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Workshop Overview

Water is one of the most versatile of all chemical substances, and is integral to the survival of
natural and human systems. Within this workshop, students use Queensland Museum objects and
stories to explore the properties and importance of water. They investigate the conservation and
management of water, and consider how we can manage a changing water cycle as a result of a
changing climate.

This workshop has been structured using the 5E’s instructional model.

The following topics and concepts are explored in each aspect of the workshop:

ENGAGE Mary Watson and the Sea Cucumber Tank
EXPLORE Use the story of Mary Watson’s tank to investigate:
EXPLAIN ¢ Density and buoyancy;

ELABORATE

o The effect of salt concentration on rusting; and,

EVALUATE

e The production of drinking water using varied physical separation techniques.

EXPLORE You, Water and Society: Community of Inquiry
Participate in a community of inquiry to discuss the consequences of water scarcity
and the value of water at a local, national and global level.

EXPLORE Evaporation Innovation

EXPLAIN Design an innovation that will reduce the rate of evaporation experienced by
ELABORATE a body of water. Explore how people in design and technologies fields have
EVALUATE responded to similar problems.

EXPLAIN Changing Climates, Changing Waters

ELABORATE Determine how climate change will affect the water cycle, identify the likely impacts

EVALUATE of these changes, and develop a designed solution that will minimise the impacts of
these changes.

EVALUATE Watery Reflections: Community of Inquiry
Participate in a community of inquiry to review and reflect on learning and new
understandings and skills.




ENGAGE - EXPLORE - EXPLAIN - ELABORATE - EVALUATE

Mary Watson and the Sea Cucumber Tank

Teacher Resource

The following student activities are contextualised by the stories told about an iron tank, acquired
by Queensland Museum in 1882. This tank tells the stories of the Dingaal Aboriginal people and of
European settlers; it also highlights the impacts of colonisation.

The activity Watson’s Tank provides context for future learning. We recommend implementing this
activity before moving onto the remaining activities, which can be delivered in succession or as
stand-alone lessons.

Watson’s Tank

In this activity, students develop an understanding about the significance of Mary Watson'’s tank.
They sequence information about people’s lives and events and examine different viewpoints to
understand the motives and experiences of individuals and groups.

Students may wish to view and read the diaries kept by Mary Watson. These include her diary from
Lizard Island and the diary she kept following her departure from Lizard Island. Both diaries are
held at the State Library of Queensland.

Glass painted portrait of Mary Watson (artist and date unknown). Cast iron tank and paddles used by Mary Watson fo leave Lizard
QM, Peter Waddington. Island. QM, Jeff Wright.
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What Floats Your Boat?

In this activity, students investigate density and buoyancy to determine how a cast iron tank was
able to float with two adults, a baby and a handful of supplies, and how many additional people
would have been able to sit in the tank before it began to sink.

You may like to start with some simple density problems or calculations to build students’
understanding and confidence before moving on to What Floats Your Boat? The Physical Science:
Density Laboratory (accessible via Scootle) is an online interactive simulation students could use
to investigate the relationship between mass, volume, density and buoyancy and to solve simple
density-related problems.

The final question asks students to consider how the buoyancy of the tank may change in liquids
of different densities. While students can use mathematical problem-solving and reasoning to
respond to this question, they could also design and conduct a scientific investigation to draw and
present conclusions based on evidence.

Rust Away

In this activity, students investigate the effect of salt concentration on rusting. Students are
encouraged to use the provided scaffold to plan and conduct their own experiment. They then
describe and explain the results, focussing on reversible/irreversible and chemical/physical change.

It is important to note the following:

¢ We recommend students use deionised or demineralised water. This is because there are no or
very low concentrations of dissolved ions within the water, which may affect the outcome of the
experiment. You can find deionised or demineralised water at many large retailers.

¢ While salt generally increases the rate of rusting, very high salt concentrations will actually
reduce the rate of rusting; as the salt concentration increases, the amount of available oxygen
within the water decreases — without oxygen, rusting cannot occur. To counter this, students
could half submerge their tested objects, occasionally aerate the water, or spray their objects to
ensure the presence of oxygen.

o Different objects will produce different results at different rates. We recommend using steel
wool as it is cost-effective and will begin to rust within 24 — 48 hours of commencing the
experiment.

Following this, students apply knowledge and findings from the experiment to real world contexts;
they explain how natural processes can affect the salt concentration of the ocean, and use a sea
surface salinity map to discuss how the tank would fare in locations with high, moderate and low
salinity levels. You may also like to access the Science on a Sphere Sea Surface Salinity (monthly)
dataset from the National Oceanic and Atmospheric Administration (NOAA) during or after the
completion of this task.

Students also learn about life as a conservator at Queensland Museum, and the freatments used to
conserve rusting objects.


http://www.scootle.edu.au/ec/viewing/L8862/index_362.html
http://www.scootle.edu.au/ec/viewing/L8862/index_362.html
http://www.scootle.edu.au/
https://sos.noaa.gov/datasets/sea-surface-salinity-monthly-real-time/
https://sos.noaa.gov/datasets/sea-surface-salinity-monthly-real-time/

Thirst Quencher Design Challenge

In this activity, students design a solution that will allow for the reliable production of drinking
water in a remote location.

When completing this activity, Year 5 students should be encouraged to investigate evaporation
and focus on changes of state. Year 7 students should be encouraged to focus on how they can
separate substances using physical separation techniques. Regardless of year level, students should
not be encouraged to drink the water that is produced by their designed solution for health and
safety reasons.

Depending on your classroom context, students can produce a graphical representation of their
solution and/or use materials and supplies to build and test their solution. Students should be
encouraged to think about the components of listed materials and supplies, and how they could
use, represent or replicate these components. For example, rather than using an entire umbrella
to construct a solution, students could use lengths of bamboo to represent the frame and pieces
of silk or cotton fabric covered in wax or oil to represent the waterproof material, keeping in mind
that nylon was not invented until 1935. If using plant material fo construct the designed solution,
be mindful of the types of plants that are used, especially if students are collecting plant material
themselves, as some may contain foxins that are harmful to humans if touched or ingested. As a
result, you may like to familiarise yourself with the common toxic plants found in Queensland
and provide students with pre-selected non-toxic plant material they can use to construct their
designed solution.

QUEENSLAND MUSEUM | FUTURE MAKERS TEACHER RESOURCE | WATER MATTERS


https://www.childrens.health.qld.gov.au/chq/our-services/queensland-poisons-information-centre/plants-mushrooms/

Curriculum Links (Version 8.4)

Watson’s Tank

Humanities and Social Sciences
YEAR 4

Inquiry and Skills

Locate and collect information and data from different sources,
including observations (ACHASSIO74)

Sequence information about people’s lives and events
(ACHASSIO76)

Examine information to identify different points of view and
distinguish facts from opinions (ACHASSIO77)

Present ideas, findings and conclusions in texts and modes
that incorporate digital and non-digital representations and
discipline-specific terms (ACHASSI082)

History: Knowledge and Understanding

The nature of contact between Aboriginal and Torres Strait
Islander Peoples and others, for example, the Macassans and
the Europeans, and the effects of these interactions on, for
example, people and environments (ACHASSK086)

YEAR5
Inquiry and Skills

Locate and collect relevant information and data from primary
sources and secondary sources (ACHASSI095)

Sequence information about people’s lives, events,
developments and phenomena using a variety of methods
including timelines (CACHASSI097)

Examine different viewpoints on actions, events, issues and
phenomena in the past and present (ACHASSI099)

Present ideas, findings, viewpoints and conclusions in a range
of texts and modes that incorporate source materials, digital
and non-digital representations and discipline-specific terms
and conventions (ACHASSI105)

History: Knowledge and Understanding

The nature of convict or colonial presence, including the
factors that influenced patterns of development, aspects of
the daily life of the inhabitants (including Aboriginal Peoples
and Torres Strait Islander Peoples) and how the environment
changed (ACHASSK107)

YEAR 6
Inquiry and Skills

Locate and collect relevant information and data from primary
sources and secondary sources (ACHASSI123)

Sequence information about people’s lives, events,
developments and phenomena using a variety of methods
including timelines (ACHASSI125)

Examine different viewpoints on actions, events, issues and
phenomena in the past and present (ACHASSI126)

Present ideas, findings, viewpoints and conclusions in a range
of texts and modes that incorporate source materials, digital
and non-digital representations and discipline-specific terms
and conventions (ACHASSI133)

General Capabilities

Literacy

Comprehending texts through listening, reading and viewing
Composing fexts through speaking, writing and creating
Critical and Creative Thinking

Inquiring - Identifying, exploring and organising information
and ideas

Personal and Social Capability

Social management

Intercultural Understanding

Recognising culture and developing respect

Interacting and empathising with others

What Floats Your Boat?

Science
YEAR 7

Science Understanding

Change to an object’s motion is caused by unbalanced forces,
including Earth’s gravitational attraction, acting on the object
(ACSSUNM?)

Science Inquiry Skills

Communicate ideas, findings and evidence based solutions to
problems using scientific language, and representations, using
digital technologies as appropriate (ACSIS133)

YEAR 8

Science Understanding

Properties of the different states of matter can be explained in
terms of the motion and arrangement of particles (ACSSU151)

Science Inquiry Skills

Communicate ideas, findings and evidence based solutions to
problems using scientific language, and representations, using
digital technologies as appropriate (ACSIS148)

Mathematics
YEAR 7
Number and Algebra

Round decimals to a specified number of decimal places
(ACMNAT156)

Measurement and Geometry
Calculate volumes of rectangular prisms (ACMMG160)

YEAR 8

Measurement and Geometry

Develop formulas for volumes of rectangular and triangular
prisms and prisms in general. Use formulas fo solve problems
involving volume (ACMMG198)



General Capabilities

Numeracy

Estimating and calculating with whole numbers
Using spatial reasoning

Using measurement

ICT Capability
Investigating with ICT

Critical and Creative Thinking
Reflecting on thinking and processes

Analysing, synthesising and evaluating reasoning and
procedures

Rust Away

Science
YEAR 6

Science Understanding

Changes to materials can be reversible or irreversible
(ACSSU095)

Science as a Human Endeavour

Science involves testing predictions by gathering data

and using evidence to develop explanations of events and
phenomena and reflects historical and cultural contributions
(ACSHE098)

Scientific knowledge is used fo solve problems and inform
personal and community decisions (ACSHE100)

Science Inquiry Skills

With guidance, pose clarifying questions and make predictions
about scientific investigations (ACSIS232)

Identify, plan and apply the elements of scientific
investigations to answer questions and solve problems using
equipment and materials safely and identifying potential risks
(ACSIS103)

Decide variables to be changed and measured in fair tests, and
observe measure and record data with accuracy using digital
technologies as appropriate (ACSIS104)

