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[bookmark: _Toc237607599]Unit overview
This resource supports schools’ implementation of the Aquatic food and products focus area of the Aquatic Technology 7–10 Syllabus (2024). It can be adopted as is or adapted to meet the needs of individual school contexts.
It includes a range of practical experiences and projects for students. Where available, teachers are encouraged to include field trips and excursions in their local area to enhance student learning and links to real world situations.
The ‘From sea to systems: Exploring aquaculture technologies’ unit is an engaging and comprehensive 20-week program designed for Aquatic Technology 7–10 students. This unit offers a blend of theoretical knowledge, practical experiences and evaluative practices, focusing on the sustainability of aquatic food and products, the cultural significance of aquaculture to Aboriginal and Torres Strait Islander Peoples and the technological, ethical and environmental considerations involved in aquaculture, aquariums and seafood resource management.
Note: this resource is designed for easy conversion into a student booklet by removing answers within the response windows. Teacher notes (in blue) can be deleted before distributing to students. Teachers should adapt the resource to suit their school context. Alternative ideas are included for the project design brief. The resource can be introduced and delivered earlier in the term or used as an assessment.
Refer to Equipment Safety in Schools, Animals in Schools and Chemical safety in schools for current information on safety and safe working practices in Aquatic Technology 7–10.

[bookmark: _Toc175053963][bookmark: _Toc237607600]Glossary
Note: provide students with a glossary table, leaving the definition column blank for them to complete throughout the term.
Each time you find a new word in the workbook, add its definition to the table below so you can refer back to it later.
Table 1 – glossary aquaculture
	Word
	Definition

	aquacultural practices
	Ways of farming fish and other water animals and plants in controlled environments like ponds or tanks.

	aquaculture systems
	Different methods and setups used to grow aquatic plants and animals, including fresh and saltwater environments.

	maintenance
	The regular care and work needed to keep aquaculture systems healthy and productive, like cleaning tanks and checking water quality.

	aquatic system
	A community of plants and animals living in water, such as rivers, lakes and oceans, along with their environment.

	biosecurity
	Steps taken to keep harmful diseases and pests away from fish farms and aquatic environments.

	Cultural significance
	The importance of certain seafood to a community's traditions, beliefs and way of life.

	disease
	An illness in fish or other aquatic animals that affects their health, often caused by germs or poor living conditions.

	economic
	Related to money and trade; how fish farming affects jobs, income and the economy.

	ecosystem
	A system made up of living things (plants and animals) and their non-living environment (water, air, soil) that interact with each other.

	emerging technologies
	New tools and methods being developed to improve fish farming, making it easier and more efficient.

	ethical considerations
	Ideas about what is right or wrong in fish farming, including how to treat animals and protect the environment.

	filtration system
	A system used to clean water in fish tanks or ponds by removing dirt and waste to keep the water safe for fish.

	life cycle
	The stages an organism goes through from birth to maturity, including growth and reproduction.

	mariculture
	Farming of sea creatures in their natural ocean environments, usually near the coast.

	nitrogen cycle
	The process of how nitrogen moves through the environment, which is important for keeping water healthy for fish.

	nutrition
	The way living things get the food and nutrients they need to grow and stay healthy.

	propagation
	The process of breeding and growing aquatic animals or plants, often to increase their numbers in farms.

	species
	A group of living things that are similar and can breed together to have babies.

	sustainability
	Using resources in a way that does not harm the environment, ensuring that fish farming can continue in the future.

	viable
	Something that can live, grow or work successfully, like healthy fish in a farm.

	water quality
	How clean and safe the water is for aquatic life, which affects their health and growth.

	yield
	The number of fish or plants produced by a farm, showing how much food they can grow.
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[bookmark: _Toc237607601]Introduction to Aquatic food and products (core)
The Aquatic food and products (core) focus area provides opportunities for students to develop the knowledge, understanding and skills required to produce, manage or maintain a range of aquatic resources relevant to the aquaculture, aquarium and seafood industries. Students explore ideas and solutions to enhance product quality and system efficiency through the application of technologies, while prioritising sustainability. 
This focus area places a strong emphasis on sustainability, ethical considerations and global food security, addressing the environmental, social and economic impacts of aquaculture and seafood production on communities and ecosystems worldwide. 
Students are encouraged to apply their knowledge and skills to new projects and design opportunities in an aquarium or aquaculture system context.
Seafood and resources: different fish harvesting methods are analysed, along with the cultural significance and traditional preparation of seafood. Safe seafood handling is studied, as well as the global reliance on seafood and its environmental effects.
Aquariums: aquariums and natural ecosystems are compared using discussions and diagrams, while the nitrogen cycle is studied to understand processes and human impacts. Skills in setting up and maintaining aquariums focus on water quality, species care and comparisons with aquaculture techniques.
Aquaculture: the cultural importance of aquaculture is explored through research and projects, alongside investigations into practices, technologies and species. Practical activities include building models, maintaining a brine shrimp hatchery and creating an aquarium to apply learned skills.
Thinking and communicating: subject-specific terminology is used to communicate aquatic concepts clearly. Findings are shared through various presentation formats and written texts that explain the relationship between aquatic activities and environments. These content points are embedded throughout the unit.


