survive in cold water.
against the cold, which allows these animals to hunt
for food in cold rivers.

Organism Adaptation Type Benefit
Australian organisms Eucalyptus Leaves are coated in a waxy = Structural Helps the tree survive
tree substance that helps them during droughts and
are ada pted to to retain moisture in environments with
their environments lttle water
. . Koala Digestive systems allow Physiological = Provides a food source
Adaptations can be seen clearly in them to eat waxy, poisonous that other living things
many Australian ecosystems, such eucalyptus leaves are not competing for
as bushland areas (see Table 2.5). Musk Nests in eucalyptus trees Behavioural  Provides a safe place
. lorikeet to produce and raise
Table 2.5: Examples of how Australian » their young

organisms are adapted to their environments

Learning Ladder

Classification

o For each of the following organisms, identify one

structural adaptation that helps it to survive in its Questioning and predicting p.222
Australian habitat. € From the following questions, identify the most
a Platypus b Wombat ¢ Koala  d Echidna appropriate one for investigating the structural
@ dentify three features of the wombat that would help adaptations of tropical birds.
you to classify it. Explain why you chose each feature. A How do the structural adaptations of tropical birds

help them to survive in a rainforest habitat?
B What features are common to all tropical birds?
C How does rainfall affect tropical birds’ flight patterns?

9 Explain how two of the structural adaptations you
identified in Question 1 help the organism to survive.

0 Look at Figures 2.21 and 2.22. Discuss how the
differences in the feet of the koala and the platypus help
them to adapt to their environments.

e If a specific animal catches and feeds on insects, predict
three structural adaptations you expect it to have.

9 Construct a scientific question for investigating the
impact of one of the adaptations you identified in
Question 2. Relate this adaptation to a specific organism
that you know has this feature.

Nature and development of science

o Identify two problems that the adaptations of organisms
help to solve.

@ Describe how scientists from different branches may Key idea: Patterns, order and organisation
collaborate to observe adaptations of the platypus.

Humans also have behavioural, physiological and structural
adaptations. Propose two characteristics of humans that fall
into each category. Justify each classification.

€ Explain how making a range of observations about
an animal you have identified could help scientists
better understand it.

o Propose and explain how animal adaptations may have Success criteria

influenced the use of classification tools. . . )
- lcandescribe the three different types of adaptations.

e Analyse how adaptations can be interpreted differently

by people with different scientific worldviews. - | candescribe how these adaptations help organisms

to survive.
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8 > First Nations Peoples’' systems
of classification

) First Nations classification systems are based

4 .. .
Learning intention )
on a deep understanding and vast knowledge

At the end of this lesson, | will be able to explain

some of the ways Aboriginal and Torres Strait of living things.

Islander Peoples classify plants and animals.

Key terms First Nations classification systems
Ancestors: the people we are descended from are com pleX webs

spirits: the supernatural beings that many The systems used by Aboriginal and Torres Strait Islander
First Nations Peoples believe exist; can be

associated with particular places, objects Peoples to group objects and organisms consider many

and rituals; are often connected with factors (see Table 2.6).
Dreaming stories

Figure 2.23: Canoe
trees like this one
all have large trunks
and thick bark.

Key idea: Patterns, order and organisation

Table 2.6: Some of the factors Aboriginal
and Torres Strait Islander Peoples use to
classify objects and living things

Living or non-living Edible or non-edible
The organism'’s age The organism'’s size
Venomous or The organism's sex

non-venomous

Status of the organism = The object or organism's

(e.g. within its herd) observable features

Where the organism Which stage of its breeding
lives (e.g. coastal cycle the organism is in

or inland)

The value of the Use of the organism when alive
object or the organism = and when dead (e.g. as food,
to a First Nations medicine, tools, clothing)
community

Plants and animals are
sorted by their use

One way First Nations Peoples

group living things is by how they

are are used. For example, some

trees (including swamp she-oaks,
stringybarks and mulga trees) are
classified as ‘canoe trees’ because
First Nations Peoples made canoes by
removing the bark from these trees.
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The Dhuwa and Yirritja
classification system divides
the universe into two halves

The Dhuwa and Yirritja classification system is
fundamental to the culture of the Yolnu People,

Dhuwa

Kingfisher

Water goanna

Black

Stringybark tree cockatoo

who live in north-east Arnhem Land. In this system,
everythingin the universe is classified as either
Dhuwa or Yirritja: the seasons, individuals, animals,
plants, areas of land, waterways, clouds, spirits,
Ancestors and winds.

Yirritja
Red-winged Stingray

parrot — e

i

White cockatoo

Cycad palm

4 Figure 2.24: The Yolnu People classify everything as either Dhuwa or Yirritja.

Learning Ladder

Classification

o Examine Table 2.6. List the observable features of living
things that have been used as criteria for classification.

e Examine Figure 2.24. Classify the organisms pictured in
this figure based on the criteria in Table 2.6.

9 Identify the two categories Yolngu People use to classify
objects and organisms.

Nature and development of science

o Identify a problem that the classification of canoe trees
can help to solve.

9 Refer again to Table 2.6. Suggest how First Nations
Peoples use classification in multiple different ways.

Communicating p. 245

o Refer again to Figure 2.24. Use scientific terminology to
describe two organisms that are:
a Dhuwa. b Yirritja.

e Describe the differences between the Linnaean and
First Nations classification systems.

9 Create a digital presentation of the organisms you
identified in Question 1.

o Discuss how using digital simulations to display ideas
to your audience could improve your presentation from
Question 3.

e Adapt your presentation from Question 3 into a puppet
show for kindergarten students.

Key idea: Patterns, order and organisation

Refer again to Table 2.6. Outline how the characteristics
used to classify living things in the First Nations and Western
science classification systems are different or the same.

Success criteria

- | can explain some of the ways Aboriginal and Torres Strait
Islander Peoples classify plants and animals.
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Figure 2.25:

The scientific name
of the quokka is
Setonix brachyurus.

Learning intention

At the end of this lesson, | will be able to
understand why it isimportant to use
classification to understand the world
around me.

Key term

nocturnal: active during the night

It is important to be able to use classification systems
to organise the world around us. We can apply these
systems to all living things. For example, the quokka —
a nocturnal Australion animal — can be organised into
the categories of the Linnaean classification system.

Key idea: Patterns, order and
organisation

Why is a quokka classified as a living thing?

We saw in Section 1.1 that organisms must have seven biological
characteristics to be considered ‘living’ by scientists. The quokka
has all seven of these features (see Table 2.7).

Table 2.7: Characteristics of quokkas that classify them as living things

Biological characteristic

Growth

Movement

Nutrition

Reproduction

Response to stimuli

Respiration

Waste removal
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Description

The organism gets bigger
and develops over time.

The organism can move part
or all of itself.

The organism takes in
nutrients.

The organism can produce
offspring.

The organism can respond to
changes in the environment.

The organism can convert
nutrients into energy.

The organism can get rid
of waste products.

Quokka behaviours and features

A baby quokka is the size of a bean and weighs around 35 grams;
adult quokkas weigh between 2.5 and 5 kilograms and their
bodies are around 40-54 centimetres long.

Quokkas run and hop along the ground using their large hind legs
and long tails.

Quokkas take in nutrients by eating plants, such as native
grasses, leaves and berries.

Quokkas give birth to live young.

Quokkas shelter in dense vegetation during the day when it is hot,
and are active at night when it is cooler.

Quokkas are made of cells; cells use respiration to transform
into energy the nutrients in the plants that quokkas eat.

Quokkas get rid of both urine and faeces.



How do we classify the quokka?

The species of the quokka can be classified using the
Linnaean system of classification (see Table 2.8).