Construct and use a range of representations, including
tables and graphs, to represent and describe observations,
patterns or relationships in data using digital technologies as
appropriate (ACSIS107)

Compare data with predictions and use as evidence in
developing explanations (ACSIS221)

Reflect on and suggest improvements to scientific
investigations (ACSIS108)

Communicate ideas, explanations and processes using
scientific representations in a variety of ways, including multi-
modal texts (ACSIS110)

YEAR 8

Science Understanding

Differences between elements, compounds and mixtures can
be described at a particle level (ACSSU152)

Chemical change involves substances reacting fo form new
substances (ACSSU225)

Science as a Human Endeavour

People use science understanding and skills in their
occupations and these have influenced the development of
practices in areas of human activity (ACSHE136)

Science Inquiry Skills

Identify questions and problems that can be investigated
scientifically and make predictions based on scientific
knowledge (ACSIS139)

Collaboratively and individually plan and conduct a range
of investigation types, including fieldwork and experiments,
ensuring safety and ethical guidelines are followed (ACSIS140)

Measure and control variables, select equipment appropriate
to the task and collect data with accuracy (ACSIS141)

Construct and use a range of representations, including
graphs, keys and models fo represent and analyse patterns or
relationships in data using digital technologies as appropriate
(ACSIS144)

Summarise data, from students’ own investigations and
secondary sources, and use scientific understanding to
identify relationships and draw conclusions based on evidence
(ACSIS145)

Reflect on scientific investigations including evaluating the
quality of the data collected, and identifying improvements
(ACSIS146)

Communicate ideas, findings and evidence based solutions to
problems using scientific language, and representations, using
digital fechnologies as appropriate (ACSIS148)

General Capabilities

Literacy
Comprehending texts through listening, reading and viewing
Composing texts through speaking, writing and creating

Critical and Creative Thinking

Inquiring - Identifying, exploring and organising information
and ideas

Reflecting on thinking and processes

Analysing, synthesising and evaluating reasoning and
procedures

Personal and Social Capability

Social management
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Thirst Quencher Design Challenge

Science
YEAR 5

Science Understanding

Solids, liquids and gases have different observable properties
and behave in different ways (ACSSUQ77)

Science Inquiry Skills

Communicate ideas, explanations and processes using
scientific representations in a variety of ways, including multi-
modal texts (ACSIS093)

YEAR7

Science Understanding

Mixtures, including solutions, contain a combination of pure
substances that can be separated using a range of techniques
(ACSSUT13)

Change to an object’s motion is caused by unbalanced forces,
including Earth’s gravitational attraction, acting on the object
C(ACSSUNM7)

Science Inquiry Skills

Identify questions and problems that can be investigated
scientifically and make predictions based on scientific
knowledge (ACSIS124)

Collaboratively and individually plan and conduct a range
of investigation types, including fieldwork and experiments,
ensuring safety and ethical guidelines are followed (ACSIS125)

Measure and control variables, select equipment appropriate
to the task and collect data with accuracy (ACSIS126)

Summarise data, from students’ own investigations and
secondary sources, and use scientific understanding to
identify relationships and draw conclusions based on evidence
(ACSIS130)

Reflect on scientific investigations including evaluating the
quality of the data collected, and identifying improvements
CACSIS13D)

Communicate ideas, findings and evidence based solutions to
problems using scientific language, and representations, using
digital fechnologies as appropriate (ACSIS133)

Design and Technologies
YEARS5 &6

Design and Technologies: Knowledge and
Understanding
Investigate characteristics and properties of a range of

materials, systems, components, tools and equipment and
evaluate the impact of their use (ACTDEK023)

Design and Technologies: Processes and Production
Skills

Critique needs or opportunities for designing, and investigate
materials, components, tools, equipment and processes to
achieve intended designed solutions (ACTDEP024)

Generate, develop and communicate design ideas and
processes for audiences using appropriate technical terms and
graphical representation techniques (ACTDEP025)

Select appropriate materials, components, tools, equipment
and techniques and apply safe procedures to make designed
solutions (ACTDEP026)

Negotiate criteria for success that include sustainability to
evaluate design ideas, processes and solutions (ACTDEP027)

YEAR7 &8

Design and Technologies: Knowledge and
Understanding

Analyse ways to produce designed solutions through selecting
and combining characteristics and properties of materials,
systems, components, tools and equipment (ACTDEKO34)
Design and Technologies: Processes and Production
Skills

Critique needs or opportunities for designing and investigate,
analyse and select from a range of materials, components,
tools, equipment and processes to develop design ideas
(ACTDEPO35)

Generate, develop, test and communicate design ideas,
plans and processes for various audiences using appropriate
technical terms and technologies including graphical
representation techniques (ACTDEPOQ36)

Select and justify choices of materials, components, tools,
equipment and techniques to effectively and safely make
designed solutions (ACTDEPO37)

Independently develop criteria for success to evaluate
design ideas, processes and solutions and their sustainability
(ACTDEPO038)

General Capabilities

Literacy

Composing texts through speaking, writing and creating

Numeracy
Using measurement

ICT Capability
Investigating with ICT
Creating with ICT

Critical and Creative Thinking

Inquiring - Identifying, exploring and organising information
and ideas

Generating ideas, possibilities and actions

Reflecting on thinking and processes

Analysing, synthesising and evaluating reasoning and
procedures

Personal and Social Capability

Social management



Watson’s Tank
Student Activity

Lizard Island

Lizard Island is known as Dyiigurra (Jiigurru) to the Dingaal Aboriginal people, the Traditional
Owners of the land. The Dingaal people have lived in this area for tens of thousands of years, and
for them, the island is a sacred place with a rich cultural history.

Brisbens
ol i

Gk s

Lizard Island is located 250 km north of Cairns. Aerial view of Lizard Island (background), Palfrey Island (left) and South Island (right). QM,
Gary Cranitch.

The Dingaal people believe that the Lizard group of islands were created in the Dreamtime; the islands
form a stingray, with Lizard Island forming the body and the surrounding islands forming the tail.

The Dreamtime is a term coined by English anthropologists. The term refers to the complex
network of Aboriginal spiritual beliefs that “permeates all aspects of Aboriginal cultures and
societies”! This worldview encompasses the past, present and future, and establishes societal
structures, rules for social behaviour and rules for interacting with the natural world.?*

Lizard Island is also home to the manuya, or sand goanna, whose presence is linked with traditional
stories and culture. The presence of the manuya on the island makes it a sacred place. Lizard
Island was given its Western name when Captain James Cook passed through it on 12 August

1770: “The only land animals we saw here were lizards, and these seem’d to be pretty plenty,

which occasioned my naming the island Lizard Island”.

A century later, sea cucumber fishermen began using Lizard Island. Soon after, tfragedy struck.

1 Tripcony, P. (2007). Too obvious to see: Explaining the basis of Aboriginal spirituality. Retrieved from https:/www.qcaa.qld.edu.au/downloads/
approach2/indigenous_read001_0708.pdf

2 University of South Australia. (2013). Respect, relationships, reconciliation. Dreaming. Retrieved from https:/rrr.edu.au/glossary/dreaming/

3 Nicholls, C.J. (2014). ‘Dreamtime’ and ‘The Dreaming’ - An introduction. Retrieved from https://theconversation.com/dreamtime-and-the-
dreaming-an-introduction-20833
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Mary Watson

Mary Watson was born in England in 1860. She emigrated with her family to Maryborough, Queensland
in 1877. Some time later, Mary moved to Cooktown and subsequently married Captain Robert E.
Watson in May 1880. Captain Watson was a sea cucumber fisherman. In June 1880, the couple moved
to Lizard Island to set up a fishing station with Captain Watson'’s business partner, Percy Fuller.

Glass painted portrait of Mary Watson (artist and date The Prickly Redfish (Thelenota ananas) is one species of sea cucumber that was
unknown). QM, Peter Waddington harvested during the nineteenth century. QM, Gary Cranitch.

Europeans began to harvest sea cucumbers (otherwise known as frepang or béche-de-mer) in

the nineteenth century. Cooktown was the centre of this industry, and was the point from which
sea cucumbers were exported to south-east Asia and China. The continuous overfishing of sea
cucumbers during this period resulted in the severe depletion of these once plentiful animals,
which affected both the ecosystem and the food supply of the Aboriginal and Torres Strait Islander
peoples who had been harvesting this resource well before the arrival of European settlers. A
further impact of this industry was the abuse of and lack of pay for Aboriginal and Torres Strait
Islander workers.*>

On 1 September 1881, Watson and Fuller departed on a fishing trip, leaving Mary, their four month
old son, Thomas, and two Chinese workers, Ah Sam and Ah Leung, on the island.

Several weeks later, on 29 September 1881, a group of mainland Aboriginal people of the Guungu
Yimmidir group arrived on the island to collect their valued fish oils.

There are different perspectives about what happened next, and why. Conflict broke out between
the Guungu Yimmidir people and the settlers. Ah Sam was attacked, and suffered several spear
wounds; Ah Leung was killed. Mary shot at the Guungu Yimmidir people.

Most written accounts suggest that Mary Watson accidentally trespassed on ceremonial ground.
According to traditional stories, the whole island is a sacred site, which the Watsons, Fuller and
their workers should never have been living on.

4 Daley, B. (2014). The Great Barrier Reef: An environmental history. Routledge.
5 Ryle, P. A. (2000). Decline and recovery of a rural coastal town: Cooktown 1873 - 1999 [PhD thesis]. James Cook University.
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Following the conflict, Watson, her son and Ah Sam left the island in a cut-down iron tank used to
boil sea cucumbers. They took only a few supplies, including some food and water. The date was
2 October 1881.

o =8
Cast iron tank and paddles used by Mary Watson to leave Lizard Island. QM, Jeff Wright.

After departing Lizard Island, the group drifted and paddled in and out of reefs and small islands.
Watson kept a makeshift diary during this time. She wrote about their journey, their dwindling
supplies and their need to find fresh water.

Mary Watson's Diary Entries
4 October 1881: “Made for the sand bank off the Lizards, but could not reach it. Got on a reef”

6 October 1881: “Able to pull the tank up to an island with three small mountains on it. Ah Sam
went ashore to try to get water as ours was done.”

7 October 1881: “Made for another island four or five miles from the one spoken of yesterday.
Ashore, but could not find any water. Cooked some rice and clam-fish.”

The group stayed on this island, No 5 Howick Island, awaiting rescue or rain. Unfortunately neither
came in time; all three died of thirst between 11 and 12 October.

This was not the only incident of its kind to occur at this time. Reports around the time of Watson
and Ah Sam’s deaths indicate that the conflicts between the fishermen and Aboriginal land owners
were part of a larger conflict also happening on other islands in the reef.