[bookmark: _Toc237607602]Seafood
1. [bookmark: _Toc237607603]Setting the scene
Note: the following activities apply Connecting learning strategies. Additional strategies may be used by teachers to support students. 
Class brainstorm: What aquatic creatures you have eaten or seen eaten?
Students draw links between aquatic creatures and their everyday lives.
Students may use the table provided to document their thoughts and discussions. Use images as inspiration for students.
The learning sequence culminates in the development of a seafood cookbook and preparing a dish to eat.
Activity 1.1
Brainstorm all the aquatic creatures you have eaten or seen eaten.
	Sample answer: 
Sea urchins
Scallops
Bream
Flathead
Prawns
Lobster




2. [bookmark: _Toc237607604]Exploring aquatic creatures that we harvest
Note: this activity is designed to draw on students’ existing knowledge.
Activity 2.1
KWLH: What do you know and want to know about an aquatic creature that we harvest?
	Type of creature
	Sample answer: Prawns


Table 2 – KWLH chart
	What I know
	What I want to know
	What I learned
	How I learn more

	[In this column write what you already know about the topic.]
Sample answer: 
They live in lots of places.
We peel them after cooking.
	[In this column write what you want to know about the topic.]
Sample answer: 
How to catch them.
	[In this column write what you have already learned about the topic.]
Sample answer: 
They can be caught in the wild or farmed.
	[In this column write about how you will learn more about the topic.]
Sample answer: 
I want to learn how to reduce the environmental impact of prawn of prawn farming.


Note: students will participate in a Jigsaw activity. Allocate students a certain catch (from the list below) in which they will become a species harvest expert.
Activity 2.2
Deep dive into an aquatic creature that is harvested
Select one of the creatures from the list below.
Research and complete the row in the table below.
Report back to the class.
Table 3 – aquatic creatures jigsaw table
	Catch
	Description
	Locations
	Harvest methods
	Global consumption

	Lobster
	Sample answer: 
A large marine crustacean with a hard shell, long antennae and claws (in some species). Highly valued seafood known for its sweet, rich meat.
	Sample answer: 
Found in cold and temperate coastal waters.
	Sample answer:
Caught using baited traps or pots placed on the ocean floor. Fishers check and haul traps regularly. Strict regulations often apply (size limits, quotas, seasons).
	Sample answer:
Considered a luxury food worldwide. Often served in restaurants and exported live or frozen.

	Perch
	
	
	
	

	Barramundi
	
	
	
	

	Octopus
	
	
	
	

	Prawn
	
	
	
	




3. [bookmark: _Toc237607605]Exploring our global reliance on seafood
Think-Pair-Share: Why do you think people rely on seafood as a food source. Record your ideas under ‘think’. In the ‘pair’ column, write down ideas your partner has which you do not. In the ‘share’ column, write down ideas which you do not have already.
Activity 3.1
1. Document why you think people rely on seafood as a food source.
1. Discuss your ideas with a peer. Record their responses.
1. Share your ideas with the class. Document additional responses from other pairs. 
Table 4 – seafood source Think-Pair-Share table
	Think
	Pair
	Share

	Sample answer:
It’s healthy
Readily available
Lots of variety
	Sample answer:
Good source of protein
	Sample answer:
Traditional food for many cultures


Note: ensure a variety of regions and countries are researched, particularly regions with cultural significance for students.
Some students may require suggested resources such as websites, books and magazines.
Activity 3.2
Research seafood consumed in a country or region.
Complete the questions in the table below.
Table 5 – regional seafood consumption
	Country/region
	Sample answer: Japan

	Map of the area
	Sample answer:[image: A detailed map highlighting Japan and surrounding regions.]
Image from Canva, used in accordance with the Canva for Education licence for educational, non‐commercial purposes.

	The amount of seafood consumed in that country (for example, kilograms, tonnes)
	Sample answer: Japan consumes approximately 45–50 kg of seafood per person per year, making it one of the highest consumers globally (though declining slightly in recent years).

	Most popular types of seafood
	1. Sample answer: Tuna (used in sushi and sashimi)
Sample answer: Salmon (widely eaten raw and cooked
Sample answer: Squid (common in many traditional dishes)

	Provide reasons for their reliance on seafood (for example, cultural significance, economic factors, nutritional value).

	Sample answer: Seafood is central to Japanese diets due to its geography (island nation surrounded by ocean with rich fishing grounds), cultural significance (traditional foods like sushi and sashimi), nutrition (healthy source of protein and omega-3 fatty acids) and economic factors (large fishing industry and seafood markets such as Tokyo’s famous fish markets).


Share your findings with some of your peers.
Table 6 – regional seafood consumption reflection
	What surprised you about the seafood choices in different countries?
	Sample answer: What stood out most was how strongly geography and culture shape seafood choices. For example, countries like Japan and Norway rely heavily on cold-water species such as salmon and mackerel, while tropical regions like Indonesia favour tuna, reef fish and shellfish. It was also surprising how some seafood that might seem unusual in one country—like octopus or sea urchin—is considered a delicacy in another. This shows that ‘normal’ food choices are very different depending on local environments and traditions.

	How does understanding seafood help us think about our own food choices?
	Sample answer: Understanding seafood helps us become more aware of where our food comes from and how sustainable it is. It encourages us to think about choosing locally available species, avoiding overfished stocks and trying new foods from different cultures. It can also make us more open-minded about what we eat and help us make healthier and more environmentally responsible decisions.
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4. [bookmark: _Toc237607606]Develop a recipe for a sustainable seafood cookbook
Note: through a variety of learning activities, students will develop a class cookbook focused on sustainable seafood.
The preparation and cooking experience can be conducted in a kitchen or BBQ area.
Activity 4.1
Project: class cookbook
Table 7 – recipe development steps to success
	Step
	What I need to do

	Brainstorm ideas for your recipe
	Record your initial dish and ingredient ideas.