Table 2.8: Classification of the quokka in the Linnaean system

Classification Quokka Description

level classification

Domain Eukaryota Organisms with
specialised cells

Kingdom Animalia Animals

Phylum Chordata Animals with a cord
along their back

Class Mammalia Mammals: have hair
and live young

Order Diprotodontia =~ Marsupials:
have a pouch

Family Macropodidae = Macropods: have large
hind legs and long tails

Genus Setonix Specific to the

. quokka only
Species brachyurus

Therefore, the full scientific name of the quokka
is Setonix brachyurus.

Why is classification important?

Classification systems enable scientists to
communicate to others their understanding of the
world and help us to see the patternsin the living
things around us. The criteria for classifying living
things and the Linnaean system of classification
can be applied to anything you see or know of.

Figure 2.26: The quokkais
a herbivore, which means
it eats plants to obtain
nutrients such

as glucose.

Learning Ladder

Classification

o Identify two physical features of macropods.

9 Identify the seven biological characteristics of all
living things used in classification.

e Quokkas are closely related to kangaroos and
wallabies. Explain why this is the case, using terms
from the Linnaean system of classification.

e Consider the photos of the quokka. Identify a similar
organism, and compare and contrast its features with
those of the quokka.

© The quokka was first described by Western scientists
as ‘akind of rat as big as a common cat’. Does this
match the current classification of the quokka? Analyse
what has changed since this statement was made.

Use and influence of science

€ Identify an issue we would face if we could not
categorise organisms in the world around us.

9 Describe how knowledge of classification can be
useful in countries like Australia, which has many
dangerous and venomous creatures.

9 Explain an environmental consideration that
classifying species assists with. (Hint: How can
we protect species?)

O There are several policies relating to the quokkas
of Rottnest Island. Use secondary research to identify
and discuss the impact of two of these policies.

e Elaborate on your response to Question 4 by
considering different perspectives or worldviews
that might have contributed to the development
of each policy.

Communicating . 245

@ identify three scientific terms used when listing the
seven biological characteristics of living things.

9 Describe a way you could communicate information
about the diet of the quokka.

e Create a poster that provides information about
the quokka. Highlight the features that justify its
classification as a living thing.

e Construct a digital flowchart that shows the
classification of the quokka.

e Select a plant or animal from your local area. Use the
Linnaean system of classification to classify it, from
domain to species.

Success criteria
| candescribe why classification systems are important.

- | can use classification systems to identify patterns
and to organise the world around me.
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» Summary

Allliving things are made of R R

cells and share biological level Classification for brush-tailed rock wallaby
characteristics: they can grow,
move, reproduce, respond Domain Eukaryota (organisms with specialised cells)
to stimuli, take in nutrients, 5
convert nutrients to energy Kingdom g Animalia (animals)
and excrete waste. &
>
Phylum E Chordata (animals with a cord along their back)
Class Mammalia (mammals)
(animals with hair and live young)
Order Marsupialia (marsupials) (animals with a pouch)
Macropodidae (macropods)
Family o (animals with large hind legs and long tails,
5'5 e.g. wallabies, kangaroos, pademelons)
&
Genus > Petrogale (rock wallabies)
o
>
Species Petrogale penicillata (brush-tailed rock wallaby)

In biology, taxonomists use the Linnaean Classification keys - including
system of classification to sortliving things  dichotomous and branching keys -
from domain (broad) to species (specific). canbe used to sort organisms by
An animal’s full scientific nameisits genus  their specific features.

Protists and species names together.

Animals have many adaptations, including
structural features, that can help in classifying
them into groups. These features also help them to
survive, like the water-resistant fur of the platypus.
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Dhuwa

Kingfisher

First Nations Peoples use
complex classification
systems, which caninclude
many factors such as the
age and location of living
things and their value to
specific communities.

Animals can be classified as vertebrates (have
a backbone) or invertebrates (no backbone).
Most invertebrates have a hard protective
exoskeleton (for example, insects).

Plants can be classified as
tracheophytes (vasuclar) or
bryophytes (non-vascular).
Tracheophytes can be further
divided into those that produce
seeds and those that do not.

Allangiosperms (flowering
plants) produce seeds.

Water goanna

Yirritja

Stingray

Red-winged

parrot
2

-

Black

cockatoo White cockatoo

Bird, earthworm, lizard, cat
Bones No bones

Bird, lizard, cat Earthworm

Feathers No feathers
Bird Lizard, cat
Fur No fur
Cat Lizard

Objects and organisms can be categorised using
dichotomous keys and branching keys, which help
to group things based on their similarities.

Key idea: Patterns,

order and organisation

Our understandingand
use of classification
can be applied toall
living things, in order to
organise the patterns
we observe and to
better understand
the world around us.
\_
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Figure 2.27: In 2024, scientists confirmed they Iad foundy
two new species of the delicatemouse in Australia.

Classification

Nature and development
of science

Use and influence
of science

Questioning
and predicting

Planning and conducting

Communicating
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1

Identify three features of the delicate
mouse in Figure 2.27.

Identify one problem with studying
animals such as the delicate mouse.
Propose a solution to this problem.

Climate change is a socio-scientific
issue. Identify one way it may impact
the delicate mouse.

‘How does the amount of yearly
rainfall affect the population size of
the delicate mouse?’ Is this a scientific
question? Why or why not?

Identify a piece of equipment
that scientists have used to help
them classify the new species of
delicate mouse.

Identify two scientific terms used to
describe the delicate mouse.

2

Describe how these features may help
to classify this mouse.

Identify three different types of
scientists who might be involved in
studying the delicate mouse. Why is
each one important?

Describe how our knowledge of climate
change may affect the habitat of the
delicate mouse.

Use the images of the delicate mouse
to predict the colours of its habitat.
Consider that it would need to be able
to hide from desert predators.

Describe three safety practices
required when conducting field work
in the desert to observe the delicate
mouse.

Describe a way you could communicate
information about the habitats and
distribution of the delicate mouse
species to other scientists.

AT ':“",-;, ]
Figure 2.28: Scientists conduct field workto = 5 {
help them find and classify new species of : 7~:::"
many organisms, such as the delicate mouse. = g
3% i A

N




Demonstrate your understanding

(o) (5 2

(3)

Explain how classification
conventions can be used to
distinctly organise the three
species of delicate mouse.

Explain how evidence gathered by
scientists allowed them to change the
classification of the delicate mouse.

Explain the ethical and environmental
considerations associated with using
new technologies to address the
issue of climate change.

Construct a question that could be
used for the investigation described
in step 5 of the ‘Planning and
conducting’ questions.

Identify the independent and
dependent variables of the scientists’
study. Propose three variables that
should be controlled.

Use secondary sources to construct
a poster to communicate this
information from step 2.

D

Compare and contrast the features
of the delicate mouse to those of
another organism that lives in the
Australian desert.

Discuss how our understanding of
classification may have developed
over time, as scientists gained access
to new technologies.

Discuss the impact a worldwide

response to climate change would have,

using the habitat of the delicate mouse
asan example.

Use your question from step 3 to develop
a hypothesis, including the independent

and dependent variables.

Propose a way that scientists could
ensure they collect precise data about
the delicate mouse, such as its size
and habitat.

Explain how you could digitally present
data on the genetics of the different
species of delicate mouse.

B i I

‘ G Figure 2.29: Many special laboratory .

technologies allow scientists to study
and map the genetics of animals,
which helps in classifying them.

Analyse how using technologies has
allowed scientists to change the
classification of these species of mice.

Analyse how the different
understandings of the scientists you
identified in step 2 allowed us to develop
new knowledge.

Analyse how our communication of
climate change has impacted society’s
view of it. How will this affect species that
live in the desert?