QUEENSLAND MUSEUM | FUTURE MAKERS TEACHER RESOURCE | WATER MATTERS n



1. Use this information to develop a timeline of events.

Date

Event

12




2. Express how the Guungu Yimmidir people may have felt in their situation, after discovering
European people on their land. Consider knowledge, beliefs and practices, and how these may
impact perspectives and points of view.

3. Express how Mary Watson may have felt in her situation, after moving to Lizard Island and
experiencing conflict with the Guungu Yimmidir people. Consider knowledge, beliefs and
practices, and how these may impact perspectives and points of view.

QUEENSLAND MUSEUM | FUTURE MAKERS TEACHER RESOURCE | WATER MATTERS
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What Floats Your Boat?
Student Activity

Cast iron is used to make a wide variety of objects. You may like to conduct an infernet image
search for ‘cast iron uses’ to take a look at the types of objects that are made with this material.

Based on your observations:

e What physical properties would you associate with cast iron?

¢ Do you have anything made of cast iron in your home or school?

* Would you expect this material to float on water?

Following conflict with Aboriginal land owners, Mary Watson used a cast iron ship tank to leave

Lizard Island with her infant son and a Chinese worker. They travelled over 64 km in the tank,
between the reefs and islands of the Great Barrier Reef.

Glass painted portrait of Mary Watson (artist and date un- Cast iron tank and paddles used by Mary Watson to leave Lizard Island. QM,
known). QM, Peter Waddington. Jeff Wright.

How was a cast iron tank able to float with two adults, a baby and a handful of supplies?
How many additional people would have been able to sit in the tank before it began to sink?
You will investigate the answers to these questions below.

14
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Density

What determines whether an object will float or sink in a liquid? Density!

Density is a physical property of matter, and is a measure of the amount of matter in a given space.
The density of an object depends on:

o The number and mass of atoms or molecules that make up the object; and,

o How closely the atoms or molecules are ‘packed’ within the object.

Density is calculated using the equation:

Mass (g9)

Density (g/cmd) =
Volume (cm>)

If an object is less dense than the liquid it is placed in, then it will float, e.g. a volleyball on the water. If
an object is denser than the liquid it is placed in, then it will sink, e.g. a sandstone rock in the water.

1. Determine the density of salt water. Explain how you came to this result and record any working
out below. (Hint: You can use the density equation above.)

2. Calculate the density of the following. Determine whether each will float or sink in salt water,
and explain why this is the case (recall how the size, mass and arrangement of atoms or
molecules within an object affects its density).

a. Mary Watson’s Tank
Use the dimensions provided by Queensland Museum and assume a thickness of 5 mm.
Use a metal calculator, such as https://www.onealsteel.com/resources/metal-calculator/,
to determine the approximate mass of the tank.

QUEENSLAND MUSEUM | FUTURE MAKERS TEACHER RESOURCE | WATER MATTERS 15
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b. Mary Watson’s tank with two adults, a baby and a handful of supplies.

You may assume the following:

In 1880, the average mass of a woman: 55 kg®
In 1880, the average mass of a man: 75 kg®
Average mass of a four-month-old baby: 6.7 kg’
Mass of supplies: 5kg

¢. Mary Watson’s tank with the entire sea cucumber camp population, if all were on the island
and had survived the conflict. This includes: Mary Watson, Robert Watson, Thomas Watson,
Percy Fuller, Ah Leong and Ah Sam.

d. Determine how many additional people would have been able to sit in Mary Watson'’s tank
before it started to sink.

6 Hathaway, M. (1959). Trends in heights and weights. Retrieved from https://naldc.nal.usda.gov/download/IND43861419/PDF
7 Whelan, C. (2019). What’s the average baby weight by month? Retrieved from https:/www.healthline.com/health/parenting/average-baby-weight
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Buoyancy

When an object is placed in a liquid, it displaces (pushes away) some of the liquid. The displaced
liquid pushes up on the object. This upward force is called buoyancy.

If the object is equal to or lighter than the amount of liquid it has displaced, it will float. However,
if the object is heavier than the amount of liquid it has displaced, it will sink. This is because the
liquid is not capable of exerting enough force to keep the object afloat. The buoyancy of an object
will also change in liquids of different densities.

3. Draw force diagrams to represent the buoyancy of the tank in each of the previous situations.
Use your understanding of forces to explain what is happening in each situation.

a. Mary Watson’s Tank

Force Diagram Explanation

b. Mary Watson’s tank with two adults, a baby and a handful of supplies.

Force Diagram Explanation
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c. Mary Watson’s tank with the entire sea cucumber camp population.

Force Diagram Explanation

d. Mary Watson’s tank sinking.

Force Diagram Explanation

4. Imagine an ocean of vegetable oil, honey, detergent or milk! How would you expect the
buoyancy of the tank to change in liquids of different densities?
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Rust Away
Student Activity

Take a look at Mary Watson’s tank.

QM, Jeff Wrigh

What do you notice about the condition of the tank?

Do you think the tank was in this condition when Mary Watson set off from Lizard Island? Why?
What could have caused these changes?

Seawater contains many dissolved solutes; the main (and most noticeable!) one is sodium chloride
or salt. On average, most seawater has about 35 g of salt in every 1000 g of water. However, the
salt content (salinity) of the ocean can vary between places around the globe - especially at the
surface of the ocean.
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Seawater affects materials in different ways. You will now design an experiment to investigate how
the amount of salt in water can affect the rate of rusting (corrosion).

Aim
To investigate the effect of salt concentration on rusting.
Hypothesis

How will salt concentration affect rusting? Write a prediction, giving reasons for your answer.

Variables

Record the variables in the table below.

Independent variable Dependent variable Control variable

Materials

List all of the equipment you will use in the experiment. Remember to include numbers and amounts.
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Method

List the steps you will take to conduct your experiment.

Risk Assessment

What safety considerations must be made before, during and after this experiment? Identify at least
five hazards and how to minimise them.

Hazard How to minimise hazard
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Results

1. Record your observations in a table (you may wish to use Excel for the table and graph).
2. Present your results in a graph.

3. Describe the results in words.

Discussion

1. Explain the results and observations. Do the results support your hypothesis?

2. Describe which materials in the experiment are elements, compounds and mixtures (include
chemical formulas where possible). In the mixture, what is the solution, solute and solvent? (Year 8)
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3. Draw a labelled diagram of the experiment, showing the materials before and after.

4, Justify the type of change (physical or chemical) that has occurred within this experiment, and
whether it is reversible or irreversible.

5. The salt content (salinity) of the ocean can vary between places around the globe. Salinity
levels are affected by evaporation, rainfall, thawing ice and the flow of rivers. Explain how these
processes affect the salt concentration of the ocean.
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6. Observations collected from three satellites (SMOS, SMAP and Aquarius) were used to develop a
map of sea surface salinity.

120%W 120°%E

Global sea surface salinity, measured in grams of salt per 1000 mL of water. European Space Agency Climate Change Initiative.

Compare the salinity levels of the following locations: the Mediterranean Sea, the coastline of
Alaska and the coastline of eastern Australia. Discuss how these conditions would be likely to
affect the state of Mary Watson’s tank.

7. Describe any challenges you experienced during the investigation.



https://www.esa.int/ESA_Multimedia/Images/2019/05/Global_sea-surface_salinity#.Xpk7-8kvrJI.link 

8. Explain how you could improve the investigation.

Conclusion

Summarise the experiment and results.
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Queensland Museum: The Conservation of Rusting Objects

Queensland Museum has a responsibility to collect, research and promote Queensland's natural,
cultural and technological heritage. Our collections provide evidence of changes occurring in our
natural and cultural environments.

Cultural and historical collections are comprised of objects that are significant to the people

of Queensland. These objects are cared for on behalf of all Queenslanders so that they can be
enjoyed by future generations. The people who care for these objects are called conservators.
They use chemical and physical tests to determine the age and composition of different objects,
and use their understanding of materials science and their problem-solving skills o determine how
best to stabilise, restore and preserve the objects.

A Chat with Sue Valis, Conservator, Museum of Tropical Queensland

Sue Valis is a Conservator at the Museum of Tropical Queensland. Learn more about conservation,
particularly about the preservation of rusting objects below.

Sue Valis working on one of the diving helmets from the Queensland Museum collection.

e How did you become interested in your field of study?

While studying Art and Archaeology for my first degree, | worked with a paintings conservator.
This exposed me to the principles of conserving cultural materials and its practice. | loved the
combination of working with my hands and at the same time having to think about the science
and technology behind the making of the object, as well as the ethical issues guiding the
treatment. Conservation is about stabilising objects and acknowledging their history and use,
rather than ‘restoring’ them to look new again. This mental and physical combination of skills
made me realise that | wanted tfo make conservation my career. As | had not studied Chemistry
in high school, a prerequisite for a conservation degree, | enrolled in evening classes at the local
technical college and then went on to complete the three year Bachelor of Applied Science in
Conservation at the University of Canberra.
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o What is your favourite part of your work?

Probably my second favourite part is to receive an object requiring treatment and having to look at
its background: where it comes from, the way it was made, and assess what kind of life it has had in
order to explore which conservation treatment would be most suitable. This always varies, because
no two objects are the same or are in the same condition. My favourite part is, of course, completing
a successful treatment and knowing that the object is stable and preserved for many years to come.

o Describe some of the objects you have worked on, and the treatments you used to
conserve these objects.

During my career, | have conserved a variety of objects ranging from meteorites, a famous
dress belonging to a wife of one of the Prime Ministers of Australia, fo an 1855 Locomotive.
Since working at Queensland Museum, my work has been mainly on artefacts recovered from
shipwrecks along the Queensland coastline.

An example of a treatment on an ‘unknown’ object was the mass of concretion (a hard, compact
mass of mineral matter) from the SS Brinawarr (1918), which was recovered in Mackay’s Pioneer
River. The mass was deconcreted and the individual items were desalinated and coated with a
protective layer of microcrystalline wax to reduce the chance of corrosion. Concretions, such as
this one, are usually x-rayed to determine what is hidden inside them.

Before treatment After treatment

..

A mass of concretion (left) from the SS Brinawarr and the separate components (right).

Currently I am working on the conservation of a 120 kg iron anchor from the HMCS Mermaid
(1829) which was recently recovered from the shipwreck site off the coast of Cairns. The anchor
is immersed in a large tub, containing a 2% sodium hydroxide solution, which will draw out the
salts from the metal over a long period of time. The solution is tested on a regular basis, and
once the salt levels plateau out, it is changed, a new solution is added and the process starts
again. All material from the ocean needs to be desalinated prior to being dried; otherwise the
dried salt crystals can damage the material and exacerbate corrosion reactions. This process
can take years, depending on the size and density of the object.
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The tub with the iron anchor from the HMCS Mermaid being refilled with solution during treatment.

+ If we wanted to stop something rusting at home, what is the most important thing to do?