	Share your ideas and gain feedback
	Share your ideas with your peers.
Ask for their thoughts on what could make your recipe better. 
Give your feedback on your peers’ ideas. Suggest ways they could improve their ideas.

	Research
	Conduct research of existing similar recipes and complete a PMI.

	Recipe development
	Using the knowledge from the previous steps, develop a recipe for inclusion in the cookbook.
Document your recipe including ingredients, images and a procedure.

	Costing
	Calculate how much the recipe would cost for 4 people.

	Submit
	Submit your recipe and costing for inclusion in the cookbook.


Table 8 – brainstorm and feedback
	Brainstorm
	Feedback

	Sample answer: 
I want to create a simple, healthy and sustainable seafood dish using locally available fish. My idea is grilled lemon-garlic sardines with fresh salad. Sardines are a sustainable choice because they are fast-growing and not overfished. I want the dish to be easy to cook, affordable and suitable for families.
	Sample answer: 
My peers suggested adding a side dish to make it more complete and appealing. They also recommended including more flavour, such as herbs or spices.
Based on feedback, I improved my dish by adding a fresh herb salad and a light dressing. I also included paprika and parsley for extra flavour.
I suggested to others that they could improve their recipes by:
choosing sustainable seafood options
adding more vegetables
making recipes simple and affordable.


Cultural or regional dishes
In small groups, research a dish from a specific culture or region such as Mediterranean, Asian, Aboriginal, Latin American, and so on, prior to completing the table below. 
Table 9 – research table
	Region
	Traditional dish
	Preparation method
	Cultural significance

	Sample answer: 
Mediterranean

	Sample answer: 
Paella

	Sample answer: 
Rice is cooked with seafood (such as prawns, mussels and fish), saffron and spices in a large shallow pan.

	Sample answer: 
Paella is a social dish from Spain, often shared with family and friends during gatherings and celebrations. It reflects the importance of community and local seafood.


What aquatic species are used in different regions and why?
	Sample answer: 
Different regions use aquatic species that are locally available, seasonal and suited to their environment. For example, in the Mediterranean, species like tuna, sardines and mussels are common because they thrive in warm coastal waters and are easy to catch. In Asian regions such as Japan, seafood like salmon, tuna and octopus are popular due to strong fishing traditions and access to rich ocean currents.
In Australia, Aboriginal communities traditionally use species such as barramundi and shellfish because they are found in local rivers and coastal areas and can be harvested sustainably. In Latin America, species like snapper are used for dishes like ceviche because they are fresh, widely available and suitable for raw preparation.
Overall, the species used in each region depend on geography, climate, cultural traditions and sustainability, showing how people adapt their diets to their local environment.


Conduct research of 3 existing similar recipes and complete a PMI.
Table 10 – recipe PMI
	Recipe
	Positive
	Minus
	Interesting

	Sample answer: 
Grilled sardines with lemon
	Sample answer: 
Simple and quick to cook.
Healthy and high in omega-3.
Uses fresh ingredients.
	Sample answer: 
Can lack variety (only fish).
Strong fish flavour may not suit everyone.
	Sample answer: 
Sardines are one of the most sustainable seafood options.
Popular in Mediterranean diets.

	
	
	
	

	
	
	
	


Using the knowledge from the previous steps and the recipe template, develop a recipe for inclusion in the class cookbook.
1. Document your recipe including ingredients, images and a procedure.
Calculate how much the recipe would cost for 4 people.
Table 11 – recipe template
	Section
	Information

	Ingredients
	Sample answer: 
4 × fillets of barramundi
2 tablespoons olive oil
2 cloves garlic (crushed)
1 lemon (sliced)
1 teaspoon dried oregano
Salt and pepper
2 zucchinis (sliced)
2 carrots (sliced)
1 capsicum (sliced)

	Instructions
	Sample answer: 
1. Preheat oven to 180°C.
Place sliced vegetables on a baking tray and drizzle with olive oil.
Put barramundi fillets on top of the vegetables.
Rub garlic, oregano, salt and pepper onto the fish.
Place lemon slices on top of each fillet.
Bake for 20–25 minutes until fish is cooked through.
Serve hot with roasted vegetables.

	Servings
	Sample answer: 
Serves 4 people.

	Equipment
	Sample answer: 
Baking tray
Knife and chopping board
Mixing bowl
Oven

	Costing
	Sample answer: 
Barramundi (4 fillets) $16.00
Vegetables $8.00
Lemon	$1.00
Garlic $0.50
Olive oil and herbs $2.50
Total cost: $28.00
Cost per person: $7.00




5. [bookmark: _Toc237607607]Describe the safe storage and handling of seafood
Note: review the NSW Government Food Authority Seafood safety website prior to this learning.
Activity 5.1
Practical activity
Visit and review the NSW Government Food Authority Seafood safety website. Skim and scan the shopping, storage and preparation and handling sections.
Complete the scaffold provided to support your infographic development.
Create an infographic in Canva or use similar software that could be used to develop a seafood cookbook to inform people about the safe storage and handling of seafood. An example has been provided below.
Figure 1 – example infographic
[image: Illustration of a fish accompanied by a food safety guide focused on seafood storage, preparation, and eating. The guide provides detailed instructions on proper refrigeration, handling of prawns and oysters, and warnings against consuming raw or off-smelling seafood to ensure safe consumption.]
Images from Canva, used in accordance with the Canva for Education licence for educational, non‐commercial purposes.
Note: teacher chunks and sequences demonstration of each process or series of processes to assist students to develop the one pager.
Table 12 – infographic planning template
	Step
	Planning notes and images

	Outline the goals of your infographic
	What is the purpose of your infographic? Why is it important?
Sample answer: 
The purpose of my infographic is to educate people on how to safely store, handle and prepare seafood to prevent food poisoning. This is important because seafood can spoil quickly and may carry harmful bacteria if not handled correctly. The infographic will be designed for inclusion in a class cookbook to promote safe food practices at home.