Evaluate your question and prediction
from steps 3 and 4 for their scientific
validity. Refer to the Science how-to
section on page 225 if you need help.

Design a first-hand investigation to
record the average mass of each
delicate mouse species, considering
animal ethics.

Edit your poster from step 3into a
written presentation that could be used
to teach Year 5 students about the
delicate mouse.

New Australian mice scamper
around Australian deserts

In February 2024, Australian scientists
confirmed they had found two new
species of native mice in the Australian
desert. These mice are types of

the ‘delicate mouse’. While it has
previously been thought there was
only one species of this Australian
marsupial, scientists have now
confirmed that there are at least three
distinct species that inhabit different
parts of the Australian desert. The
scientific names of these species are:
Pseudomys delicatulus, Pseudomys
pilbarensis and Pseudomys mimulus.
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() Ecosystems

An ecosystem is a biological community of living things such as
plants and animals, and of non-living things such as air and water.
Food chains and webs can show how living things interact,

based on a variety of forms and functions.

Many people struggle to share their home with spiders, but killing
them can have a big impact on an ecosystem. Spiders eat insects
and pests that might otherwise damage natural plant environments

and ruin crops. They are also a food source for animals such as birds,

so removing them from an ecosystem can be devastating.

Stepsin
progression

Ladder

| can analyse how ecosystems
respond to internal and
external changes

| can interpret and predict
the effects of environmental
changes on ecosystems

| can represent
flows of matter and
energy in ecosystems

| can describe relationships
between a variety of organisms

| can identify features
of an ecosystem

Biological science:
Ecosystems

Science understanding

The Learning Ladder for each chapter maps the Science Understanding,
Science as a Human Endeavour and Science Inquiry strands that will be covered.
Each ladder has five levels of progression, called steps. To climb the ladders,

you need to develop fluency at each step. This will help you develop the ability

to complete tasks that are more complex.

| can analyse how people with
different perspectives and
worldviews collaborate to

develop scientific knowledge

| can discuss how
models and theories have
developed over time

| can explain how new evidence
can lead to changes in
scientific knowledge

| can describe the importance
of multidisciplinary
collaboration in science

| can recognise
scientific problems
and solutions

Nature and development
of science

| can analyse how the communication
of scientific knowledge shapes
viewpoints, policies and regulations

| can discuss the impact
of responses to
socio-scientific issues

| can explain examples of ethical,
environmental, social and/or economic
impacts of scientific advances

| can describe how
scientific knowledge
can affect society

| can identify
socio-scientific issues

Use and influence
of science

Science as a human endeavour
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| can analyse processed
data for patterns, trends,
relationships and anomalies

| can identify and discuss trends
and/or patterns in a range of
dataset representations

| can process data by using
mathematical relationships
and/or constructing graphs

| can organise and display
data using tables,
keys and/or models

| can identify data
from tables and graphs

Processing, modelling
and analysing

| can evaluate conclusions and
claims with reference to conflicting
evidence and unanswered questions

| can create evidence-based
arguments to justify conclusions
or evaluate claims

| can use science-based
explanations to support
investigation findings

| can describe
different types of errors in
an investigation method

| can identify errors
and assumptions
in an investigation

Evaluating

Science inquiry

Figure 3.1: Organisms must
interact in order to survive in
shared habitats and ecosystems.

| can communicate scientific findings

and arguments for specific
purposes to specific audiences

| can use digital technologies
to organise and communicate
data and information

| can prepare a variety of
representations to communicate
ideas and findings

| can select appropriate formats
to communicate ideas and findings

| can identify
scientific terminology used to
communicate information

Communicating

Ecosystems

Stepsin
progression

53



1 > Ecosystem basics

-
Learning intention

At the end of this lesson, | will be able

An ecosystem is an area that contains living and non-living
things and their environment. Ecosystems can be very small,

to distinguish between ecosystems,
communities and habitats, and
between biotic and abiotic factors.

Key terms

abiotic: non-living

consumer: an organism that gains
energy by consuming other living
organisms

decomposer: an organism that breaks
down and recycles decaying matter

ecosystem: acommunity of living
things interacting with one another
and the non-living things in their
environment

habitat: the place where an animal
or a plant naturally lives

producer: an organism that makes its
own food using energy from the Sun

Investigation 3.1

Identifying community members
in a terrestrial ecosystem, p. 294

Key idea: Form and function

PN

biotic: living

community: a naturally occurring

group of animals, plants and other -
organisms Solar radiation

such as a pond, or very large, such as anisland.

Ecosystem

Habitat

Figure 3.2: An ecosystem is an area that contains
living and non-living things and their environment.

Communities are made up
of different species

A community is made up of populations of all

the different species that live in the ecosystem.

All organisms within a community depend on each
other for energy, nutrients and survival. Producers
convert the energy from the Sun into chemical energy

54 Good Science 7

that can then be used by other organisms. Consumers
obtain their energy by eating other organisms.

Decomposers, such as bacteria and fungi, recycle
the nutrients from dead organisms and make them
available to other species in the ecosystem.

The living things in an ecosystem are referred to
as biotic factors. The non-living things, such as soil
and water, are known as abiotic factors.



A habitat contains living
and non-living factors

A habitat is the natural environment where a species

or an organism lives. A habitat must supply food and
water, shelter and protection, and mates to reproduce
with. Every species needs specific conditions in a habitat;
a koala and a polar bear would not live in the same place
because they have different requirements.

Habitats can change over time. This might be due to
naturally occurring events, such as a volcanic eruption,
or to human causes, such as climate change or land
clearing. The introduction of a new, non-native species
can also affect native habitats and the organisms living
there. These factors will be explored in more depth later
in the chapter.

Each organism has an
ecological niche

Each organism has a particular role within the ecosystem;
thisisits ecological niche. An organism’s niche includes
the interactions it has with other organisms, the type

of food it eats, where it lives and how it reproduces.
Only one organism can fill a specific niche in an
ecosystem. Many different species can co-exist within
an ecosystem if no two species have the same niche.
Cape May
warbler feeds
at the tips

of branches

near the top
of the tree

Bay-breasted
warbler feeds
in the middle
part of the tree

e Yellow-rumped warbler
a ' feeds in the lower part
Figure 3.3: Feeding zones of warblers. of the tree and at the
Each warbler species occupies a different  bases of the middle
niche. The birds feed in different parts branches

of the spruce tree, so they are not

competing with each other for food.

Introduced species cause problems if they take
over a niche and out-compete the native animals. If an
organism disappears from an ecosystem, there will
be flow-on effects throughout the entire community.
For example, if a pollinator disappears, plants cannot
reproduce. This limits the amount of food available to
the herbivores and, in turn, to the carnivores.

Learning Ladder

Ecosystems

o Outline the general components of an ecosystem.

9 Copy and complete.
A community is made up of of all the
different that live in the ecosystem.
All organisms within a community
on each other for , and
. Each organism maintains its ecological
niche within its specific

Nature and development of science

o Propose a problem that would arise if only
biotic factors were found in ecosystems.

e Biology is the study of living things, and geology
is the study of rocks. Copy and complete.
Biologists focus on the factorsinan
ecosystem, while geologists focus on
factors.

e Explain how evidence about what organisms
eat helps in classifying them as producers,
consumers or decomposers.

Communicating . 245

@ Classify the following as either biotic or abiotic: trees,
wind, birds, sunlight, rain, insects, rocks, soil, flowers.

e Construct a visual way (such as a chart)
to communicate the abiotic and biotic factors
listed in Question 1.

e Construct a digital diagram of a habitat. Label
and describe all its parts, including biotic
and abiotic factors.

o Expand your digital diagram from Question 3 into
an informative slide presentation.