Rusting or corrosion occurs in the presence of high humidity and therefore it is important to avoid
exposing your objects to moisture. This can be achieved by raising them off the ground to avoid
transfer of moisture through the floor or keeping them away from external walls of rooms. Dust can
also trap moisture, so maintaining your objects dust-free will also reduce the chance of corrosion.

Pollution is also attributed to corrosion, although this is not going to be an issue for objects at
home. However, some materials emit vapours that have a corrosive effect on certain metals.
Avoid placing objects on chipboard, wool or felt fabrics. Lastly, since oils and sweat can enhance
corrosion, wash your hands prior fo handling your objects or use gloves.

¢ What would you recommend for students who would like to work in a similar field?

Because conservation is an unusual profession with limited job opportunities, it is extremely
important to receive some work experience, before embarking on a degree in conservation. The
combination of knowledge and skills required to undertake the work, including the patience
needed to carefully approach any treatment does not suit everyone. However, if you are a
person with the right qualities, it is an extremely rewarding career.

If you want to learn more about life as a conservator, you can watch Sue Valis talk about her career
and how she conserves other objects in Queensland Museum’s collection.

You can also learn about how the team at Cobb+Co Museum in Toowoomba conserved a GS
(General Service) Wagon used by the British and Australian armies during the First World War. Part
of this work involved removing rusted rivets, manufacturing new rivets by hand, and removing and
replacing damaged wood.

28


https://learning.qm.qld.gov.au/resources/1568354
https://learning.qm.qld.gov.au/resources/1568353
https://www.youtube.com/watch?v=RzB4nLNl2og
https://www.youtube.com/watch?v=RzB4nLNl2og

Thirst Quencher Design Challenge
Student Activity

Mary Watson made landfall on one island after another, but failed to find any fresh drinking water.
However, what if it was possible to produce drinking water rather than relying on the possibility of
a chance find?

Task:

You are to design a solution that will allow for the reliable production of drinking water on a remote
island, using only the surrounding natural materials and supplies brought by Mary Watson.

You must:

+ Investigate the types and properties of available construction materials and the range
of physical separation techniques. Evaluate the viability of using different materials and
separation techniques on a remote island. Develop criteria that solutions would need to meet to
successfully resolve the problem (success criteria).

» Design a solution that will allow for the reliable production of drinking water on a remote island
using listed materials and supplies.

» Create a prototype of your solution.

e Test your solution. How well does your solution produce drinking water? Evaluate your results
against the success criteria.

» Refine your solution to improve the production of drinking water. Repeat your scientific
investigation to determine the impacts of any changes made to your design.

o Evaluate your solution continuously against the success criteria, and make changes to improve
the design.

» Collaborate in feams of two or three. You may also be required to evaluate social inferactions
to effectively work in a team.

Refine Design

Evaluate Collaborate

Ne P

Create

QUEENSLAND MUSEUM | FUTURE MAKERS TEACHER RESOURCE | WATER MATTERS 29



Investigate

You have access to the following materials and supplies:

e Sand

* Rocks

» Vegetation, including the leaves and branches of plants and washed up plant material
¢ Cotton clothing

e Cotton blanket

e Bonnet

e Umbrella

e Three cans of finned food
e Saw

e Hammer

¢ Matches

e Watch

e Book

e Pencil

View from Lizard Island, over the Great Barrier Reef.
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1. Investigate the types and properties of materials available for construction. Evaluate the
viability of using these materials on a remote island.
Material Properties Plus Minus Interesting
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2. Investigate the physical separation techniques that will allow you to produce drinking water.
Evaluate the viability of using these separation techniques on a remote island using only the
available materials and supplies. (Year 7)

Separation Technique | Plus Minus Interesting
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3. Develop criteria your designed solution would need to meet to successfully solve the problem
(success criteria).
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Design

Draw a labelled diagram of your solution. Make sure you identify and justify the materials you will
use to create the solution, and justify reasons for design.
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Create

Create a prototype of your solution.
Test

Test the effectiveness of your solution. How well does your solution produce drinking water?
Record and discuss your results below.

Recording Results

1. Before you start, what safety considerations must be made before, during and after this test?
Identify at least five hazards and how you will minimise them.

Hazard How to minimise hazard

2. Describe the results of this test.

Discussing Results

1. Explain the results of this test.
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2. Explain how you obtained the drinking water. What changes occurred, and how did you make
these changes occur? You may like to draw a diagram to help communicate your response.

3. Discuss the effectiveness of your solution. Consider any success criteria in your response.

4. Explain how you could refine your solution to increase its effectiveness.
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Refine

Modify your solution based on the ideas discussed in the previous question. Retest your solution
to determine how these changes affected your solution’s ability to reliably produce drinking water.
Evaluate the impact of these modifications.

Evaluate

Reflect on your actions with your team or class after you have completed the design challenge. You
might like to think about the following questions to assist with your reflection:

» What scienfific knowledge helped you make decisions about your solution?
* What aspects of your solution are you very satisfied with and why?
o Describe any further changes you could make to improve the solution.

* What were the main challenges you experienced during the design process? How did you
overcome these challenges?

* What have you learnt about separation techniques and the design process from this activity?
* How could you apply this knowledge and understanding to your learning in other contexts?

¢ What more would we like to know about how to produce drinking water?
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EXPLORE

You, Water and Society: Community of Inquiry

Teacher Resource

In this activity, students participate in a community of inquiry to discuss the consequences of
water scarcity and the value of water at a local, national and global level. This process provides
students with an opportunity to reach a deep, shared understanding of the concepts and issues
underpinning the inquiry topic.

The community of inquiry is a structured, dialogic process that requires participants to ask open
inquiry questions, listen and think, share ideas and consider alternative viewpoints. Problematic
issues and concepts are discussed collaboratively within a supportive learning environment where
all views are considered and respected. Reflecting on thinking is integral to the process.

The following engagement protocols are used during the community of inquiry process, and these
should be included on the walls for all students to see.

e Listen attentively

¢ Build on and connect ideas

o Respect self, others and place

o Disagree reasonably and respectfully

¢ There may be many responses considered to be correct
Detailed step-by-step instructions for this activity can be seen below.

1. In small groups, students discuss the overarching question: What happens to our world if
water becomes a scarcity? Encourage students fo think at a local, national and global level,
and to give reasons for their answers.

2. Ask students to share their responses o these questions. Record students’ answers on the
whiteboard or butchers paper.

3. Pose the next question: If there is a finite supply of water, how should we prioritise its supply?
Students again discuss in small groups. They may wish to consider personal use, farming,
industry and the environment. This discussion could also include the additional question:
Should human need be prioritised over the needs of other living things?

4. Ask students to share their responses to these questions. Record students’ answers on the
whiteboard or butchers paper. Record any questions posed by students on a separate page.
These can be addressed at a later point in the unit.
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5. Pose the following questions to students. Provide students with time to respond to each
question in their small groups before returning to the larger group to share responses. Again,
record student responses on the whiteboard or butchers paper and any questions raised by

students on a separate piece of paper.

¢ As a nation/local community, do you think we place a high value on water? What human

actions tell you this?

e Why do some people choose to disregard the need for water conservation?

¢ Should we need to pay for the water we use? Why/Why not?

6. Keep a record of the responses to display around the room. These can be added or referred to

throughout the unit.

Curriculum Links (Version 8.4)

Science
YEAR 5

Science Inquiry Skills

Communicate ideas, explanations and processes using
scientific representations in a variety of ways, including multi-
modal texts (ACSIS093)

YEAR 6

Science Inquiry Skills

Communicate ideas, explanations and processes using
scientific representations in a variety of ways, including multi-
modal texts (ACSIS110)

YEAR7

Science Understanding

Some of Earth’s resources are renewable, including water that
cycles through the environment, but others are non-renewable
(ACSSUM6)

Science Inquiry Skills

Communicate ideas, findings and evidence based solutions to
problems using scientific language, and representations, using
digital technologies as appropriate (ACSIS133)

YEAR 8

Science Inquiry Skills

Communicate ideas, findings and evidence based solutions to
problems using scientific language, and representations, using
digital technologies as appropriate (ACSIS148)

Geography
YEAR 7

Geographical Knowledge and Understanding

The nature of water scarcity and ways of overcoming it,
including studies drawn from Australia and West Asia and/or
North Africa (ACHGKO040)

General Capabilities

Literacy

Composing texts through speaking, writing and creating

Critical and Creative Thinking

Inquiring - Identifying, exploring and organising information
and ideas

Reflecting on thinking and processes

Personal and Social Capability
Social awareness

Ethical Understanding
Understanding ethical concepts and issues
Reasoning in decision making and actions

Exploring values, rights and responsibilities

Intercultural Understanding

Interacting and empathising with others

Cross-Curriculum Priorities

Sustainability
Sustainable patterns of living rely on the interdependence of
healthy social, economic and ecological systems. (O1.3)

World views that recognise the dependence of living things on
healthy ecosystems, and value diversity and social justice, are
essential for achieving sustainability. (Ol.4)

World views are formed by experiences at personal, local,
national and global levels, and are linked to individual and
community actions for sustainability. (O1.5)
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EXPLORE - EXPLAIN - ELABORATE - EVALUATE

Evaporation Innovation

Teacher Resource

Australia is the world’s driest populated continent, receiving low average annual rainfall that is
both unevenly distributed across the continent and highly variable. The conservation of water is
therefore an important strategy to ensure the effective and sustainable management of water now
and into the future.

Design Challenge

In this activity, students are engineers tasked with developing an innovative solution that will
reduce the rate of evaporation experienced by a local dam, reservoir or weir. Evaporation can result
in the loss of large volumes of water. For instance, Brisbane’s three main water supply reservoirs
(Wivenhoe, North Pine, Somerset) can lose 248 GL/year to evaporation’; this is equivalent to
99,200 Olympic sized swimming pools!

Students may develop their solution for a real or imagined dam, reservoir or weir. Information
related to the surface area, depth, evaporation rate and residential water use of various operational
dams, reservoirs and weirs across Queensland is provided on page 43.

Students then calculate when the chosen site will run out of water, if the water supply source is
currently at capacity and there is no rainfall from this day forward. An example of how students
could complete this question is shown on page 44. After students design and test their solution,

they complete this calculation again to determine if their solution is effective in reducing evaporation.