	Collect relevant information
	What are the main features and characteristics of seafood safety and storage?
Sample answer: 
Key seafood safety points include:
Keep seafood refrigerated below 5°C.
Store seafood in the coldest part of the fridge.
Use fresh seafood within 1–2 days.
Keep raw seafood separate from other foods to avoid cross-contamination.
Wash hands, knives and surfaces after handling raw seafood.
Cook seafood thoroughly until flesh is opaque and flakes easily.
Avoid refreezing thawed seafood.
These practices help reduce the risk of foodborne illness and maintain quality.

	Consider images that represent the information
	What images convey or enhance the information being presented? Include samples
Sample answer: 
Images to include:
seafood on ice (freshness and storage)
refrigerator with sealed containers
handwashing (hygiene)
separate chopping boards (cross-contamination prevention)
cooked fish that flakes easily.
These visuals help the audience quickly understand safe practices.

	Select a design template
	Using Canva or software of your choice, select a template
Sample answer: 
I will use Canva to select a clean, vertical infographic template. The layout will include:
a bold title at the top
three main sections: Storage, Handling, Cooking
icons and short text for each section.

	Adjust the style of your infographic
	Experiment with adjusting colours, fonts and more to enhance the messaging.
Sample answer: 
Use blue and white colours to represent seafood and cleanliness
Choose clear, easy-to-read fonts
Use icons and symbols instead of too much text
Highlight important rules (for example, ‘Keep below 5°C’) in bold
Keep the design simple so it is easy to follow




6. [bookmark: _Toc237607608]BBQ salmon 
Note: refer to Equipment safety in schools to ensure all safety requirements are met. The safe operating procedures, safety videos and safety tests (staff only) in the TAS Statewide Staffroom can be used.
Activity 6.1
Table 13 – BBQ salmon activity
	Practical activity
	In groups of 4, students will prepare and cook a BBQ salmon meal.

	Serves
	4

	Preparation time
	10 minutes

	Cooking time
	15 to 20 minutes

	Ingredients
	4 salmon fillets (about 150 to 200 g each), skin on or off as preferred
2 tablespoons olive oil
2 tablespoons soy sauce
2 tablespoons honey or maple syrup
1 tablespoon lemon juice (freshly squeezed)
2 cloves garlic, minced
1 teaspoon smoked paprika (optional)
Salt and pepper to taste
Fresh herbs for garnish (for example, parsley, dill or coriander)
Lemon wedges for serving

	Instructions
	Prepare the marinade: in a small bowl, whisk together olive oil, soy sauce, honey (or maple syrup), lemon juice, minced garlic, smoked paprika, salt and pepper until well combined.

	Marinate the salmon
	Place salmon fillets in a shallow dish or resealable bag. Pour marinade over the salmon, ensuring each fillet is well coated. Let it marinate in the refrigerator for at least 15 minutes (or up to one hour for more flavour).

	Preheat the BBQ
	Heat your grill to medium-high heat. Lightly oil the grill grates to prevent sticking.

	Cook the salmon
	Place salmon fillets skin-side down (if skin-on) on the grill. Cook for about 4 to 6 minutes per side, depending on thickness. The salmon should be opaque and flake easily with a fork when done. Avoid overcooking to keep it moist and tender.

	Serve
	Remove the salmon from the grill and let it rest for a couple of minutes. Garnish with fresh herbs and serve with lemon wedges on the side.

	Serving suggestions
	Serve BBQ salmon with grilled vegetables, a fresh salad or rice for a complete meal.




7. [bookmark: _Toc237607609]Different types of fishing methods
Note: fishing practices will be explored again later in this unit. Students can return to fill in any gaps in knowledge.
Activity 7.1
1. As a class, brainstorm fishing methods, technologies and equipment.
1. Write down the brainstorm responses down under the following headings. 
Table 14 – fishing methods
	Fishing practices
	Methods
	Equipment and technologies
	Environmental impacts

	Sample answer: 
Commercial fishing
	Sample answer: 
Trawling (dragging nets along the seafloor)
	Sample answer: 
Large trawler boats, weighted nets, sonar
	Sample answer: 
Can damage seafloor habitats and result in bycatch (unwanted species caught)

	Aquaculture (fish farming)
	Fish farming in pens or tanks
	Nets, feeding systems, water monitoring technology
	Can cause water pollution and spread disease if not managed well

	Traditional fishing
	Spearfishing
	Spears, snorkelling gear
	Selective method (only target fish caught), generally low environmental impact


8. [bookmark: _Toc237607610]Impact of seafood production on ocean ecosystems
Note: show students the video below, pausing regularly for students to complete questions. Discuss responses and build solutions together.
Activity 8.1
1. Show The Dark Side of Commercial Fishing: Exploring Its Impact on the Fragile Marine Ecosystem (4:09).
1. Respond to the statements in the table below.
Table 15 – environmental impacts of fishing
	Fishing practice
	Sample answer: 
Commercial trawling

	Methods, technologies and equipment used

	Sample answer: 
Large bottom trawl nets dragged along the ocean floor
GPS and sonar systems to locate fish schools
Industrial fishing vessels with onboard processing equipment

	Environmental impacts of the practice, focusing on:
overfishing
habitat destruction
pollution.
	Sample answer: 
Commercial trawling can lead to overfishing by catching large quantities of fish faster than populations can recover. It also causes habitat destruction because the heavy nets drag across the seafloor, damaging coral reefs and marine ecosystems. Additionally, it contributes to pollution through fuel use, discarded fishing gear (ghost nets) and bycatch waste, where unwanted species are thrown away.