© Adapt your presentation from Question 4 into a
comic strip suitable for Grade 3 students to read
independently.

Key idea: Form and function

Choose a wild animal and describe its habitat. Outline
the structural features that form its body. Propose how
these features might be related to its habitat, function
and survival.

Success criteria

| can distinguish between ecosystems,
communities and habitats.

| can classify factors as biotic or abiotic.

| can describe the difference between a habitat
and aniche.
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2 > Interactions between organisms

/
Learning intention

At the end of this lesson, | will be able to
describe the different ways organisms
interact in an ecosystem and keep it

in balance.

Key terms

adaptation: a characteristic that an
organism is born with that helps it to

survive in its environment Interaction

parasite: an organism that lives in or
on another organism, causing it harm

Mutualism

pollinator: an organism that transfers
pollen from the male part of a plant to
the female part

Commensalism

predator: an organism that kills

Competition
and feeds on prey

prey: an organism that is killed by

a predator Predator-prey

Key idea: Form and function
J Parasitism

Competitors compete
for resources

Competition often happens when organisms need
the same limited resource (such as food) in the same
ecosystem. Competitors can be different species

or members of the same species. Depending on the
amount of food available, organisms may be harmed,
may starve or may have to find a new food source.
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Figure 3.4: Predators kill and feed on their prey.

Table 3.1: Ecological relationships

Effects on the population

The interaction is beneficial
to both species.

One species benefits and the
other species is unaffected.

Both species are negatively
affected because they
compete for resources.

The predator benefits and the
prey is harmed or killed.

The parasite benefits and the
host is harmed.

A There is more to interactions in an ecosystem than just
who eats whom. Interactions between organisms can be
helpful, such as the interaction between bees and flowers,
or harmful, such as the interaction between a parasite and
its host. Table 3.1 describes some ecological relationships.

Example

A cassowary eating the fruit
of plants and distributing the
seeds in its dung

A staghorn fern growing
on the branch of a tree

Sugar gliders competing
with superb parrots for
nesting hollows

A bronze whaler shark eating
sardines

Mistletoe taking nutrients
from a host tree

Some members of the same species will even compete
for a mate;itis all part of trying to survive and thrive.

Plants also compete for resources, but not in the
same way as animals. Plants compete for space, light,
water and nutrients, which are the things they need
to produce energy. Some plants will grow and survive,

while others will die.



Predators and prey keep each
other in balance

Predators are organisms that kill and feed on other
organisms: their prey. For example, a fox is a predator
and its prey is a rabbit. Predator—prey relationships
might seem ruthless, but their interactions play
acrucial role in an ecosystem: they stabilise the
numbers of prey organisms. If the numbers of prey
increase, then numbers of predators will increase,
which keeps the predator—prey ratio balanced.
Predators have some special adaptations that
enable them to catch their prey, such as good vision
or hearing, sharp claws or teeth, and strong jaws.

Parasites are a type of predator that live on (orin)
another organism where they feed on
food that has already been digested
by the host. Parasites are usually
much smaller than their prey
and harm the other organism
without killing it. For example,
the hookworm lives in the
intestines of its human host
where it feeds on nutrients
from digested food.

4 Figure 3.5: Parasites live on (or inside) their host organism.
The parasitic isopod Cymothoa exigua attaches to a fish's
tongue, eventually replacing it with its own body!

Pollinators and plants help
each other

Flowering plants have female and male sex organs.
For fertilisation to occur, they need a pollinator.

A pollinator transfers pollen from the male sex organ
of plants to the female sex organ.

Bees are important pollinators: without bees,
a lot of plant life would cease to exist. The interaction
is beneficial for the plant, which is able to reproduce,
and for the bee, which gets to take a meal of nectar
back toits colony. Birds, some lizards and even
monkeys can also be pollinators.

Figure 3.6:
Bees as pollinators
enable plants
to reproduce.

Learning Ladder

Ecosystems

o Brainstorm and list as many different predator-prey
relationships as you can think of.

e Competition occurs in every ecosystem.
a Define ‘competition’ in your own words.
b Outline some resources that plants and animals
compete for.

e Explain, using an example, how predators and prey
keep each other in balance.

Nature and development of science

o Predator—prey relationships are difficult for scientists
to observe. Propose a solution to this problem.

e Describe a predator-prey scenario that would
require different types of scientists to collaborate
in conducting an appropriate analysis.

e A parasite is observed feeding on spinach leaves.
Propose how this observation might change our
understanding of a parasite.

O The meanings of the interactions listed in Table 31
have developed over time. Conduct a search to see
if you can find outdated or contradictory theories
about ecological relationships.

e Analyse and discuss the different scientific
perspectives that emerged in your research
for Question 4.

Processing, modelling and analysing  p.230

o Use Table 3.1 to classify the following interactions.
a Bandicoots feed on insects in your backyard.
b Dung beetles feed on kangaroo dung. The
kangaroos are unaffected.
¢ Atick sucks blood from a wallaby.
d A cleaner shrimp removes parasites
from a sea turtle.

9 Construct a table to organise the brainstorm you
conducted for Question 1under ‘Ecosystems’ above.

Key idea: Form and function

There has been a worldwide decline in the number

of bees. Consider their form and function and propose
why you think this is occurring. Suggest what could be
done to protect and increase bee populations.

Success criteria

- | candescribe the different ways organisms interact
in an ecosystem.

| can describe how interactions, including the role
of pollination, keep ecosystems in balance.
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3 » Abiotic factors in ecosystems

-
Learning intention

At the end of this lesson, | will be able
to discuss abiotic components of
the environment and their impact
on ecosystems.

Key term

zone of tolerance: the range of an
abiotic factor that an organism can
survive in

Investigation 3.3

Measuring abiotic factors, p. 295

Key idea: Form and function

Figure 3.7: Structural, behavioural
and physiological adaptations
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Factors such as water availability, soil type, temperature
and the availability of nutrients affect what organisms will
live in an ecosystem. Changes in the normal level of abiotic
factors also affect the rest of the ecosystem.

Abiotic factors affect what can live in
an ecosystem

Abiotic factors are chemical and physical factors within an ecosystem.
They include:

rainfall and water availability

soil type

temperature

pH of soil or water

sunlight

nutrient availability in soil or water

gas (oxygen and carbon dioxide) availability

salinity (saltiness) of soil or water.
The abiotic factors in an ecosystem affect what can live there. For example,
the amount of sunlight, nutrients and water determines the types of
plants that live in an ecosystem. This, in turn, affects which consumers
can live there.

Organisms have adaptations
to abiotic factors

Organisms have evolved adaptations to help them
survive in their environment (see Figure 3.7). The
adaptations can be:
structural: a feature of an organism’s body;
for example, the sharp claws of a koala help
it to climb trees to reach its food source
behavioural: the way an organism responds
to its environment; for example, the huddling
of emperor penguins to stay warm
physiological: a process inside an organism’s body;
for example, a camel’s ability to retain water by
producing low volumes of urine.

Organisms can still only tolerate specific levels

of each abiotic factor. If the level of an abiotic factor
moves out of this zone of tolerance, the organism
will not survive.




Coral bleaching is caused by
abiotic factors

Coral bleaching is an example of what happens when
abiotic factors move out of the zone of tolerance.

Corals live in a mutual relationship with algae
called zooxanthellae. The algae live inside the
structure of the coral. The coral provides the algae
with a home, and the algae photosynthesise and
provide the coral with 90 per cent of its energy
requirements. The algae are also responsible
for the coral’s colour.

If water temperature or pollution levels exceed
the coral’s zone of tolerance, the coral expels the
algae and becomes bleached. If temperatures and
pollution levels return to normal, the coral allows the
algae toreturn, and it recovers. If the levels remain
too high for too long, then the coral dies.