Innovation Analysis

Following the completion of the design challenge, students may explore how people in design and
technologies fields have responded to similar issues. Students may read about and then analyse
one of the following designed solutions using the Innovation Analysis worksheet:

e Those 96 million black balls in LA’s reservoir are not just there to save water
» Using recycled plastic bottles to reduce evaporation

¢ Floating discs have evaporation covered

1Burn, S. (2011). Future urban water supplies. In Prosser, | (Ed.), Water (pp. 89-104). Australia: CSIRO Publishing.
Retrieved from: https://www.publish.csiro.au/ebook/download/pdf/6557
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Curriculum Links (Version 8.4)

Science
YEAR 5

Science Understanding

Solids, liquids and gases have different observable properties
and behave in different ways (ACSSUQ77)

Science as a Human Endeavour

Science involves testing predictions by gathering data

and using evidence to develop explanations of events and
phenomena and reflects historical and cultural contributions
(ACSHEO81)

Scientific knowledge is used to solve problems and inform
personal and community decisions (ACSHE083)

Science Inquiry Skills

Identify, plan and apply the elements of scientific
investigations to answer questions and solve problems using
equipment and materials safely and identifying potential risks
(ACSIS086)

Decide variables to be changed and measured in fair tests, and
observe measure and record data with accuracy using digital
technologies as appropriate (ACSIS087)

Construct and use a range of representations, including
tables and graphs, to represent and describe observations,
patterns or relationships in data using digital technologies as
appropriate (ACSIS090)

Compare data with predictions and use as evidence in
developing explanations (ACSIS218)

Reflect on and suggest improvements to scienfific
investigations (ACSIS091)

Communicate ideas, explanations and processes using
scientific representations in a variety of ways, including multi-
modal texts (ACSIS093)

YEAR7

Science Understanding

Some of Earth’s resources are renewable, including water that
cycles through the environment, but others are non-renewable
(ACSSUNM6)

Science as a Human Endeavour

Science knowledge can develop through collaboration across
the disciplines of science and the contributions of people from
a range of cultures (ACSHE223)

Solutions to contemporary issues that are found using science
and technology, may impact on other areas of society and may
involve ethical considerations (ACSHE120)

People use science understanding and skills in their
occupations and these have influenced the development of
practices in areas of human activity (ACSHE121)

Science Inquiry Skills

Collaboratively and individually plan and conduct a range
of investigation types, including fieldwork and experiments,
ensuring safety and ethical guidelines are followed (ACSIS125)

Measure and control variables, select equipment appropriate
to the task and collect data with accuracy (ACSIS126)

Construct and use a range of representations, including
graphs, keys and models fo represent and analyse patterns or
relationships in data using digital technologies as appropriate
(ACSIS129)

Summarise data, from students’ own investigations and
secondary sources, and use scientific understanding to
identify relationships and draw conclusions based on evidence
(ACSIS130)

Reflect on scientific investigations including evaluating the
quality of the data collected, and identifying improvements
(ACSIS13D

Communicate ideas, findings and evidence based solutions to

problems using scientific language, and representations, using
digital technologies as appropriate (ACSIS133)

Design and Technologies
YEARS5 & 6

Design and Technologies Knowledge and
Understanding

Examine how people in design and technologies occupations
address competing considerations, including sustainability in
the design of products, services, and environments for current
and future use (CACTDEKO19)

Investigate characteristics and properties of a range of
materials, systems, components, tools and equipment and
evaluate the impact of their use (ACTDEK023)

Design and Technologies Processes and Production
Skills

Critique needs or opportunities for designing, and investigate
materials, components, tools, equipment and processes to
achieve intended designed solutions (ACTDEP024)

Generate, develop and communicate design ideas and
processes for audiences using appropriate technical terms and
graphical representation techniques (ACTDEP025)

Select appropriate materials, components, tools, equipment
and techniques and apply safe procedures to make designed
solutions (ACTDEP026)

Negotiate criteria for success that include sustainability to
evaluate design ideas, processes and solutions (ACTDEP027)
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Curriculum Links (Version 8.4)

YEAR7 &8

Design and Technologies Knowledge and
Understanding

Investigate the ways in which products, services and
environments evolve locally, regionally and globally and how
competing factors including social, ethical and sustainability
considerations are prioritised in the development of
technologies and designed solutions for preferred futures
(ACTDEKO029)

Analyse ways to produce designed solutions through selecting
and combining characteristics and properties of materials,
systems, components, tools and equipment (ACTDEKOQ34)

Design and Technologies Processes and Production
Skills

Critique needs or opportunities for designing and investigate,
analyse and select from a range of materials, components,
tools, equipment and processes to develop design ideas
(ACTDEPO035)

Generate, develop, test and communicate design ideas,
plans and processes for various audiences using appropriate
technical terms and technologies including graphical
representation techniques (ACTDEPO036)

Select and justify choices of materials, components, tools,
equipment and techniques to effectively and safely make
designed solutions (ACTDEPO37)

Independently develop criteria for success to evaluate
design ideas, processes and solutions and their sustainability
(ACTDEPO38)
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General Capabilities

Literacy
Comprehending through listening, reading and viewing

Composing fexts through speaking, writing and creating

Numeracy
Estimating and calculating with whole numbers

Using measurement

ICT Capability
Investigating with ICT
Creating with ICT

Critical and Creative Thinking

Inquiring - Identifying, exploring and organising information
and ideas

Generating ideas, possibilities and actions

Reflecting on thinking and processes

Analysing, synthesising and evaluating reasoning and
procedures

Personal and Social Capability

Social awareness

Social management

Cross Curriculum Priorities
Sustainability

Sustainable futures result from actions designed to preserve
and/or restore the quality and uniqueness of environments
19



Evaporation Innovation

Teacher Resource

Queensland Dams, Reservoirs and Weirs

Note: Approximate figures are used for surface area, depth and residential water use.

Evaporation | Residential
. Surface Depth'
Name City Area’ (md | (m) Rate? water use (per
(mm/year) | person, per day)

Wivenhoe Dam Brisbane 108,000,000 | 59 1600 150L°
Copperlode Falls Dam | Cairns 3,327,000 45 1800 200L3
Chinchilla Weir Chinchilla 3,580,000 9.2 1800 264L*
Fairbairn Dam Emerald 150,000,000 | 46 2000 533L*
Awoonga Dam Gladstone 67,800,000 |53 2000 267L%
Hinze Dam Gold Coast 9,720,000 62 1600 17513
Borumba Dam Gympie 4,800,00 43 1600 184L*
Lenthalls Dam Hervey Bay 7,000,000 32 1600 200L*
Wivenhoe Dam Ipswich 108,000,000 | 59 1400 15013
Wivenhoe Dam Logan 108,000,000 | 59 1600 150L°
Dumbleton Weir Mackay 1,510,000 15 2000 200L°
North Pine Dam Moreton Bay 21,800,000 |45 1600 150L°
Moondarra Dam Mount Isa 21900,000 |275 2800 576L*

Peter Faust Dam Proserpine 43,250,000 |51 1800 670L%
Fitzroy River Barrage | Rockhampton |16,120,000 |10 2000 330L%
Storm King Stanthorpe 830,000 10 1400 213L*

Ewen Maddock Dam | Sunshine Coast | 3,710,000 M4 1600 165L°
Baroon Pocket Dam | Sunshine Coast | 3,820,000 58 1600 165L°
Cressbrook Dam Toowoomba 5170,000 59 1600 170L°
Cooby Creek Toowoomba 3,014,000 30 1600 17013
Perseverance Dam Toowoomba 2,200,000 53 1600 170L°

Ross River Dam Townsville 82,000,000 |34.4 2400 300L°
Leslie Dam Warwick 12,880,000 |33 1600 239L*

(9]

Australian National Committee on Large Dams Incorporated. (2010). Register of large dams in Australia. Retrieved from https:/www.ancold.org.

au/wp-content/uploads/2012/10/Dams-Australia-2010-v1.xls

Bureau of Meteorology. (2003). Average evaporation map — Annual. Retfrieved from http://www.bom.gov.au/climate/map/evaporation/evap_ann.shtml
RACQ. (2016). Cost of living: Utilities. Retrieved from https://www.racq.com.au/-/media/racq/pdf/loans/racq---cost-of-living---utilities.pdf

Queensland Government. (2020). Regional water supply security assessments. Retrieved from https://www.business.qld.gov.au/industries/mining-
energy-water/water/industry-infrastructure/supply-planning/security/security-assessments
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Evaporation Innovation

Teacher Resource

Calculating Water Loss

To calculate when the dam will run out of water, you will need to:

1

Calculate the total capacity of the dam using the formula:

Dam Capacity = Surface Area x Depth x 0.4

Note: 0.4 is a conversion factor that takes into account the slopes of a side of a dam.
Calculate the evaporation experienced by the dam each day using the formula:

Dam Evaporation = Surface Area x Evaporation Rate

Hint: Be sure to use the same unit of measurement for surface area and evaporation rate.
Calculate how much water the town’s population uses per day in litres.

Convert this amount from litres to mega litres.

Calculate total water loss/day based on population use and evaporation rate.

5. Calculate how long it will take for the dam to run out of water using the formula:

Time taken to run out of water = Dam Capacity + Total Water Loss/day

Example Response

1.

Calculate the total capacity of the dam.

Molong Reservoir, Orange

Dam Capacity = Surface Area x Depth x 0.4
= 300,000 m*x 16 m x 0.4
= 1,920,000 m*
=1920 ML

Calculate the evaporation experienced by the dam each day.

Average Evaporatfion Rate =1400 mm/year
= 1400 mm + 365
= 3.8 mm/day

Dam Evaporation = Surface Area x Evaporation Rate
= 300,000 m? x 0.0038 m
=140 m’
=114 ML



3. Calculate how much water the town’s population uses per day in litres.
Convert this amount from litres to mega litres.

Molong population = 1674 people

Total Molong residential water use/day =133 L x 1674
=222,642 L
=022 ML

4. Calculate total water loss/day based on population use and evaporation rate.

Total water loss/day =0.22 ML + 114 ML
=136 ML

5. Calculate how long it will take for the dam to run out of water.

Time taken to run out of water = Dam Capacity + Total Water Loss/day
=1920 ML + 1.36 ML
= 1411.76 days

= 3.87 years
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Evaporation Innovation: Design Challenge
Student Activity

Task:

A regional council has selected your engineering company fo design a solution that will reduce
the rate of evaporation currently experienced by their local dam. The regional council is located
in a drought prone area, and by engaging your engineering company they hope to conserve the
amount of water available for use by the community and local industry. You will present your final
solution to representatives from the regional council (your class and teacher).

You must:

» Investigate the local context and factors that may influence the rate of evaporation. Develop
criteria that solutions would need to meet to successfully address the problem (success
criteria).

« Design an innovative solution that will reduce the rate of evaporation experienced by the dam.
During the design process, you should consider:

o0 Success criteria

o Materials, systems, components, tools and equipment, including their characteristics,
properties and cost

o The impacts your solution will have in relation to sustainability and the environment

» Create a prototype of your designed solution.

» Test your designed solution by conducting a scientific investigation. How well does your design
reduce evaporation? Evaluate your results against the success criteria.

* Refine your designed solution to further reduce the rate of evaporation. Repeat your scientific
investigation to determine the impacts of any changes made to your design.