	Solutions to make it eco-friendlier, either current practices or your idea. 
	Sample answer: 
Use fishing quotas to prevent overfishing.
Introduce marine protected areas where fishing is restricted.
Develop more selective fishing gear to reduce bycatch.
Improve monitoring using satellite tracking to enforce regulations.
Encourage consumers to choose sustainably sourced seafood.




Activity 8.2
Practical activity
Use the information from the previous learning activity to inform your infographic.
Create an infographic in Canva or use similar software that could be used to develop a seafood cookbook to inform people about the safe storage and handling of seafood. An example has been provided below.
Figure 2 – example informative poster
[image: Infographic titled "Impact of Seafood" designed to discuss seafood harvesting and environmental impacts. Features sections labeled for harvesting methods and environmental impacts, intended for educational or awareness purposes.]
Images from Canva, used in accordance with the Canva for Education licence for educational, non‐commercial purposes.
Note: teacher chunks and sequences a demonstration of each process or series of processes to assist students to develop the one pager.
9. [bookmark: _Toc237607611]Non-food products and resources harvested from aquatic environments
Activity 9.1
View How Sand Mining Is Quietly Creating A Major Global Environmental Crisis (15:27) before responding to the questions below.
1. Where does the sand used for construction typically come from?
	Sample answer: 
Most sand used for construction comes from rivers, lakes and coastal areas, rather than deserts. Desert sand is usually too smooth and rounded to bind well in concrete, so builders prefer sand from waterways.


Describe how sand is naturally formed and transported into rivers.
	Sample answer:
Sand is formed through the weathering and erosion of rocks over long periods of time. Wind, rain and temperature changes break rocks into smaller particles. These particles are then carried by rivers and streams, where they are deposited as sand along riverbeds and banks.


Identify which parts of aquatic environments sand is commonly harvested from.
	Sample answer:
Sand is commonly taken from riverbeds, riverbanks, deltas, coastal seabeds and beaches


Besides construction, list 4 other everyday products that depend on sand as described in the video.
	Sample answer:
Glass (windows, bottles)
Smartphones and computer screens
Toothpaste
Paint and cosmetics


Describe 2 ways that sand mining impacts river ecosystems.
	Sample answer:
It can destroy habitats for fish and other aquatic organisms by removing the riverbed.
It can cause erosion and changes to water flow, making rivers deeper and more unstable, which affects plant and animal life.


What problems arise from unregulated sand mining, especially in developing countries?
	Sample answer:
Unregulated sand mining can lead to environmental damage, illegal activity and safety risks. It often happens without proper controls, leading to riverbank collapse, loss of biodiversity and even violence linked to illegal mining operations.


1. How does it affect agriculture and food production?
	Sample answer:
Sand mining can lower water levels and damage river systems, which reduces water available for irrigation. This can decrease crop production and affect farmers’ livelihoods.


Why is enforcement of sand mining regulations often ineffective?
	Sample answer:
Enforcement is often weak due to lack of resources, corruption and high demand for sand. In some areas, illegal mining groups operate with little oversight, making it difficult for governments to control the activity.




10. [bookmark: _Toc237607612]Assessing the impact of technologies used to monitor and preserve seafood stocks
Activity 10.1
Note: Jigsaw activity: divide students into 5 groups. Allocate each group in the table one technology to research, document and report on. The hyperlinks in the table provide students with websites that contain 
Table 16 – technologies used in fisheries
	Monitoring technology 
	How the technology works
	How it is used in fisheries
	Impact on seafood stocks 
	Impact on and marine ecosystems

	Sonar technology

	Sample answer: Uses sound waves to detect objects underwater and map fish schools
	Sample answer: Helps fishers locate large groups of fish quickly and accurately
	Sample answer: Can increase catch efficiency, which may lead to overfishing if not managed
	Sample answer: May disrupt marine animals that rely on sound (for example, whales, dolphins)

	Satellite tracking

	Uses GPS and satellites to track vessel locations and movements
	Monitors fishing activity and helps enforce regulations
	Helps prevent illegal fishing, supporting sustainable fish populations
	Reduces illegal fishing pressure, helping protect ecosystems

	Underwater drones

	Remote-controlled or autonomous devices with cameras and sensors
	Used to observe fish populations and habitats without human divers
	Improves data collection, leading to better fishery management
	Minimal disturbance compared to traditional methods, supports conservation

	Electronic fish tags

	Small devices attached to fish that transmit movement and behaviour data
	Tracks migration patterns and population changes
	Helps scientists understand fish stocks and set sustainable limits
	Supports ecosystem protection by improving knowledge of species behaviour

	Acoustic monitoring systems

	Uses underwater microphones (hydrophones) to detect and record sounds
	Monitors fish activity and marine life presence
	Helps estimate fish populations and detect changes over time
	Can help protect species by identifying important habitats and behaviours


Choose one of the above technologies. Answer the following questions
1. What is the technology?
	Sample answer: 
Satellite tracking uses GPS and satellite systems to monitor the location and movement of fishing vessels in real time. Governments and organisations can see where boats are operating and whether they are following fishing regulations.


How does it help monitor and preserve seafood stocks?
	Sample answer:
Satellite tracking helps by detecting illegal, unreported and unregulated (IUU) fishing. It allows authorities to ensure fishers stay within legal zones and follow quotas. This helps prevent overfishing and supports the long-term sustainability of seafood stocks.