The optimum water temperature range for most
reef-building corals is 20-32 °C, although different
species have their own zones of tolerance. Increasing
temperatures in Australian waters have led to coral
bleaching all along the Great Barrier Reef.

Figure 3.8: A marine biologist measures bleached coral.

Learning Ladder

Ecosystems

o List five abiotic factors you observed in an ecosystem
you visited recently.

e Describe three abiotic factors that are important
fora:
a bird.
b saltwater fish.

e Construct a Venn diagram to display the differences
between biotic and abiotic factors. Include examples.

O Discuss, using a specific example, what is meant
by an organism'’s tolerance level to an abiotic factor.

e Predict ways that a kangaroo might adapt if:
a pollution causes the salinity level of a freshwater
pond to increase.
b the summer months become drier and hotter.
¢ grazing paddocks are cleared for development.

Use and influence of science

Identify a specific environmental, economic or social
issue that could threaten ecosystems.

o Outline the issue and describe the threat it creates.

@ Describe how scientific knowledge could address
the issue outlined in Question 1.

e Explain how the issue outlined in Question Timpacts
scientific advances.

Evaluating p.239

Consider Investigation 3.3, ‘Measuring abiotic factors’

(page 295). Read the aim, materials and method.

o Identify one assumption this investigation makes.

9 Identify and describe two different types of errors
that could affect the results. Classify each as either
an error in the method or a mistake that can be
avoided.

Key idea: Form and function

Conduct research to compare the abiotic factors

in the Daintree Rainforest (Queensland) and the
Simpson Desert (Central Australia). Find out about
rainfall (water availability), temperature range and
nutrient availability in the soil in these locations.

How do these factors influence how organisms function
in these ecosystems?

Success criteria
- |l canidentify at least three examples of abiotic factors.

« | canexplain how abiotic factors can determine what
organisms live in an ecosystem.
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4 » Matter flows through ecosystems

Learning intention

At the end of this lesson, | will be able to
explain the process and importance of
how matter flows through ecosystems.

Key terms

atmospheric nitrogen: nitrogen in
the atmosphere
mutualism: a relationship

between two organisms in which
both organisms benefit

4 )

Key idea: Form and function

Figure 3.9: Soybean roots contain
nodules of bacteria that take in nitrogen
from the soil.

Figure 3.10: Mushrooms are a type

of fungi that help other plants share
nutrients by cycling matter through
ecosystems.
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Matter cannot be created or destroyed. Matter cycles
through different parts of ecosystems, including the
atmosphere, soil and organisms. The atoms that make up
your body were once part of the air you breathed and the
food you ate. The atoms in a steak came from the plants
that the cow ate, and before that from the carbon dioxide,
water and nutrients in the plants.

Nitrogen is an important element for life

Nitrogen (N) is an important element that cycles through ecosystems.
Nitrogen is in amino acids, the building blocks of proteins, which are
essential for all life. Nitrogen is the most abundant element in the
atmosphere, making up approximately 78 per cent of air, where it
mostly exists as molecular nitrogen (N,).

Plants take up inorganic nitrogen (from non-living sources) through
their roots from the soil. In this way, nitrogen enters the biosphere and
cycles through living things.

Nitrogen cycles from the atmosphere

Plants cannot use atmospheric nitrogen. They need to obtain nitrogen
from the soil (through their roots) in the form of nitrate (NO,"). They use
this nitrogen to make amino acids.

Most nitrogen is transformed by different species of nitrogen-fixing
bacteria into forms that plants can use. This usually happens in several
steps, each involving a different species of bacteria. Some of these
bacteria live in the roots of legumes (for example, peas and beans).
This mutualism relationship benefits both the bacteria and the plant.

Herbivores (animals that only eat plants) produce proteins from the
amino acids in the plants they eat. When a herbivore is consumed by a
higher-order predator, the amino acids are then used by the predator.
Decomposers such as bacteria and fungi break down the amino acids
in dead matter, releasing nitrogen back into the soil for reuse by plants.

Other elements also cycle through
ecosystems

Carbon, oxygen, hydrogen and phosphorus also cycle through
ecosystems. All these elements are important for the formation

of molecules that are vital for life. Carbon, oxygen and hydrogen cycle
through ecosystems by means of the processes of photosynthesis
and cellular respiration. They move from inorganic molecules, such as
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Atmospheric nitrogen (N,)

carbon dioxide,
molecular oxygen
(0,) and water, into
organic molecules,
such as glucose and
other carbohydrates,
which are then
passed up through
the food chain.

Consumer

. JE A Denitrifying
Phosphorus plays : 7NN bacteria

an importantrole

in the formation of
DNA. Plants take up
phosphorus from soils
and convertitinto pGiro B i -
molecules that are then bacteria in legume Decomposers Nitrifying
passed up through the root nodules (bacteria and fungi) hecksua
food chain, returning
to the inorganic forms
through excretion
and decomposition.

Nitrification

Ammonium (NH,*) ® Nitrites (NO,")

Figure 3.11: The nitrogen »
cycle is crucial for plants
to grow.

Nitrogen-fixing Nitrifying
bacteria in soil bacteria

Learning Ladder

Ecosystems e Construct a series of comic strips to outline the main

. . . steps of the nitrogen cycle as shown in Figure 3.11.
o Identify the two types of organisms that are important

for the nitrogen cycle. Suggest what role they each play. 0 Prepare a digital poster based on Figure 3.11, annotated

. . with additional information about the nitrogen cycle.
9 Summarise the stages of the nitrogen cycle,

using Figure 311 to assist you. e Share your digital poster with a classmate. Discuss the

similarities and differences between your poster and
theirs. Identify which poster would be most suitable
for an adult audience.

e Explain what is meant by a ‘matter cycle’. Use specific
diagrams and examples in your response.

Use and influence of science Key idea: Form and function

o Consider an ecosystem that becomes too cold
for bacteria to survive. Propose whether this is an
environmental, economic or social issue.

Identify and explain a process that allows different forms of

carbon, oxygen and hydrogen to cycle through ecosystems.

Use an annotated diagram to support your explanation.

9 Describe how society might be affected by the scenario
in Question 1. Success criteria

Communicating p. 245 + | can outline a specific example of how matter is cycled
through ecosystems (for example, nitrogen).

€@ Identify and define four scientific terms used in this

section that are not listed as key terms. - lcandiscuss why it isimportant that a variety of elements

) ' ] are cycled through ecosystems.
e Propose why Figure 3.11is a useful way to communicate

ideas about the nitrogen cycle.
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Learning intention

At the end of this lesson, | will be able
to use food webs to model how energy
flows through ecosystems.

Key terms

energy pyramid: a model that shows
the flow of energy from one trophic
level to the next

food chain: a path of energy through
an ecosystem

food web: a system of interlocking
food chains

trophic level: the position
of an organism in a food chain

Investigation 3.5
Algal balls, p. 297

Key idea: Form and function

Wedge-tailed eagle
Fourth-order consumer

T

Eastern brown snake
Third-order consumer

T

Blue-tongued lizard
Second-order consumer

T

Grasshopper
First-order consumer

T

Grass
Producer

o~

Figure 3.12: Each organism in a food
chain provides energy for the next
organism. Organisms can be described
according to their position in the chain.
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All living organisms need energy to grow, repair damage
and reproduce. Energy enters most ecosystems as
solar energy from the Sun and is transferred through
food chains and food webs.

Plants bring energy into ecosystems

Producers convert light energy from the Sun into chemical energy
during photosynthesis. In photosynthesis, plants use light energy to
produce glucose (C,H,,0,) from carbon dioxide (CO,) and water (H,0).