« Evaluate your designed solution continuously against the success criteria, and make changes
to improve the design.

» Collaborate in feams of two or three and pitch your final designed solution to the regional
council. You may also be required to evaluate social interactions to effectively work in a team.

Refine Design

! Create
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Investigate

The regional council (your teacher) has supplied the following information about the local dam.

Surface area (m?)

Depth (m)

Evaporation rate
(mm/year)

Residential water use
(per person, per day)

Use this information to calculate when the dam will run out of water, if the dam is currently at
capacity and there is no rainfall from this day forward. Remember to include your working out,
as this will help to explain your thinking and support your conclusion.

Keep in mind: Your designed solution should increase this amount of time by decreasing the rate
of evaporation experienced by the dam.
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What other factors may influence the rate of evaporation experienced by the local dam? Identify
these factors and explain how they may increase or decrease the rate of evaporation.

Factor Effect on rate of evaporation

Develop criteria your designed solution would need to meet to successfully address the problem
(success criteria).
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Design

Draw a labelled diagram of your designed solution. Make sure you identify and justify the materials
you will use to create the solution, and explain and justify reasons for your design.
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Create

Create a prototype of your designed solution.

Test

Conduct a scientific investigation to test the effectiveness of your designed solution.
Aim

To investigate how effective the designed solution is in reducing the rate of evaporation.
Materials

List all of the equipment you will use in the experiment. Remember to include numbers and amounts.

Method

List the steps you will take to conduct the experiment.
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Risk Assessment

What safety considerations must be made before, during and after this experiment? Identify at
least five hazards and how to minimise them.

Hazard How to minimise hazard

Results

1. Record your results in a table (you may wish to use Excel for the table and graph).
2. Present your results in a graph.

3. Calculate the average rate of evaporation per day for the control test and your designed solution.

Control Test Designed Solution
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4, Use the average rate of evaporation per day for your designed solution to recalculate when the
dam will run out of water, if the dam is currently at capacity and there is no rainfall from this
day forward.

Discussion

1. Explain the results.
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2. Justify the effectiveness of your designed solution in reducing the rate of evaporation.
Consider your previous calculations and success criteria in your response.

3. Explain any challenges you experienced when completing this investigation, and how you did
or could overcome them.

4., Determine how you could improve the investigation.

5. Discuss how you could refine your designed solution fo increase its effectiveness.

QUEENSLAND MUSEUM | FUTURE MAKERS TEACHER RESOURCE | WATER MATTERS

53



Refine

Modify your designed solution based on the ideas discussed in the previous question. Repeat the
scientific investigation to determine the impacts of any changes made to your design.

Explain and evaluate the impact of these modifications.

Present your final designed solution to the regional council.

Evaluate

Reflect on your actions with your team or class after you have completed the design challenge.
You might like to think about the following questions to assist with your reflection:

* What scientific knowledge helped you make decisions about your designed solution?
* What aspects of your designed solution are you very satisfied with and why?
e Describe any further changes you could make to improve the designed solution.

* What were the main challenges you experienced during the design process? How did you
overcome these challenges?

* What have you learnt about evaporation and the design process from this activity?
¢ How could you apply this knowledge and understanding to your learning in other contexts?

e What more would we like to know about evaporation?
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Evaporation Innovation: Innovation Analysis
Student Activity

Innovation Analysis

Research and select an innovation that has been designed to reduce evaporation. Describe the
innovation. Include in your description what the innovation is, how it is made and how or where it is
likely to be used by people.

Explain how the innovation reduces evaporation.

Evaluate the sustainability implications of the innovation. Consider the materials, techniques and
technologies used to make the innovation.

Evaluate the impacts of the innovation on society. Consider any ethical impacts, as well as impacts
at a local, regional and global scale.
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EXPLAIN - ELABORATE - EVALUATE

Changing Climates, Changing Waters

Teacher Resource

"Climate change is no longer a threat in the distant future. It is here now and we need to adapt to
the challenges it brings."

There is no doubt that our climate is changing. We are observing an increase in global air and
ocean temperatures, rising global sea levels, more frequent and intense extreme weather events,
and changing rainfall patterns. The impacts of climate change pose significant risks to human
and natural systems. It is now becoming critical to devise and implement measures that will

help manage and reduce risks associated with the adverse effects of a changing climate; this is
occurring at a global, national and state level.

Museums, including Queensland Museum, also recognise the role they play in addressing the

impacts of climate change on biodiversity. Queensland Museum is committed to investigating how
species are being affected by changing climates, providing conservation advice based on scientific
expertise, research and data, and increasing public engagement and awareness of climate change.

In this activity, students apply their knowledge and understanding of the water cycle to a new
context: climate change.

Climate change is influencing when, where and how much precipitation falls across the globe; some
regions are becoming wetter, while other regions are becoming drier. Warming air and sea surface
temperatures are increasing the rate of evaporation from the land and oceans. This, coupled with
a warming atmosphere that can hold more water vapour, is resulting in more frequent and intense
precipitation events® An increased risk of flooding is also associated with a changing water cycle.
More frequent and intense rainfall may overwhelm a catchment’s ability to absorb water, resulting
in increased runoff that may culminate in a flooding event. Increased runoff can also threaten the
health of our waterways, with excess sediment, nutrients and contaminants affecting water quality
and biodiversity. In contrast, other regions are likely to experience worsening drought conditions,
where an increase in air temperature, more frequent hot days and a decline in rainfall will
exacerbate water loss from plants and soil*. These conditions pose significant risks to biodiversity,
ecosystems, human health, urban water supplies, infrastructure, and industry and business.

In this activity, students adopt the role of climate scientists. They will work in groups of three to:
» Determine how climate change will affect the water cycle.

 Identify the likely impacts of these changes.

¢ Develop a designed solution that will minimise the impacts of these changes.

You may ask your students to conduct online research to assist the completion of this activity.

1 Kammila, S. (2019). Forward-thinking adaptation. Retrieved from https://www.adaptation-undp.org/forward-thinking-adaptation

2 The Climate Council of Australia. (2018). Deluge and drought: Australia’s water security in a changing climate. Retrieved from
https://www.climatecouncil.org.au/resources/water-security-report/

3 Gray, E., & Merzdorf, J. (2019). Earth’s freshwater future: Extremes of flood and drought. Retrieved from https://climate.nasa.gov/news/2881/
earths-freshwater-future-extremes-of-flood-and-drought/

4 CSIRO & BoM. (2016). Climate change in Australia: Projections technical report. Retrieved from https://www.climatechangeinaustralia.gov.au/en/
publications-library/technical-report/
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Curriculum Links (Version 8.4)

Science
YEAR 7

Science Understanding

Some of Earth’s resources are renewable, including water that
cycles through the environment, but others are non-renewable
(ACSSUM6)

Science as a Human Endeavour

Scientific knowledge has changed peoples’ understanding of the
world and is refined as new evidence becomes available (ACSHE119)

Solutions to contemporary issues that are found using science
and technology, may impact on other areas of society and may
involve ethical considerations (ACSHE120)

Science Inquiry Skills

Identify questions and problems that can be investigated
scientifically and make predictions based on scientific
knowledge (ACSIS124)

Summarise data, from students’ own investigations and
secondary sources, and use scientific understanding fo identify
relationships and draw conclusions based on evidence (ACSIS130)

Communicate ideas, findings and evidence based solutions to
problems using scientific language, and representations, using
digital fechnologies as appropriate (ACSIS133)

Design and Technologies
YEAR7 &8

Design and Technologies: Knowledge and
Understanding

Investigate the ways in which products, services and
environments evolve locally, regionally and globally and how
competing factors including social, ethical and sustainability
considerations are prioritised in the development of technologies
and designed solutions for preferred futures (ACTDEK029)

Analyse ways to produce designed solutions through selecting
and combining characteristics and properties of materials,
systems, components, tools and equipment (ACTDEKO034)

Design and Technologies: Processes and
Production Skills

Critique needs or opportunities for designing and investigate,
analyse and select from a range of materials, components, tools,
equipment and processes to develop design ideas (ACTDEPO35)

Generate, develop, test and communicate design ideas,
plans and processes for various audiences using appropriate
technical terms and technologies including graphical
representation techniques (ACTDEPO036)

Select and justify choices of materials, components, tools,
equipment and techniques to effectively and safely make
designed solutions (ACTDEP037)

Independently develop criteria for success fo evaluate design ideas,
processes and solutions and their sustainability (ACTDEPO38)

YEAR @ & 10

Design and Technologies: Knowledge
and Understanding

Crifically analyse factors, including social, ethical and
sustainability considerations, that impact on designed
solutions for global preferred futures and the complex design
and production processes involved (ACTDEK040)

Explain how products, services and environments evolve with
consideration of preferred futures and the impact of emerging
technologies on design decisions (ACTDEKO41)

Investigate and make judgements on how the characteristics
and properties of materials, systems, components, tools and
equipment can be combined to create designed solutions
(ACTDEKO046)

Design and Technologies: Processes and
Production Skills

Critique needs or opportunities to develop design briefs and
investigate and select an increasingly sophisticated range
of materials, systems, components, tools and equipment to
develop design ideas (ACTDEPO48)

Develop, modify and communicate design ideas by applying
design thinking, creativity, innovation and enterprise skills of
increasing sophistication (ACTDEPO049)

Work flexibly to effectively and safely test, select, justify and
use appropriate technologies and processes to make designed
solutions (ACTDEPO50)

Evaluate design ideas, processes and solutions against
comprehensive criteria for success recognising the need for
sustainability (ACTDEPO51)

Geography
YEAR 7

Geographical Knowledge and Understanding

The way that flows of water connects places as it moves through
the environment and the way this affects places (ACHGK038)

Geographical Inquiry and Skills

Present findings, arguments and ideas in a range of
communication forms selected to suit a particular audience
and purpose; using geographical terminology and digital
technologies as appropriate (ACHGS053)
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Curriculum Links (Version 8.4)

General Capabilities

Literacy

Comprehending texts through listening, reading and viewing
Composing texts through speaking, writing and creating
Word knowledge

Information and Communication Technology
Investigating with ICT
Creating with ICT

Critical and Creative Thinking

Inquiring - Identifying, exploring and organising information
and ideas

Generating ideas, possibilities and actions

Analysing, synthesising and evaluating reasoning and procedures
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Cross Curriculum Priorities

Sustainability

The sustainability of ecological, social and economic systems
is achieved through informed individual and community
action that values local and global equity and fairness across
generations into the future. (01.6)

Actions for a more sustainable future reflect values of care,
respect and responsibility, and require us to explore and
understand environments. (OL.7)

Designing action for sustainability requires an evaluation of
past practices, the assessment of scientific and technological
developments, and balanced judgements based on projected
future economic, social and environmental impacts. (O1.8)

Sustainable futures result from actions designed to preserve and/

or restore the quality and uniqueness of environments. (01.9)



Changing Climates, Changing Waters

Student Activity

One of the biggest environmental challenges to face Queensland (and the world) is climate change.
Human societies and natural environments are already experiencing its impacts. Amongst other
changes, we are observing higher temperatures, hotter and more frequent hot days, warmer and
more acidic oceans, rising sea levels, harsher fire weather and more drought. These changes are
expected to continue and intensify in the future if greenhouse gas emissions are not reduced.