Are there any potential drawbacks or limitations of the technology? 
	Sample answer:
Expensive to install and maintain
Some vessels may turn off tracking systems to avoid detection
Requires strong enforcement and international cooperation to be effective


Reflective questions
Which technology do you think is the most effective in monitoring seafood stocks? Why?
	Sample answer:
Satellite tracking is the most effective because it allows large-scale monitoring of fishing activity across oceans. It helps enforce laws and reduces illegal fishing, which is one of the biggest threats to seafood sustainability.


How can technology improve the sustainability of fisheries?
	Sample answer:
Technology can improve sustainability by providing accurate data on fish populations, reducing bycatch through better equipment and helping governments enforce fishing regulations. This ensures fish stocks are managed responsibly and ecosystems are protected.


Exit ticket: Write one way that seafood production can affect ocean ecosystems.
	Sample answer:
Seafood production can lead to overfishing, which reduces fish populations and disrupts the balance of marine ecosystems.




[bookmark: _Toc237607613]Aquarium
An aquarium is an artificial, man-made system that contains aquatic organisms in a controlled environment, mimicking natural conditions. It is managed by humans requiring regular care and maintenance.
A natural ecosystem such as a river, pond, wetland or the ocean has living and nonliving components that interact naturally. These environments are self-sustaining.
11. [bookmark: _Toc237607614]Aquarium nitrogen cycle
Activity 11.1
Note: Jigsaw activity – break the class into 2 groups, A and B. One will investigate the nitrogen cycle in aquariums, the other in a natural ecosystem. Following this investigation, conduct a class discussion where students share their knowledge and complete the comparison table.
Some cohorts may benefit from watching a brief video on each prior to engaging in the reading activity. Watch:
· What Is the Nitrogen Cycle for Aquariums? (5:57)
· The nitrogen cycle (3:39)
Group A – aquarium
The nitrogen cycle in aquariums
Aquariums are small, human-made aquatic systems where fish and other aquatic organisms live in a controlled environment. In these systems, the nitrogen cycle is critically important for maintaining water quality and the health of the inhabitants.
Sources of nitrogen
Nitrogen enters aquariums mainly through fish waste (ammonia), uneaten food and decaying plant matter.
Nitrogen waste production
Fish excrete ammonia (NH3) directly into the water, which is toxic if it accumulates. Other organic waste also breaks down into ammonia through a process called ‘ammonification’.
Roles of bacteria
Beneficial bacteria play a key role in cycling nitrogen.
Nitrosomonas bacteria convert ammonia into nitrite (NO2-), which is still toxic.
Nitrobacter bacteria then convert nitrite into nitrate (NO3-), which is less harmful.
Nitrogen removal and balance
Nitrate is less toxic but can build up and harm fish if not managed. In aquariums, nitrates are removed by:
regular water changes
live plants that absorb nitrates as nutrients
some specialised filtration systems.
Human intervention
Aquariums require ongoing maintenance to keep nitrogen levels in balance because natural processes like denitrification (conversion of nitrate back to nitrogen gas) are very limited or absent. Filtration systems and careful feeding also help manage nitrogen waste.
1. What are the main sources of nitrogen in your system?
	Sample answer:
Nitrogen mainly comes from fish waste (ammonia), uneaten food and decaying plants.


How is nitrogen waste produced and by which organisms?
	Sample answer:
Fish produce ammonia (NH₃) as waste through excretion. Bacteria and other decomposers break down leftover food and organic matter, also releasing ammonia.


What roles do bacteria or other microorganisms play in the nitrogen cycle?
	Sample answer:
Nitrosomonas bacteria convert ammonia → nitrite.
Nitrobacter bacteria convert nitrite → nitrate.
These bacteria make toxic waste less harmful.


How is nitrogen removed or transformed to keep the system healthy?
	Sample answer:
Nitrogen is managed through:
water changes
aquatic plants absorbing nitrate
filtration systems.


Are there any human interventions involved in managing nitrogen in your system?
	Sample answer:
Yes, humans must regularly clean the tank, monitor water quality, control feeding and maintain filters.


Group B – aquatic ecosystem
The nitrogen cycle in natural aquatic ecosystems
Natural aquatic ecosystems like lakes, rivers and coastal waters have complex nitrogen cycles that support diverse life forms.
Sources of nitrogen
Nitrogen enters these ecosystems through nitrogen fixation by bacteria, decomposition of organic matter, runoff from soil and plants and atmospheric deposition.
Nitrogen waste production
Aquatic organisms produce ammonia as a waste product. Decomposers break down dead plants and animals, releasing ammonia into the water.
Roles of bacteria
Several bacteria drive the nitrogen cycle:
nitrifying bacteria convert ammonia into nitrite, then nitrate
denitrifying bacteria convert nitrate into nitrogen gas (N2), releasing it back into the atmosphere.
Nitrogen-fixing bacteria convert nitrogen gas from the atmosphere into forms usable by plants and other organisms.
Nitrogen removal and balance
Denitrification naturally removes excess nitrogen, completing the cycle by returning nitrogen gas to the atmosphere. Plants and algae take up nitrates, which are recycled through the food web.
Human intervention
Unlike aquariums, natural systems generally do not require maintenance but can be affected by pollution, such as excess nitrogen from fertilisers, which disrupts the nitrogen cycle and harms ecosystem health.
1. What are the main sources of nitrogen in your system?
	Sample answer:
Nitrogen comes from nitrogen fixation by bacteria, decomposition of organic matter, runoff from land and rainfall.


