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Saltwater crocs: resourceful or a resource?  
[image: ]Please refer to the online lesson plan on the DT Hub to access all website links and additional resources. 
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2015 Crocodile Survey results plotted on Google Maps
Map data © 2019 Google

DT + SCIENCE AND MATHEMATICS, Cross-Curriculum priorities

YEARS 5–7

Prior to the 1970s, estuarine crocodiles were hunted extensively for their skins — as a result their number were drastically reduced. After three decades of unregulated hunting, numbers across the Kimberley and the Northern Territory (NT) fell to less than 8000 individuals. Scientists have been collecting data to assess the distribution and abundance of crocodiles to gain an understanding of the extent to which the populations are recovering. 

Representing the Traditional owners of north-west Australia, the Kimberley Ranger Network provides the frontline in current management practices in the region. Using a combination of traditional knowledge, Western science and modern technologies to improve marine conservation and management outcomes, the Rangers are tasked with protecting the unique biodiversity values of this beautiful region. 

This lesson focuses on the analysis of a dataset that records scientific data collected about the crocodile population in the Kimberley region during 2015. The lesson follows an inquiry process where students use the dataset to answer relevant questions about the crocodile population. It also provides an opportunity for students to learn about Aboriginal and Torres Strait Islander histories and cultures, and sustainability. 

This lesson was created and developed in partnership with Pawsey Supercomputing Centre and Western Australian Marine Science Institution (WAMSI) Kimberley Marine Research Program. 

Saltwater crocodile data sourced from Western Australian Marine Science Institution (WAMSI) project funded by Western Australian State Government and research partners. Data licensed under the Creative Commons BY-NC-SA 2.5 AU licence.


Keywords: Data science, Dataset, Fauna data, Crocodiles, STEM, Science, Scientific method, Higher order thinking, Spreadsheets, Data representation, Data analysis, Data visualisation, Mapping, Latitude, Longitude, Google maps, Excel, Numbers, Cross-curriculum priorities, sustainability, Aboriginal and Torres Strait Islander, Country, Peoples, Culture

Learning intentions
Use relevant techniques to clean up data (eg remove blank rows)
Save, store and use CSV files
Visualise data using mapping software such as Google Maps, using latitude and longitude data
Use spreadsheeting software to sort and filter data to help answer inquiry questions
Analyse data and look for patterns
Create graphs such as a bar graph to present data 
Select the most suitable graphing format to visualise and present data
Use higher order thinking skills (interpreting, analysis, inferring, summarising, evaluating)  
Understand the scientific method used to survey crocodile populations  
Convert between feet and metres (dataset contains metric and imperial measurements)
Suggested steps

Use a relevant hook to engage students to discover more about saltwater crocodiles. You could introduce a dilemma to encourage students to consider a range of issues and concerns where they need to balance social, ethical, economic, conservation and cultural perspectives. In the student task we have used the dilemma: ‘Should crocodile trophy hunting be permitted in the Kimberley?’ 
[image: ]

Girls in Focus: Research has shown that girls are interested in careers that have a positive social impact. This topic shines a spotlight on a contemporary issue that requires a balance of social, ethical, economic, conservation and cultural perspectives.  


Briefly discuss students’ knowledge or experiences of crocodiles, in particular about saltwater crocodiles. Discuss the term 'trophy hunting'. What impact may this have on the crocodile population? Discussions may also cover an ecological focus such as crocodile distribution, habitat, feeding habits, behaviours; or a land management focus such as tourism, fishing, boating or human interactions. Give students the opportunity to locate relevant resources or provide resources such as Crocs get it on, Estuarine Crocodile or Saltwater crocodile facts for kids. 

Girls in Focus: Some students may be interested in the link between crocodile farming and fashion (see: AgriFutures: Crocodiles). This approach to combining business with conservation has interesting similarities to trophy hunting.