12

Food chains show the path of energy

Food chains are diagrams that show one possible pathway of energy
through an ecosystem. Energy is transferred between organisms

when they eat or are eaten. Food chains always begin with a producer:

a plant or microorganism that can produce energy. Food chains have
arrows between each organism to show the direction that energy moves.
In an Australian grassland ecosystem, a grasshopper gains energy

from grass, so there is an arrow from the grass to the grasshopper

(see Figure 3.12).

The other organisms in the food chain are consumers. Consumers
can be described in terms of the organisms they feed on (see Table 3.2).
The different types of consumers help maintain balance in ecosystems.

Table 3.2: Types of consumers and how they obtain their energy

Consumer Obtains energy by ... Examples

Herbivore feeding on producers Koala, grasshopper

Omnivore feeding on producers and Sea star, most humans
consumers

Carnivore feeding on other consumers Kookaburra, brown snake

Decomposer breaking down dead matter Bacteria, fungi

Food chains interact to form food webs

Organisms are usually part of more than one food chain because
they have more than one food source or get eaten by more than one
consumer. A species needs multiple food sources in case one runs out.

Food webs show all the feeding relationships in an ecosystem.
They show a much bigger picture of the flow of energy and of how each
organism is involved. Food webs also show how organisms are arranged
into different trophic levels. Producers are at the bottom and the
highest-order consumer is at the top. Energy passes from low trophic
levels to the higher trophic levels through consumption.
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Learning Ladder

Ecosystems

o Identify the main source of energy in any ecosystem.
Describe how it enters the first level.

e Describe what arrows in a food chain or web represent.
e Explain how a food web can be used.

0 Select an organism from Figure 3.13. If it were removed,
predict the impact on the other organisms in the food
web. Provide specific reasons.

e Analyse and discuss how ecosystems might respond
to more frequent flooding.

Use and influence of science

€ Identify a social issue related to tourism in local habitats.

e Boat ramps are sometimes closed when seals visit
Port Phillip Bay. Propose a scientific reason for this.

e Propose and explain how extreme weather events might
impact scientists’ ability to investigate food webs.

Processing, modelling and analysing p. 230

o Select an organism from the food web in Figure 3.13.
Identify the food chain or chains to which it belongs.

e a Construct a table to collect information about
the ecosystems in your garden. Include consumers
and producers, where they get their energy, what level
of consumer they may be, and any other facts.
b Propose one food chain for your ecosystem.

e Construct a column graph to represent Figure 3.14.
Show the amount of energy transferred to each trophic
level, assuming the producers begin with 80 000 kJ.
(Hint: Put energy (kJ) on the vertical (y) axis.) See the
Science how-to section on page 272 if you need help.

Key idea: Form and function

If an invasive species were introduced into a food web,
describe the effect on other organisms and the energy flow.

Success criteria
- | canidentify where energy in a food web comes from.

« | candescribe the role of food webs in modelling how energy
flows through an ecosystem.
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Figure 3.15: Algal blooms prevent light from

penetrating to deeper water, which means producers |

Learning intention

At the end of this lesson, | will be able
to describe how ecosystems can be
affected by human impacts.

Key terms

biodiversity: the variety of organisms
in an ecosystem

endangered: at risk of becoming
extinct

extinct: having no living members
of the species; died out

non-biodegradable: does not break
down in the environment

pesticide: a chemical used to kill
insects or other organisms that feed
on plants

threatened: likely to become
endangered in the near future

Key idea: Form and function

igure 3.16: The practice of
overfishing - taking too many fish
from an area - can completely
E remove some species of fish
from food webs and ecosystems.

cannot photosynthesise and support food webs.

Everything within an ecosystem is linked. Therefore, if one
thing changes, so will other things change. Changes can
happen to the biotic factors or the abiotic factors. Many
human activities have dramatic impacts on the feeding
relationships in an ecosystem.

Farming, fossil fuels and plastics can damage
the environment

Pesticides are chemicals farmers use to kill unwanted plants and insects
as away to protect their crops. These chemicals may be passed on to
animals that eat the pests. The chemicals can build up to toxic levels in
the ecosystem and harm organisms (including humans) that consume
the pesticides in their food.

Algal blooms happen when large amounts of nutrients from farms
or industry run off into streams. The algae thrive on the extra nutrients
and grow quickly, forming a bloom that covers the surface of the water.
The bloom prevents light reaching the producers below, which die and
so cannot support the rest of the food chain.

The burning of fossil fuels is a cause of global warming, which has
a big impact on habitat and food sources in food webs. Fossil fuels are
also used to make plastics, which are non-biodegradable. They can
enter food webs when animals accidentally consume them.

Removing or introducing organisms affects
biodiversity

Biodiversity is the variety of species within an ecosystem. In an
ecosystem with high biodiversity, there are more species in a food
web, so there are more food chains and a larger variety of food sources.
Thus, species in a biodiverse ecosystem have more chance of survival
if the environment changes.

Introduced species — such as cane toads and blackberries — often
thrive and take over, reducing biodiversity. In some cases, this has led to
species becoming extinct. The Australian Government is committed to
supporting the recovery of any threatened species.



Keystone species are essential
to ecosystems

A keystone species has an irreplaceable role in its
ecosystem. No other species in its ecosystem can fill
its niche. If a keystone species is removed, the whole
ecosystem can collapse.

Southern cassowaries (Casuarius casuarius
johnsonii) are a keystone species in the
North Queensland tropical rainforest ecosystem.
They eat fruit and then deposit the seeds in their
dung. Without cassowaries, some rainforest plants
could become extinct.

Southern cassowaries are endangered because
of habitat destruction and other human activities.
Recent conservation efforts such as habitat
protection and restoration have helped to reverse
the population decline. However, cassowaries are
still being killed by traffic, dogs and feral pigs.

Figure 3.17 shows the predicted changes to the
population of cassowaries if different conservation
strategies are used. In 2015, the Threatened Species
Strategy was implemented. No clear improvements
were seen in the following three years, but
conservationists are hopeful that the revised
Threatened Species Action Plan (2022-32)
will result in an increase in cassowary numbers.
Increasing the area of rehabilitated rainforests is an
obvious way to increase the cassowary population.
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Figure 3.17: Predicted responses to management scenarios
of the southern cassowary

Learning Ladder

Ecosystems

o List four human activities that affect ecosystems.
@ Describe the effects of algal blooms on food webs.

e Explain why organisms are more likely to survive
in an ecosystem that has high biodiversity.

e Discuss which has higher biodiversity: a tropical
rainforest or a wheat farm. Provide a reason.

Use and influence of science

o Classify the human activities from Question 1under
‘Ecosystems’ above as environmental, ethical, social
or economic issues.

e Select one human activity and describe how learning
more about its scientific impact might affect society.

9 Outline the economic impacts of taking extreme
measures to conserve keystone species.
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Refer to Figure 3.17.

o a ldentify which management strategy has the most
positive effect on the cassowary population.
b What percentage decline in population will be seen
from 2025 to 2045 with no conservation?

e Imagine you know the number of cassowary sightings
by park rangers, residents and tourists in each month
of the past year. Construct a table to organise the data.

6 Compare the three types of conservation efforts.

a How many times more effective are the standard
conservation efforts (blue) than doing nothing
(red)? Use the y-axis for scale.

b How many times more effective are the
rehabilitation efforts (green) than just the standard
efforts (blue)?

o Identify and discuss the trend in the ‘Standard
conservation plus rehabilitation efforts’ data (green).

e Discuss the anomaly seen in the ‘Standard
conservation efforts’ (blue) trend between 2025 to
2035, as compared to the years before and after.