1. How is nitrogen waste produced and by which organisms?
	Sample answer:
Aquatic animals release ammonia as waste and decomposers break down dead organisms, releasing more nitrogen into the system.


1. What roles do bacteria or other microorganisms play in the nitrogen cycle?
	Sample answer:
Nitrifying bacteria convert ammonia → nitrite → nitrate.
Denitrifying bacteria convert nitrate → nitrogen gas (N₂).
Nitrogen-fixing bacteria convert atmospheric nitrogen into usable forms.


1. How is nitrogen removed or transformed to keep the system healthy?
	Sample answer:
Denitrification returns nitrogen to the atmosphere
Plants and algae absorb nitrates
Nutrients cycle naturally through the food web


1. Are there any human interventions involved in managing nitrogen in your system?
	Sample answer:
Natural systems do not usually need human management, but humans can impact them through pollution, especially fertiliser runoff.


Using the table below, document your learning from the jigsaw activity.
Table 17 – jigsaw – aquariums versus natural ecosystems
	Aspect
	Aquarium
	Natural ecosystem
	Similarities/ Differences

	Source(s) of nitrogen
	Sample answer: 
Fish waste, uneaten food, decaying matter.
	Sample answer: Nitrogen fixation, decomposition, runoff, atmosphere.
	Sample answer:
Both involve organic waste, but natural systems have more diverse sources.

	Key organisms in nitrogen transformations
	Sample answer: Nitrifying bacteria (Nitrosomonas, Nitrobacter).
	Sample answer: Nitrifying, denitrifying and nitrogen-fixing bacteria.
	Sample answer:
Both rely on bacteria, but natural systems have a more complete cycle.

	Methods of nitrogen removal or balance
	Sample answer:
Water changes, plant uptake, filtration.
	Sample answer:
Denitrification, plant uptake, natural cycling.
	Sample answer:
Aquariums rely on human help; natural systems self-regulate.

	Human intervention
	Sample answer:
High – cleaning, monitoring, filtration required.
	Sample answer:
Low (natural) – but affected by pollution.
	Sample answer:
Major difference: aquariums need constant human management.




12. [bookmark: _Toc237607615]Designing, setting up and maintaining a viable aquarium 
Note: students will research, design, establish and maintain a viable aquarium during this sequence of learning. This should be carried out as a collaborative groupwork activity
The learning in the table below has been further scaffolded to support delivery of this sequence.
Activity 12.1
Table 18 – aquarium design activity
	Practical activity
	Design and set up a fully functional aquarium that provides a safe and healthy environment for aquatic animals.

	Research and planning
	Research different types of aquariums (freshwater, marine, planted).
Decide on the size (for example, 20 L, 50 L) and shape (rectangular, bow front) that fits your space and goals.
Choose the species of fish and plants you want to keep and research their environmental needs (temperature, pH, tank mates).

	List all equipment needed
	Tank, filter, heater, lighting, substrate (sand or gravel), decorations, water conditioner, test kits.
Check the Animal in Schools website for system requirements.

	Design your aquarium layout
	Draw a detailed sketch showing where plants, rocks, filter, heater and decorations will be placed.
Include hiding spots and swimming areas for fish comfort.

	Setting up the aquarium
	1. Clean the tank and all equipment with water (no soap).
Add substrate evenly along the bottom.
Install the filter and heater but do not plug in yet.
Fill the tank slowly with dechlorinated water to avoid disturbing the substrate.
Set up lighting and timers if available.

	Cycling the aquarium
	Begin the nitrogen cycle by adding an ammonia source (fish food, pure ammonia) as needed for your species.
Test weekly for ammonia 

	Adding fish and plants
(usually 2–6 weeks after start cycling; ensure no NH4 or NO2- is present) 
	Introduce fish slowly, starting with a few at a time to avoid overloading the system.
Plant live plants according to your design.
Monitor fish behaviour and water quality closely for the first weeks.

	Daily and weekly monitoring
	Design a way to record the information. 
Check temperature, filter function and water clarity daily.
Test water parameters weekly and record results.
Perform partial water changes (10–20%) weekly or as needed.




13. [bookmark: _Toc237607616]Designing a viable aquarium
Activity 13.1
Types of aquariums
Visit Types & Sizes Of Aquarium Explained: Guide To Pick The Best One.
Using the information provided, complete the table below.
Table 19 – aquarium features and challenges
	Aquarium
	Key features
	Potential species
	Challenges

	Cold freshwater
	Sample answer:
No heater required, cooler water temperatures, simple setup
	Sample answer:
Goldfish, koi
	Sample answer:
Fish produce a lot of waste, require strong filtration, can outgrow tanks quickly

	Hot freshwater
	Sample answer:
Heated water (around 24–26°C), stable tropical environment, often includes plants and filtration
	Sample answer:
Guppy, betta fish, angelfish
	Sample answer:
Maintaining correct temperature, water quality and preventing disease

	Saltwater
	Sample answer:
Uses saltwater, requires specialised equipment (for example, salinity control), more complex system
	Sample answer:
Clownfish, blue tang, coral species
	Sample answer:
Expensive setup, sensitive water chemistry, requires experience and careful monitoring




Activity 13.2
Fish species and plants
Visit Top 10 Popular Pet Fish and Scapeshop Online Aquarium Plants & Aquascaping.
Select 2 fish and 2 plant species for your aquarium.
	Sample answer: Guppy, betta fish, ambulia (fast-growing stem plant), vallisneria (long grass-like plant)


Justify your selection.
	Sample answer:
I selected guppies because they are hardy, colourful and easy to care for, making them ideal for beginner aquariums. They are peaceful and work well in community tanks.
I also chose a betta fish because of its bright colours and unique appearance, which adds visual interest to the aquarium. Bettas are relatively easy to care for but need to be kept with compatible species due to their behaviour.
For plants, I selected ambulia because it is a fast-growing plant that helps absorb excess nutrients, improving water quality and supporting the nitrogen cycle.
I also chose vallisneria because it provides shelter and hiding spaces for fish, which reduces stress and creates a more natural environment.