Introduce the scientific study conducted to gather data to determine the extent of the recovery of crocodile population numbers, after crocodiles numbers were in decline as a result of unregulated hunting, prior to 1970s. Provide the dataset 'Crocodile data 2015'. Organise students into collaborative teams to investigate the issue and develop their team response. 

Girls in Focus: Research has shown that girls value interaction and collaboration. Promote collaboration and recognition of the varied skills within the team, ensuring that all students are given the opportunity to manipulate the data set. 


Use relevant video resources to provide a context for the way in which scientists (male and female) collect data that is used in conservation-related decisions. 

Girls in Focus: Research has shown that when girls are exposed to positive STEM role models, their interest increases, along with an improved self-concept related to STEM fields. When showing scientists in action and use of technology, provide a balanced representation of males and females. 

Depending on your students' skills and familiarity with spreadsheeting software, such as Excel for Windows or Numbers for iOS systems or Google Sheets using an internet browser, you may decide to scaffold their introduction to the dataset or let them explore the dataset based on a question of interest. 
Alternatively you can introduce the study of crocodiles and focus on how scientists make their observations. This will help you introduce using a spreadsheet and step through the process of recording data in a table and from that data present it graphically in a relevant chart/graph. Provide students with the Croc survey tool. Imagining they are the scientists spotting the crocs, students entering the head size using the spreadsheet tool. The tool calculates an estimated length. The length is also shown in a table grouped according to size. A column graph is auto-populated as well as a scatter plot of head size against length. In the scatter plot students can look for the relationship between head and length (1:8).

SIDE NOTE: Scientists survey crocodiles at night from a boat travelling upstream. They shine a torch along the river. At night crocodile's eyes reflect light. Scientists often only are able to see the head of the crocodile. In these sightings they make an estimate of the length based on the ratio of 1:8, for example a crocodile with a head length of 40cm would have an estimated length of 3.2m. Sometimes the eyes are spotted in the torchlight without the scientist being able to make an estimate of length. When this happens EO (eyeshine only) is recorded.

Girls in Focus: Girls often have a poor self-concept as mathematicians, believing commonly-held stereotypes that boys are naturally better than girls at maths. If you observe a number of girls showing reluctance or a lack of confidence with using spreadsheets, consider offering an additional session to practise and improve their skills. Support a growth mindset by praising their effort, strategies and behaviours.


Use the Saltwater crocodile: student task presentation slide deck, which provides a guide to student’s inquiry. To support students use the inquiry questions and sample answers guide. 


The inquiry provides a useful opportunity to include a cultural perspective. Aboriginal people have been managing their land and sea country in north-west Australia for more than 40,000 years. With spiritual beliefs and way of life closely linked to country, Aboriginal people have an intimate knowledge of their environment deeply embedded in their culture, language, traditions and stories. Recognise the work of the Kimberley Ranger Network, who provide the frontline in current management practices in the region. Discuss the use of a combination of traditional knowledge, Western science and modern technologies to improve marine conservation and management outcomes. 

Provide guidance and support for students to use data overlays using online mapping software. The overlays show Indigenous Land Use Agreements and Indigenous Protected Areas. Discuss what this data demonstrates and how it may be used in their inquiry. Refer to the crocodile data displayed in the North West Atlas online. 

[image: ] 
Image: Distribution, abundance, critical habitat and population growth rates of saltwater crocodile populations in the Kimberley region

Add Overlay layers, which can be found by clicking the green '+' icon in the 'verlays section, selecting 'Overlay layers', and then searching in the folder North West Atlas and WAMSI sub folder. 
Indigenous Land Use Agreements 2017
Indigenous Protected Areas 2017
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As a team, students share their graphs and maps. Refer to the possibility that a bill could be proposed that crocodile trophy hunting be permitted in the Kimberley region of WA. Students use their data analysis and other research to present their proposal either opposing or supporting the bill. 

Each group decides on a suitable way to present their view, such as a 1–2 min video, brief report or infographic. They use their resource to lobby for support from their audience. 