AS QUEENSLAND’S CLIMATE CHANGES, WE CAN EXPECT:

Rising sea level

Sea level is projected to
rise by about 0.8m above
present day levels by 2100

&

Fewer frosts
A substantial decrease in
the frequency of frost risk
days is projected by 2070

More intense
rainfall events

High wariability in rainfall
will continue. The intensity
of heavy rainfall events is
likely to increase

Higher temperatures
Maximum, minimum and average
temperatures ane projected to
continue to rise

More drought ﬁ

By late this century, under a high emissions

Hotter and more __\.(__
frequent hot days

There is likely 1o be 3
substantial increase in the
temperature reached on the
hottest days, and an increase in
the frequency of hot days and
the duration of warm spells

Warmer and more
acidic ocean

Sea surface temperatures
are expected to increase
and the ocean will
become mone acidic -

More frequent sea
level extremes

Higher sea levels will increase
the risks of coastal hazards
such as storm tide inundation

Harsher fire weather @f

Climate change is Dkely to result in
harsher fire weather in the future,
reflecting fuel dnmness and hot, dry,

scenario, it is likely that the south of the state

g AT windy conditions
will experience more time in drought

How Queensland’s environment is predicted to change with climate change. Image: The State of Queensland 2017.

Our changing climate is also affecting how water cycles through the environment, influencing both
water quantity (too little and too much) and water quality.
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Taking Action: Designing Solutions

You are a climate scienftist, specialising in the impact of climate change on the availability of water.
The State Government has asked you and two of your colleagues, who are also climate scientists,
to provide advice on how climate change will affect the water cycle and how we can best protect
our ecosystems and communities from these changes.

In order to respond to the government’s request, you must:

» Determine how climate change will affect the water cycle;
 Identify the likely impacts of these changes; and,

¢ Develop a designed solution that will minimise the impacts of these changes.

Part A: Climate Change and the Water Cycle

Justify how climate change may affect each stage of the water cycle. Record your thoughts below,
and then represent these changes in the diagram on the following page.

Your teacher may ask you to conduct online research to complete this task.
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Our Changing Water Cycle
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Part B: Impacts

Select one change to investigate further. Justify the impact this change may have on ecosystems,
communities and industry, and explain how this change may affect the quantity and quality of
water. Your teacher may ask you to conduct online research to complete this task.

Ecosystems Communities Industry

Water cycle change:

How will this change affect the QUANTITY of | How will this change affect the QUALITY of
water? water?
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Part C: Designed Solutions

Develop a designed solution that will minimise the impacts of this change on ecosystems,
communities or industry. You will present your final solution to representatives from the State
Government (your class and teacher).

You must:

Investigate current solutions to improve this problem. Critique two current solutions by
conducting a SWOT analysis. To complete the SWOT analysis, you will need to consider:

o What are the best aspects of the solution? (Strengths)

o What will not work so well with the solution? (Weaknesses)

o What might you do differently if you designed the solution? (Opportunities)
o What potential problems are there with the solution? (Threats)

Develop criteria that solutions would need to meet in order to successfully improve the problem
(success criteria).

Design an innovative solution that will minimise the impacts of the water cycle change on
ecosystems, communities or industry. During the design process, you should consider:

o Success criteria

o Materials, systems, components, tools and equipment, including their characteristics and
properties

o Ethical, economic, environmental and/or social sustainability factors and impacts
Create a prototype of your solution.

Test your designed solution and evaluate it against the success criteria.

Refine your designed solution o better solve the problem and meet the success criteria.

Evaluate the designed solution continuously against the success criteria, and make changes to
improve the design.

Collaborate with your tfeam members, pitch your design and respond to feedback from other
teams. You may also be required to evaluate social interactions to effectively work in a team.

Refine Design

Evaluate Collaborate

Q

. N

Create
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Taking Action: Queensland Museum

Museums play a critical role in describing and conserving our natural history, and consequently can
provide a unique insight into how climate change is affecting our biodiversity.

Queensland Museum collections and research demonstrate how species respond and adapt

to climate change. Our collections provide information about changes in the population and
distribution of species over fime; the research of our scientists helps us to better understand how
species are being affected by and are responding to changing climates.

A Chat with Dr Paul Oliver, Senior Curator of Mammals and Birds, Queensland Museum

Paul is the Senior Curator of Mammals and Birds at Queensland Museum. Learn about how Paul’s
research demonstrates the effects of changing climates below.

¢ How did you become interested in your field of study?

The diversity and story of life on Earth simply blows my mind. | am a Systematist and
Biogeographer; basically, this means | document the world’s biological diversity (by discovering
and naming new species), and | try to understand the processes that have shaped this diversity
(by exploring why animals live where they do).

e What is your favourite part of your work?

Richard Dawkins, a famous British
evolutionary biologist, once described
evolution and biodiversity as, ‘The greatest
show on Earth. And he was right. My job

is to document and tell little tiny portions

of a story that spans millions of species

and billions of years. It is truly a privilege

to be able to document completely new
species, and then to try and understand the
remarkable confluence of environmental and
biological processes that have shaped them.
Hopefully this information also inspires and
informs efforts to conserve biodiversity.

Dr Paul Oliver, working in the field.
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Describe some of the projects you are currently working on.

| am working on a lot of things, to say the least. In ferms of climate change, one of my big foci
is trying fo use genetic information to understand how species have responded to past climatic
changes, especially across the rainforests and open woodlands of eastern Queensland.

Paul has been investigating how the animals and environments of central Queensland have responded to environmental change. Through this
research, Paul has discovered that the distribution of the Brigalow Scaly-foot legless gecko (Paradelma orientalis) (left) has changed over time
in response to climate change and the clearing of vegetation in the Brigalow Belt (right). Images: © Steve K Wilson.

Why did you decide to undertake these projects?

Climates have cooled and warmed over past glacial cycles. Understanding how animals
have been affected by these past changes is potentially really important for predicting the
consequences of the rapid climatic change we are currently experiencing.

It is important here to emphasise that while the climate has changed for other reasons in the
past, there is no doubt that the warming of over one degree we have seen over the last century
is due to the greenhouse gases we have been pumping out into the atmosphere. Scientists

can show a clear link between past climate change and the amount of carbon dioxide in the
atmosphere; the source of the increase in carbon dioxide in the atmosphere over the last
century is unequivocally people.

What have you learnt from these projects?

To be honest, the results of this work are deeply concerning. Lots of populations of animals

and plants seem to have responded to past climatic change in a very dynamic way, with major
expansions and contractions over hundreds or even thousands of kilometres of Queensland.
However, the 2 - 3 degrees of warming we are expecting to see in my lifetime will be devastating
for both biodiversity and the biological systems that sustain our society. The current climate

is heading in a direction that most species have not previously experienced. Many species

will simply have nowhere to retreat to as the climate warms; and for some of these species,
pathways for dispersal info new habitats have already been decimated by human activities. It

is clear that if we continue on current trends, the already high rate of species extinction we are
currently experiencing is likely to increase significantly in the coming decades.
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What actions do you take to reduce your carbon footprint?

We live in a society that is based around burning carbon-based fuels. This means we all have
opportunities to reduce our carbon footprint. | drive a small car (as little as possible) and

pay extra for electricity generated from renewable zero-carbon sources. My family try to buy
food that has a lower carbon footprint. When voting, | pay a lot of attention to climate change
policies, but also try to look for realistic pathways to transition away from carbon intensive
industries. | am also increasingly reluctant to travel overseas or fly generally, and if | do, try and
make the most of each trip, rather than having lots of short trips.

What would you recommend for students who would like to work in a similar field?

Be flexible and adaptable; it is highly unlikely that the pathway | took to get my job will be the
same pathway that people take in 10 years’ time. It is not even clear that jobs like mine will exist.
The rate at which the economy and society is changing is unprecedented, and many of the

key opportunities and challenges which are going o emerge over the next few years may not
even be apparent now. All | can say is that if you think something is important and you want to
do it, you are going to need fo present clear arguments as to why it needs to be done, and get
creative about seeking support to do it. | would also emphasise that education matters. Having
a good education and a broad and considered worldview is critical to effectively addressing
many of the key challenges we face.

What actions could you take to reduce your carbon footprint? Record your thoughts and ideas below.
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A Chat with Dr Michael Rix, Principal Curator (Arachnology) and Head of Terrestrial
Biodiversity, Queensland Museum

How did you become interested in your field of study?

| first became inferested in spiders at the age of 10, when | saw what | thought to be an ant

in some bushland near Brisbane. | realised it was not an ant when it looked up at me, and

then abseiled down to a leaf on a line of silk! What | had found was actually an Anf-Mimicking
Jumping Spider and from that moment on | was hooked! | soon discovered that spiders were
endlessly fascinating, poorly known and terribly misunderstood, and | decided by about the age
of 12 that | wanted to pursue a scientific career in arachnology. I've never looked back since!

Master of deception: an Ant-Mimicking Jumping Spider (genus Myrmarachne). Image: Caitlin Henderson.

What is your favourite part of your work?

As a spider taxonomist (someone who classifies and names new species) and evolutionary
biologist (someone who studies the evolution of those species), the part of my work that |

love the most is the process of discovery. Discovering species which are new to science never
gets old, and in Australia, we have lots of new and amazing invertebrate species needing to be
discovered and described. Indeed, some of my career-favourite moments have been those times
in the field where | have encountered an especially exciting, rare or important species. But the
process of discovery does not end in the field; back in the lab, when we do our scientific work,
we can make other exciting discoveries as a result of careful research or astute observation. In
the end, discovering new things is what science is all about, and | love it!

Describe some of the projects you are currently working on.

| have a number of research projects that | am currently working on, most of them related

to a real passion of mine — Australia’s trapdoor spiders. Australia is home to lots of amazing
trapdoor spiders, and remarkably, the vast majority of these are scienfifically undescribed; that
is, they don’t have a proper scientific name and are in most cases completely unstudied.

Trapdoor spiders are amazing animals in their own right, and are incredibly important predators
in our rainforests, eucalypt forests and inland desert ecosystems. Some can even live to over 40
years of age in the wild! Trapdoor spiders are also excellent indicator species for the health of
the environment, especially in the face of climate change and environmental degradation.
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Michael studying trapdoor spiders in the field. He spends a lot of time looking at the ground! Image: Alan Rix.