Key idea: Form and function

Choose an aspect of agriculture that has a negative
impact on the form and/or function of ecosystems.
Discuss ways to minimise or compensate for the impact.

Success criteria

« | can propose how human activity can affect
interactions within food webs and chains.

« lcanidentify examples of human activities that impact
natural Australian environments.

Ecosystems 65




« / » Impacts of natural events on ecosystems

( .. ) N ; .
Learning intention Australian ecosystems are ofteh hormed by unpredictable
At the end of this lesson, | will be able to natural events that reduce biodiversity, such as droughts,
describe ways that ecosystems can be floods and bushfires. However, some natural events —

affected by environmental factors.

Key terms

germination: the process in which
previously dormant seeds put out
shoots for new growth

intensity: how much heat is released LOW—intenSity bushfires are hGlprl in
from a fire front some ecosystems

for example, low-intensity bushfires and seasonal
migration — can trigger new growth and cause other
beneficial changes in an ecosystem.

understorey: ground-level vegetation

Bushfires are common natural events in Australia due to the hot,

| eyl EE R el e ) dry summers of many regions. Lightning strikes are the most common
natural cause of bushfires. When lightning hits a dry or dead tree, the
heat of the strike makes the tree catch fire and break apart. Burning wood
—— scatters and ignites other plants. The intensity and duration of a bushfire

Figure 3.18: Lightning strikes &8 depend on the plants in the ecosystem, because they provide the fuel
can cause natural bushfires.

/ needed for the bushfire to burn.

4 Low-intensity bushfires usually do not last very long and do not
destroy many plants. In fact, they can be helpful for some ecosystems
because the fires remove dead or older plants, making more space

for young plants to grow. Fire can even trigger germination in some
plants. The ash from the fire returns some nutrients to the soil,

and the ecosystem recovers relatively quickly. Controlled burns are part
of fire safety, and lighting low-intensity bushfires has been a practice
of First Nations Peoples for thousands of years.

.‘ High-intensity bushfires usually harm
Figure 3.19: Ecosystems arne eCOSYStemS

not able to recover easily after
high-intensity bushfires.

A

High-intensity bushfires damage ecosystems. Tall, thick and
compact grasses and understorey plants provide a large fuel supply,
so high-intensity bushfires are more likely to happen in areas where
there has not been a fire for many years. In this case, there is a large
amount of dry plant material, such as fallen branches and dead trees,
atthe ground layer. This results in high-intensity fires that burn for a
long time and can destroy entire trees and huge numbers of animals.
The loss of plants and animals has a lasting negative impact on the
entire ecosystem.

Technology can help scientists monitor bushfires and learn from
previous fires. The Commonwealth Scientific and Industrial Research
Organisation (CSIRO) has a bushfire research facility in Canberra called
the Pyrotron. There, scientists safely carry out bushfire experiments.
The Pyrotron is a 25-metre-long wind tunnel that uses fuel sources
such as leaves that are set on fire while a fan blows air through
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the tunnel. Sensors and cameras measure how the fire

spreads, while observers watch through fireproof windows.

Computer models can also be used to predict
the movement, intensity and duration of a bushfire.
The CSIRO’s bushfire modelling system, Spark, simulates
a bushfire. It uses the information it receives to predict the
direction, speed and intensity of a bushfire.

Seasonal migration affects
ecosystems

Seasonal migration affects ecosystems by changing

the number of animals in different areas throughout the
year. Animals that migrate move to places where food is
plentiful or where it is easier to mate and reproduce. When
migratory animals arrive in new ecosystems, local animals

might have to compete for food, water or shelter. When the

migratory animals leave, the food chain can be disrupted
because predators or prey might be missing. Migrating
animals also carry nutrients, like seeds or waste, between
ecosystems, helping plants to grow in new places. Events
such as bushfires can destroy habitats, forcing animals
to migrate earlier or to different areas, which can further
disrupt ecosystems and make them less stable.

Figure 3.20:
Dry eucalypt
leaves are being
used as a fuel
source in this
experiment at

. the Pyrotron
in Canberra.

Figure 3.21: Budgerigars migrate in and
around the Australian Outback in response to
seasonal changes in food and water availability.

Learning Ladder

Ecosystems

o Identify at least three types of natural events that cause
changes to living ecosystemes.

e Describe the benefits of low-intensity fires.

e Explain the benefits and drawbacks of seasonal migration.

0 Propose what plant characteristics you would see in
an ecosystem that is prone to low-intensity bushfires.
Discuss ways to promote these characteristics.

e Use the internet to investigate ways that ecosystems
are impacted by and respond to seasonal migration.

Use and influence of science

o Propose the socio-economic issue that is most closely
impacted by:
a low-intensity bushfires.
@ Describe how bushfire research conducted at the CSIRO
affects society.

b high-intensity bushfires.

e Propose and explain how the study of migratory birds
might impact the birds’ environment and therefore pose
ethical issues.

o Discuss the environmental benefits of scientists using
modelling to better understand the behaviour of bushfires.

e Evaluate whether advertisements about the importance of
bushfire plans are linked to the communication of scientific
knowledge based on government viewpoints and policy.

Evaluating p.239

o Propose an assumption scientists make when using
the Pyrotron to simulate bushfires.

e The wind in the Pyrotron tunnel may be less intense than
in nature. Identify this as a random or a systematic error.
Explain your response.

Key idea: Form and function

Propose and discuss an aspect of seasonal migration
that has a negative impact on the form and/or function
of ecosystems. In your response, refer to flow of matter
(form) and energy (function).

Success criteria

- |canname at least three natural events that cause
environmental change to Australian ecosystems.

+ | candescribe changes that could occur in an ecosystem
after a natural event such as a bushfire.
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8 » First Nations Peoples’
management of ecosystems

Before colonisation, First Nations Peoples managed the
landscapes and waterscapes to ensure there was enough
nourishing food for the present and into the future.

-
Learning intention

At the end of this lesson, | will be able
to describe how land management

practices of Aboriginal and Torres .
Strait Islander Peoples can help to Caring for Country and ecosystem health
inform sustainable management

of the environment. For many First Nations Peoples, the concept of caring for Country has

always been a priority and is often central to individual and community
Key terms concepts of Dreaming. For millennia, the scientific knowledges that have
Dreaming: a complex term informed the specific practices of caring for Country have been taught

that describes the ways that th h st dd
Aboriginal and Torres Strait Islander rough story, songanc dance.

Peoples relate to themselves,

each other. and the human and First Nations agriculture

-than-h | . . .
rmore-than-numan reaims Aboriginal farmers farmed Murnong (yam daisy) tubers sustainably

tuber: the rhizome part of a plant,
P P for thousands of years across the south-eastern part of the

which forms underground and

is often nutrient rich Australian continent.
Key idea: Form and function Figure 3.22: The areas where farming and agriculture flourished
- j across the Australian continent before European colonisation.
v

@ Aboriginal grain belt
Wild rice
Black bean (castanospermum australe)
Murnong (microseris lanceolata)
Bl Pituri (duboisia hopwoodii)
Yam (dioscorea hastifolia)
Yam (dioscorea transversa)
*  Yam (dioscorea bulbifera)
o Yam (dioscorea alata)
. Taro (colocasia esculenta)
1} Kimberley rock art
2| @ High Cliffy stone houses
3|8 Roper River
4] @ Madjedbebe
5] @ Lockhardt River

@ e Rainforest seed processing

'7}-8 Narcoonowie Quarry

7 Pituri Trade and Exchange Network
i* Marion Downs stone houses

10 -8 Thunderpurty Lagoon

11 -e Brewarrina fish traps

112 Murujuga stone houses
1138 Budj Bim eel traps
|14 -e Aboriginal dispersed black bean

Map drrawn by: N Wright 2020
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Aboriginal sustainable practices included:
allowing enough plants to go to seed to sustain
future harvests

tilling the soil to aerate it, and to allow the seeds
to germinate and the yams to form underground
taking only one or two tubers per plant and
replanting the rest for future harvests.