Girls in Focus: Research suggests that girls are motivated when they are given opportunities to approach projects their own way, exercising their personal preferences and creativity. Engaging with creative problem solving also encourages students to embrace failure as part of the learning process, building resilience.




Inquiry questions with possible sample answers guide. 

	Inquiry questions
	Possible answers

	[image: ]
	A table of results sorted and a count for each length 
	Length
	Count
	Comment

	1 foot (0.3 m)
	219
	Most common

	2 foot (0.61 m)
	22
	

	3 foot (0.91 m)
	206
	

	4 foot (1.22 m)
	124
	

	5 foot (1.52 m)
	199
	

	6 foot (1.83 m)
	142
	

	7 foot (2.13 m)
	117
	

	8 foot (2. 44 m)
	39
	

	9 foot (2.74 m)
	25
	

	10 foot (3.05 m)
	22
	

	11 foot (3.35 m)
	5
	

	12 foot (3.66 m)
	6
	

	13 foot (3.96 m)
	1
	

	14 foot (4.27 m)
	2
	Largest





	[image: ]
	[image: Picture 4]

	[image: ]
	[image: Picture 2]


	Age
	Size (m)
	Count

	Hatchlings
	Up to 0.6 m
	219

	Juveniles
	> 0.6 to 1.5 m
	352

	Young adult
	> 1.5 to 2.1 m
	341

	Adult
	> 2.1 m
	217

	Eyeshine (EO)
	Not visible
	324

	TOTAL
	
	1453
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Map data © 2019 Google	
	[image: ]
Map should show data for both Prince Regent River and Roe Hunter Rivers systems. 

Map data © 2019 Google

	[image: ]
	[image: ]Crocodiles by size, sighted in Prince Regent River system during three studies (1978, 1985 and 2015)

	Size (m)
	1978
	1986
	2015

	up to 0.6m
	56
	5
	82

	> 0.6  up to 0.9 m
	14
	12
	6

	> 0.9 up to 1.2 m
	18
	26
	88

	>  1.2  up to 1.5 m
	24
	29
	67

	>  1.5  up to 1.8 m
	20
	29
	118

	>  1.8  up to 2.1 m
	20
	55
	84

	> 2.1 m
	31
	62
	94

	Eyeshine (EO)
	6
	29
	169

	TOTAL
	189
	247
	708





	[image: https://www.digitaltechnologieshub.edu.au/images/default-source/dt/Croc-data/inquiry-question_traditional-owners.png]
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Indigenous Land Use Agreements 2017
[image: ]
Indigenous Protected Areas 2017
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https://www.digitaltechnologieshub.edu.au/ 
Discussion