My main taxonomic project at present is all about a particular group of trapdoor spiders that live
in Queensland’s rainforests. These are commonly called Eastern Wishbone Spiders, and belong to
the genus Namea. Only 15 species are currently described, but the Queensland Museum collection
has specimens of many more additional species, and it is my job to name these.

Eastern Wishbone Spiders are really interesting animals. Unlike most trapdoor spiders, they
don’t build a little door at the entrance to their underground burrows and they are almost
entirely restricted to rainforests. Because Australia’s rainforests are themselves now only found
in certain special places (usually the tops of mountains), some species of Namea have extremely
small natural ranges. For these sorts of rare species, their continued survival requires first
naming them (so that we know what they are), and then protecting the rainforests in which they
live. In this respect, the process of taxonomy (i.e. naming species) has a crucial role to play in
our efforts to also conserve biodiversity for future generations.

Unfortunately, rainforest organisms are among the most at risk from environmental changes
resulting from climate change, especially those species with extremely small natural distributions
and/or very specific habitat preferences. The recent fires during the ‘black summer’ of 2019/20
were a case in point: vast areas of rainforest burnt during this period, and it is still unclear just how
big an impact these fires had on restricted invertebrates such as trapdoor spiders. To address this
question, my colleagues and | are currently combining our taxonomic research (to ascertain what
the species are, and where they are found), with detailed ecological field surveys (to ascertain
where in the environment they can continue to survive, post-fire).

Two species of Eastern Wishbone Spider of the genus Namea. These spiders are at home in Queensland’s tropical and subtropical rainforests.
Images: Michael Rix.



A second project that | am currently working on concerns another group of trapdoor spiders,
members of the genus Aname, which are more at home in Australia’s inland deserts. These
spiders also live in open-holed burrows, and like Namea, the vast majority of Aname species

are still scientifically undescribed. However, our aim in this project is to try and understand how
Australia’s arid zone has evolved over time by studying the spiders that live there. This is a field
known broadly as ‘biogeography’.

Two species of Aname from inland Australia. These spiders are at home in Australia’s driest and hottest environments. Images: Michael Rix.

For our project, we have used genetic information from the spiders to try and understand when
and where different groups of species evolved over time, and how these patterns correlate to
past climatic changes (e.g. the Australian arid zone only formed relatively recently, in response
to successive phases of severe climatic aridification). This information then provides a ‘window’
into the past.

Indeed, the genes of all species (including ourselves) can tell scientists a lot about the
evolutionary process, and museum scientists now use genetic information routinely to help
them understand the species they work on. In the case of studying the evolutionary history

of species from the arid zone, we learn about how the Australian fauna has adapted to past
climatic shifts, which in turn can help us to understand how current climatic changes may drive
future biotic change.

Why did you decide to undertake these projects?

Biodiversity amazes and inspires me, as planet Earth is still the only place in the universe

we know of with organic life. And tfoday we are all surrounded by a myriad of species which
have evolved over millions of years. Understanding the origins of that biological diversity, and
therefore generating the scientific information we need to conserve it for future generations
in the face of unprecedented environmental change, is what drives me to do my research.
However, | am also genuinely fascinated by the spiders themselves, and their role in the
environment. Australia is home to remarkable spider fauna, and it is a privilege to be able to
study them (and hopefully also help preserve them).

What have you learnt from these projects?

Studying the natural world is endlessly fascinating, and it never ceases to amaze me just how
much we still have to learn about biodiversity. Australia itself is one of the most biodiverse
countries on Earth, and over the last 10 years we have begun to realise just how remarkably
diverse the Australian tfrapdoor spider fauna really are. Indeed, these projects have now
revealed several hundred new and undescribed species in Australia.
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For example, in Queensland, we have known for a long time that our rainforests are special
places - cradles of biodiversity - and working on Eastern Wishbone Spiders has shown yet
again that these rainforest habitats are home to numerous species found nowhere else. The
job of discovering and describing these species is not an easy one, but it is essential that we
understand what wildlife we are protecting in our national parks and native forests. In essence,
if we do not know what lives in the environment, we cannot hope to prevent future extinctions.

Searching for trapdoor spiders in rainforest at Mount Glorious. Image: Peter Wallis.

With our genetic work on Aname, we have also discovered that the inland arid zone is far more
interesting and diverse than it looks. As the Australian deserts formed over millions of years,
trapdoor spiders moved into these habitats, where they then diversified and evolved into the
species we see today. Places like the Pilbara and ‘Wheatbelt’ in Western Australia, and the
Eyre Peninsula of South Australia, are home to an amazing diversity of arid-adapted ftrapdoor
spiders, living out their lives in some of the harshest of environments.

However, some trapdoor spiders have a trick up their sleeves... they can burrow, deep
underground, thereby avoiding the worst of conditions on the surface. Here they can spend
decades, living for long periods with only small amounts of food. In this respect, in the face of
severe climatic change, arid zone trapdoor spiders may be more adaptable and better survivors
than their rainforest relatives. But we have also discovered that arid zone species are declining
due to other factors, e.g. land clearing, grazing and dryland salinity. So, while they are indeed
great survivors, they teach us that climate change and environmental destruction caused by
humans are two sides of the same coin. For biodiversity to survive long-term, we must protect
species, their habitats and Earth’s climate system.



o What actions do you take to reduce your carbon footprint?

As a biologist, | see the effects of climate change and environmental degradation all too clearly
as part of my own research. In our family, we work hard to reduce our overall carbon footprint
as much as possible, by recycling all of our soft plastics (through REDCycle), using a bokashi bin
composting system for most of our food waste and growing our own vegetables. We also have
solar panels on our roof to reduce our energy consumption, and we recently invested in building
a new home which is designed to be as energy efficient as possible. Whenever we can, we also
buy local and organic groceries, and | travel to and from the Museum on public transport as
much as possible. It’s not easy reducing one’s carbon footprint, but it is important.

¢ What would you recommend for students who would like to work in a similar field?

In my view, there has never been a more important time to be a biologist. The threats to our
natural world are significant, and we therefore need dedicated, passionate young scientists to
help understand and conserve our biodiversity for future generations.

For students who are interested in a career in the natural sciences, my advice would be — what
are you waiting for?! All of us can be students of science in our own right, and the best way to
appreciate and learn about biodiversity is to immerse yourself in nature; by getting out infto our
stunning natural environments, by observing animals and plants up close, by reading amazing
natural history books and reference guides, and by seeking out extra information online. This is
the best preparation you could wish for prior to formal study.

For those specifically interested in a career in faxonomy or evolutionary biology, the same rules
apply: get out into nature, launch yourself into your studies and never look back. A scientific
career can be a hard slog and requires lengthy study (which never really ends), but it is
undoubtedly worth it.

What surprised or fascinated you the most about Michael’s research? Record your thoughts and
ideas below.
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Watery Reflections: Community of Inquiry

Teacher Resource

In this activity, students participate in a community of inquiry to review and reflect on learning
and new understandings and skills. This process provides students with an opportunity to reach a
deep, shared understanding of the concepts and issues underpinning the inquiry topic.

The community of inquiry is a structured, dialogic process that requires participants to ask open
inquiry questions, listen and think, share ideas and consider alternative viewpoints. Problematic
issues and concepts are discussed collaboratively within a supportive learning environment where
all views are considered and respected. Reflecting on thinking is integral to the process.

The following engagement protocols are used during the community of inquiry process, and these
should be included on the walls for all students to see.

e Listen attentively

e Build on and connect ideas

* Respect self, others and place

o Disagree reasonably and respectfully

e There may be many responses considered to be correct
Detailed step-by-step instructions for this activity can be seen below.

1. In small groups, students discuss the question: How did you think ethically and fairly in your
designs? Encourage students to give reasons for their answers.

2. Ask students to share their responses to this question. Record students’ answers on the
whiteboard or butchers paper.

3. Pose the next question: What could you as a community/individual do to encourage people
to care about water conservation? Students discuss the question in small groups.

4. Ask students to share their response to this question. Record students’ answers on the
whiteboard or butchers paper.

5. Pose the final question: What actions could you as individuals/members of a community
take in response to your new learning?

6. Ask students to share their response to this question. Record students’ answers on the
whiteboard or butchers paper.

72



Curriculum Links (Version 8.4)

Science
YEAR 5

Science as a Human Endeavour

Scientific knowledge is used to solve problems and inform
personal and community decisions (ACSHEO083)
Science Inquiry Skills

Communicate ideas, explanations and processes using scientific
representations in a variety of ways, including multi-modal texts
(ACSIS093)

YEAR 6

Science as a Human Endeavour

Scientific knowledge is used to solve problems and inform
personal and community decisions (ACSHE100)
Science Inquiry Skills

Communicate ideas, explanations and processes using scientific
representations in a variety of ways, including multi-modal texts
(ACSIS110)

YEAR7

Science Understanding

Some of Earth’s resources are renewable, including water that
cycles through the environment, but others are non-renewable
(ACSSUM16)

Science as a Human Endeavour

Solutions to contemporary issues that are found using science
and technology, may impact on other areas of society and may
involve ethical considerations (ACSHE120)

Science Inquiry Skills

Communicate ideas, findings and evidence based solutions to
problems using scientific language, and representations, using
digital fechnologies as appropriate (ACSIS133)

YEAR 8

Science as a Human Endeavour

Solutions to contemporary issues that are found using science
and technology, may impact on other areas of society and may
involve ethical considerations (ACSHE135)

Science Inquiry Skills

Communicate ideas, findings and evidence based solutions to
problems using scientific language, and representations, using
digital technologies as appropriate (ACSIS148)

Geography
YEAR 7

Geographical Knowledge and Understanding

The nature of water scarcity and ways of overcoming it, including
studies drawn from Australia and West Asia and/or North Africa
(ACHGKO040)

General Capabilities

Literacy
Composing texts through speaking, writing and creating

Critical and Creative Thinking

Inquiring - Identifying, exploring and organising information
and ideas

Generate ideas, possibilities and actions
Reflecting on thinking and processes

Personal and Social Capability
Social awareness

Ethical Understanding
Understanding ethical concepts and issues
Reasoning in decision making and actions
Exploring values, rights and responsibilities

Intercultural Understanding

Interacting and empathising with others

Cross-Curriculum Priorities

Sustainability

The sustainability of ecological, social and economic systems is
achieved through informed individual and community action that
values local and global equity and fairness across generations
into the future. (O1.6)

Actions for a more sustainable future reflect values of care,
respect and responsibility, and require us to explore and
understand environments. (Ol.7)

Designing action for sustainability requires an evaluation of
past practices, the assessment of scientific and technological
developments, and balanced judgements based on projected
future economic, social and environmental impacts. (OI.8)

Sustainable futures result from actions designed to preserve and/
or restore the quality and uniqueness of environments. (019)
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