After European colonisation, the Murnong was
brought to the brink of extinction by introduced
livestock, which compacted the soil and ate its leaves.

First Nations Peoples built stone weirs to keep
water in the environment for longer so it could be
better absorbed by the soil. This created large areas
of open pasture and allowed many native grains to be
sustainably harvested.

First Nations aquaculture

First Nations Peoples used complex aquacultural
harvesting practices. Acommon technique was to link
seasonal phenomena observed on land to unrelated
phenomena observed in waterways. For example,
many Torres Strait Islander stories tell of how the
breeding and migration cycles of many water species
relate to the yearly or seasonal appearance of specific
constellations in the night sky. Other stories tell of how
the flowering of a particular plant coincides with the
spawning season of a specific freshwater crustacean.
When the flower is blooming, removing the crustacean
from the waterway would be unsustainable because it
would interrupt the breeding cycle and result in fewer
crustaceans for the next season.

First Nations fire management

First Nations Peoples have long used various fire
management practices to help manage the landscape.
Periodically conducting low- or high-intensity burns
prevented major bushfires by removing dead leaves,
fallen trees and other debris. Managed burns also
modified soil nutrients to favour specific plants and
prevent weeds, sustaining open forested areas that
supported diverse plant and animal life. Without
these fire management practices, major bushfires

can develop.

Current projects are re-engaging
with First Nations knowledges

Across Australia, many projects are re-engaging
with First Nations knowledges of sustainable

harvesting practices. For example, Indigenous
rangers work directly with Country to care for it
and apply the complex scientific understandings
of the Dreaming stories.

In Section 3.9, you will see how traditional
cultural burning is being used to rejuvenate the
land and protect endangered native species like
the Leadbeater’s possum.

Learning Ladder

Ecosystems

o Identify how First Nations Peoples knew
when not to harvest freshwater crustaceans.

9 Describe the changes to the ecosystem that
nearly caused the Murnong to become extinct.

e Construct a flowchart to represent First Nations
Peoples’ understanding of breeding and migration
cycles in aquaculture.

e Explain how stories help to create links between
plants and aquatic animals.

e Discuss why First Nations land management practices
include regular burning of areas of vegetation.

Nature and development of science

o Identify a problem involving the Murnong
that science helped to solve.

@ Describe how the inclusion of First Nations rangers
in managing ecosystems is changing how science
is being used.

@) Explain a method First Nations Peoples have used
for millennia to teach science.
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o Examine Figure 3.22.
a ldentify the state where Budj Bim is located.
b Identify how many different species of yam
are represented in the diagram.
¢ Identify the food source grown in the pink area.

e Construct a table or chart to organise your
information from Question 1.

Key idea: Form and function

Research why the Murnong nearly became extinct.
Discuss the factors that contributed to its near extinction.
What could help to revive this plant?

Success criteria

| can describe how land management practices of
Aboriginal and Torres Strait Islander Peoples can
help to inform sustainable management of the
environment.
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°9 > Australian ecosystems at risk

Learning intention

At the end of this lesson, | will be
able to describe the link between
urbanisation and deforestation,

and how it contributes to the decline
of species populations.

Key terms

deforestation: the removal of trees
to make land available for other uses

endemic: only found in a certain
location or community

fauna: animals
flora: plants and microorganisms

urbanisation: the creation of urban
areas such as cities

\Key idea: Form and function

Figure 3.23: The natural habit of
the Leadbeater’s possum has been
so depleted, the species is in danger

of becoming extinct.
v
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Australia has flora and fauna that is unigue in the world.
Almost half of all species in Australia are endemic.

This is what makes them so distinct but also vulnerable
to extinction. Australia faces one of the world’'s most
pronounced declines in flora and fauna populations.

Australia has the world’'s highest mammal
extinction rate

Small mammals are particularly vulnerable because for millions of years
they had no major predators and little competition. This means they are
not equipped to cope with major changes in their ecosystems.

Figure 3.24 shows that extinction rates have steadily increased.
They are now the highest in the world. The main reasons for the decline in
biodiversity are introduced species such as rabbits, foxes and cane toads,
and habitat destruction.

Introduced species compete with native species

Introduced species compete with native species for the same resources,
remove species through predation or toxins, and even damage soils and
plant life through trampling, burrowing and digging.

In Australia, most ecosystems have been affected by introduced
species. Foxes and cats are skilled predators and have hunted many
species to extinction. Rabbits out-compete small marsupials. Cane toads
(and their tadpoles) are toxic if eaten by native mammals for food.
Brumbies (feral horses) and camels trample fragile soils and plants that
have not evolved to cope with hard-hooved animals. Each introduced
species was brought to Australia for specific reasons, but the Europeans
lacked knowledge about Australian ecosystems and did not foresee the
damage the introductions would cause.

The Leadbeater's possum

The Leadbeater’s possum is a critically endangered species native to
Victoria. The old mountain ash forests that are the natural habitat of these
possums have been depleted by bushfires and unsustainable logging.
Only these old-growth trees have the hollows in their trunks and branches
that the possums use to make their homes. The Black Saturday bushfires
of 2009 destroyed almost half of the possums’ limited habitat, pushing
them further towards extinction.

In 2019, the Dja Dja Wurrung Clans Aboriginal Corporation
reintroduced traditional burning practices in Central Victoria to reduce
the risk of high-intensity fires that threaten the habitats of species like
the Leadbeater’s possum.



Figure 3.24: Total number of extinctions of endemic mammal
species, 1800-2020
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Urbanisation and deforestation
damage food webs

Urbanisation is the replacement of natural ecosystems
with cities and suburbs. As cities grow, the surrounding
land is cleared and many of the organisms in the
ecosystem die.

Deforestation is the removal of large trees to
make space for towns and farms. All organisms within
food webs are affected by deforestation because
they all depend on the original energy source from
these producers. Removing trees can increase soil
erosion and water pollution. This is because tree roots
hold the soil together and filter the water flowing
through the ecosystem. Without trees, erosion can
increase as wind and rain carry away the topsoil needed
for plants to grow.

To safeguard Australia’s unique natural heritage
for future generations, we need to address the causes
of biodiversity loss.

Figure 3.25: The land covered
by this housing development
once had large trees and an
ecosystem suited to a variety
of organisms.

Learning Ladder

Ecosystems

o List the main factors that contribute to species
population decline in Australia.

e Define the terms ‘urbanisation’ and ‘deforestation’

e Explain, using examples, how urbanisation can affect
interactions in food chains and food webs.

e Compare the effects of urbanisation and introduced
species. Suggest which factor you think will have the
biggest impact on extinct species rates in Australia.
Justify your response.

Nature and development of science

o Propose a solution for the negative impact that
urbanisation has on ecosystems.

e Describe how engineers and ecologists could work
together to solve problems related to urbanisation.

Communicating . 245

o List and define any scientific terms in this section
that are not already listed as a key term.

e Imagine you are upset about the lack of conservation
efforts in your community. Describe an appropriate
way to communicate your frustrations to the
local council.

9 To support your argument to the local council,
propose three websites that provide reliable statistics
about animal populations in the area.

o Propose two digital platforms that could be used
to communicate your findings.

e Construct an evidence-based presentation for
the local council, encouraging them to improve
conservation efforts.

Key idea: Form and function

Construct a comic strip that highlights physical habitats
in natural environments, and how they can be impacted
by urbanisation and deforestation. Include examples
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