Digital Technology focus
How is GPS and other technology used in collecting data about crocodile populations? What are the benefits of these types of technology?
GPS enables researchers to plot an accurate location for each individual crocodile. Digital systems such as laptop, tablet or similar with a data entry app enable immediate data entry and uploading of data using cloud technology for sharing and collaboration. 
How is GPS data (longitude and latitude) useful when analysing and visualising fauna data? 
Location data (longitude and latitude) enables accurate plotting of animal location on a map using mapping software. 
In what ways can you use a spreadsheet to analyse data? 
Once the data is cleaned up, it can be sorted and filtered according to the question being answered. Typically the data is sorted by columns based on the cell’s value or text. Sorting allows for grouping entries by a common attribute, which helps identify patterns or trends in data. 
How do you decide on the most effective mode to present data? 
Discrete or continuous data. 
Science focus
What factors affect the wild crocodile populations? 
Eggs may not survive to hatching due to predation of goannas and feral pigs or issues to do with the eggs themselves or nesting site conditions. Hatchlings are often taken by predators before they mature. Smaller crocodiles may be attacked by larger crocodiles. Many crocodiles are still killed accidently in fishing nets. Some eggs and crocodiles are taken from the wild for commercial crocodile farms. Occasionally crocodiles are removed from an area.  
Data: Saltwater crocodile size usually ranges from 0.3 to 5.4 m. Croc length is estimated using intervals of 30 cm. What can we deduce from the length of the crocodile?
The length of the animal is proportional to its age. Crocodiles measuring < 0.6 m are considered hatchlings of that year. Juvenile crocodiles are > 0.6 to < 1.5 m. A 1.5–2 m crocodile is considered a young adult. Crocodiles larger than 2 m are considered adult. 
How is the data collected? How do the scientists ensure that the crocodile data is reliable and does not contain multiple records of the same crocodile? 
Surveys are conducted by boat travelling upstream at night when most crocs are on shore or relatively stationary. Based on the speed of the vessel, direction of travel and that it’s at night time, it’s unlikely crocs would be moving around and past the vessel to be counted again (though not impossible).
How would you design the scientific method to collect the data?
Consider the available and emerging technology, safety, staff required and skills, ethical collection techniques and links to historical data. 
Data is available from previous scientific studies (1978, 1986). Why would it be useful to follow the same surveying methodology and approach? 
To ensure meaningful comparisons can be made from historical data, it is important that the same methodology be used and consistent data is collected using the same parameters. 
Why is this relevant?
Acquire data
Acquire data examines how we collect and access data from a variety of sources.
Students can generate data of various types through their own experiments and investigations.
Store data
Record data in a format that allows it to be easily accessed or obtained. Students can describe how the data they have acquired can be stored in different ways using different representations and/or software, and select the most suitable representation is important.
Organise data
Organise data explores the ways we order, sort and arrange data to assist us with interpretation in different contexts.
Interpret data
Use data and its characteristics, properties and patterns to form a conclusion or derive meaning from it. Students can work with data that requires some simple processing using software. This could be in the form of things such as simple spreadsheet calculations or using data in code. They draw conclusions about the data as a result of this processing.
Resources
Crocodile information
Saltwater crocodiles: WAMSI Project information: distribution, abundance, critical habitat and population growth rates of saltwater crocodile populations in the Kimberley region. Includes fact sheet and video that explains scientific sampling of crocodiles. 
Crocs get it on: An ABC News article about saltwater crocodiles which provides useful background information. 
Estuarine Crocodile: An Australian Museum article about saltwater crocodiles which provides useful background information. 
Maniac, Aggro and One-Eyed Willie — meet the biggest, baddest crocs of the Kimberley
Dozens of saltwater crocodiles so dangerous they've been plucked from the wild to live out their days at Western Australia's only crocodile park.
Crocodile data and mapping
Refer to the crocodile data displayed in the North West Atlas. 
Video tutorials 
Plotting spatial data (longitude and latitude) using Google Maps: My Maps. (.mp4 video will download in an internet browser) 

References
Australian Curriculum, Assessment and Reporting Authority (ACARA) 2016, Cross-curriculum priorities
Fukuda et al. 2011, Recovery of saltwater crocodiles following unregulated hunting in tidal rivers of the Northern Territory, Australia, Journal of Wildlife Management 75 (6), 1253–1266
Fukuda et al 2012, ‘Standardised method of spotlight surveys for crocodiles in the tidal rivers of the Northern Territory, Australia’, 24 (1), 14–32
Halford, A, Barrow, D 2017, ‘Saltwater crocodiles (Crocodylus porosus) in the northwest Kimberley’, WAMSI Kimberley Marine Research Program Report, Project 1.2.3, Western Australian Marine Science Institution
WAMSI 2017, ‘Saltwater crocodile populations continue to grow in Prince Regent River’
WAMSI 2 – Kimberley Node – 1.2.3 2017–18, ‘Distribution, abundance, critical habitat and population growth rates of saltwater crocodile populations in the Kimberley region’ (Metadata for Halford, and Barrow article above)


Assessment 
Negotiate assessment with the class. Use the following marking guide as a starting point. 
Discuss how teams may use the negotiated marking guide as a self-evaluation tool. 
Proposal: for or against croc trophy hunting bill
	
	1
	2
	3
	4

	Planned our information search (ICT Capability)
	I didn’t make a plan for our information search.
	I helped make a written plan for our information search.
	I helped created and complete a table using ICT to plan our information search.
	I helped develop a creative way to plan our information search using ICT.

	Research into saltwater crocodiles (IT Capability)
	I didn’t use any references.
	I viewed up to three references and recorded brief notes.
	I viewed up to three references and recorded notes in a table to organise the information.
	 I viewed more than three references and recorded detailed notes in a table to organise the information.

	Crocodile dataset and using a spreadsheet (Digital Technologies)

	I didn’t use the crocodile dataset.
	I sorted the crocodile dataset to help answer a question.
I created a chart to present the data visually.
I was able to draw conclusions from the data and create information used in the proposal.
	I sorted the crocodile dataset to help answer a question.
I created a chart to present the data visually.
I was able to draw conclusions from the data and create information used in the proposal.
	I sorted and filtered the crocodile dataset in multiple ways to help answer questions.
I created charts to present the data visually including using online mapping software to create an online map of the data. 
I was able to draw conclusions from the data and create information used in the proposal.

	Indigenous perspective
(Cross-curriculum priorities)
	I didn’t include views of traditional owners.	
	I considered the views of traditional owners when developing the proposal.
	I considered the views of traditional owners when developing the proposal and found out about the Aboriginal communities that live in the region.
	I considered the views of traditional owners and incorporated the Aboriginal communities that live in the region in developing the proposal.

	Science 
(Biological science)
	I did not use scientific ideas.
	I considered ways crocodiles have adapted to survive in their environment.
	I considered ways crocodiles have adapted to their environment and the conditions they need to grow and survive.
	I considered ways crocodiles have adapted to their environment, the conditions they need to grow and survive and how to ensure the population continues to be sustainable.


Australian Curriculum alignment

Digital Technologies
Years 5–6
Define problems with given or co-developed design criteria and by creating user stories (AC9TDI6P01) 
Select and use appropriate digital tools effectively to create, locate and communicate content, applying common conventions (AC9TDI6P07) 
Select and use appropriate digital tools effectively to share content online, plan tasks and collaborate on projects, demonstrating agreed behaviours (AC9TDI6P08) 

Years 7–8
Analyse and visualise data using a range of software, including spreadsheets and databases, to draw conclusions and make predictions by identifying trends (AC9TDI8P02)
Science
Years 5–6
Analyse and visualise data using a range of software, including spreadsheets and databases, to draw conclusions and make predictions by identifying trends (AC9TDI8P02) 
Living things have structural features and adaptations that help them to survive in their environment (AC9S5U01)
The growth and survival of living things are affected by physical conditions of their environment (AC9S6U01)
Pose clarifying questions and make predictions about scientific investigations (AC9S5I01)
Identify, plan and apply the elements of scientific investigations to answer questions and solve problems using equipment and materials safely and identifying potential risks (AC9S5I02)
Decide variables to be changed and measured in fair tests, and observe, measure and record data with accuracy using digital technologies as appropriate (AC9S5I03)
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 (AC9S5I04)
Compare data with predictions and use as evidence in developing explanations (AC9S5I05)
Scientific knowledge is used to solve problems and inform personal and community decisions. (AC9S6H02)
Years 7
· Interactions between organisms, including the effects of human activities, can be represented by food chains and food webs (AC9S4U02)

Mathematics
Years 5
Pose questions and collect categorical or numerical data by observation or survey (AC9M6ST02)
Construct displays, including column graphs, dot plots and tables, appropriate for data type, with and without the use of digital technologies (AC9M6ST03)
Describe and interpret different data sets in context (AC9M6ST04)

Year 6	
Interpret and compare a range of data displays, including side-by-side column graphs for two categorical variables (AC9M7ST02)
Interpret secondary data presented in digital media and elsewhere (AC9M7ST03)
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