Activity 13.3
Aquarium equipment
Visit Aquarium Equipment List.
List the equipment needed for your chosen aquarium.
	Sample answer:
Aquarium tank to house the fish and plants
Filter system to remove waste and keep the water clean
Heater to maintain a stable warm temperature for tropical fish
Thermometer to monitor water temperature
Lighting system to support plant growth and allow visibility
Substrate (gravel or sand) for plant roots and beneficial bacteria
Water conditioner to remove harmful chemicals like chlorine
Air pump and air stone (optional) to increase oxygen levels
Aquarium plants to improve water quality and provide habitat
Fish food suitable for the selected species
Net and cleaning tools for maintenance and fish care




Activity 13.4
Aquarium design
Complete a detailed labelled sketch of your proposed aquarium. Your sketch should include plants, rocks, filter, heater and decorations. The design should be tailored to your chosen fish species.
Aquarium sketch
	Sample answer:



14. [bookmark: _Toc237607617]Setting up a viable aquarium
Activity 14.1
Setting up the aquarium
1. Clean the tank and all equipment with water (no soap).
1. Add substrate evenly along the bottom.
1. Install the filter and heater but do not plug in yet.
1. Fill the tank slowly with dechlorinated water to avoid disturbing the substrate.
1. Set up lighting and timers if available.
Cycling the aquarium
Begin the nitrogen cycle by adding an ammonia source (fish food, pure ammonia) as needed for your species.
Test weekly for ammonia.
Adding fish and plants (usually 2-6 weeks after start cycling – ensure no NH4 or NO2- is present) 
1. Introduce fish slowly, starting with a few at a time to avoid overloading the system.
1. Plant live plants according to your design.
1. Monitor fish behaviour and water quality closely for the first weeks.


15. [bookmark: _Toc237607618]Aquarium monitoring
Activity 15.1
Each day record water temperature, filter function and clarity.
Table 20 – daily aquarium checks log
	Water
	Day 1
	Day 2
	Day 3
	Day 4
	Day 5

	Temperature
	Sample answer: 25°C
	
	
	
	

	Clarity
	Sample answer: Clear
	
	
	
	

	Filter function
	Sample answer: Working well
	
	
	
	


Table 21 – daily aquarium checks log
	Water
	Day 6
	Day 7
	Day 8
	Day 9
	Day 10

	Temperature
	
	
	
	
	

	Clarity
	
	
	
	
	

	Filter function
	
	
	
	
	


Table 22 – daily aquarium checks log
	Water
	Day 11
	Day 12
	Day 13
	Day 14
	Day 15

	Temperature
	
	
	
	
	

	Clarity
	
	
	
	
	

	Filter function
	
	
	
	
	


Table 23 – daily aquarium checks log
	Water
	Day 16
	Day 17
	Day 18
	Day 19
	Day 20

	Temperature
	
	
	
	
	

	Clarity
	
	
	
	
	

	Filter function
	
	
	
	
	


Table 24 – daily aquarium checks log
	Water
	Day 21
	Day 22
	Day 23
	Day 24
	Day 25

	Temperature
	
	
	
	
	

	Clarity
	
	
	
	
	

	Filter function
	
	
	
	
	


Each week test pH, ammonia, nitrite and nitrate.
Table 25 – weekly aquarium checks log
	Water
	Week 1
	Week 2
	Week 3
	Week 4
	Week 5

	pH
	Sample answer: 7.0
	
	
	
	

	Ammonia
	Sample answer: 0.25 ppm
	
	
	
	

	Nitrite
	Sample answer: 0.25 ppm
	
	
	
	

	Nitrate
	Sample answer: 10 ppm
	
	
	
	




16. [bookmark: _Toc237607619]Aquarium setup and maintenance reflection
Activity 16.1
Reflect on what maintenance actions helped keep the aquarium stable and what adjustments may be needed.
	Sample answer:
Regular maintenance helped keep the aquarium stable by ensuring water quality stayed within safe limits. Daily checks of temperature, clarity and filter function allowed early detection of issues like slight cloudiness or reduced flow, while weekly testing confirmed that ammonia and nitrite remained at safe levels. Partial water changes, controlled feeding and occasional filter cleaning helped reduce waste and maintain a healthy nitrogen cycle. Some adjustments may still be needed, such as more frequent water changes to manage nitrate levels or reducing light and feeding if algae begins to grow, but overall consistent monitoring and small actions were effective in maintaining a balanced system.




17. [bookmark: _Toc237607620]Design a prototype aquaponics system (using an existing aquarium)
Table 26 – designing a aquaponics system activity
	Practical task
	Create a prototype aquaponics system that uses fish waste to nourish plants and keeps water clean for fish.

	Understand aquaponics basics
	Read What Is Aquaponics: The Complete Guide To Sustainable Gardening: fish produce ammonia, bacteria convert it to nitrates, plants use nitrates as nutrients and clean water returns to fish.
Identify the key components: fish tank, grow bed, water pump, plumbing for water flow.

	Planning your system
	Check the Animal in Schools website to ensure you are complying with NSW Department of Education requirements 
Choose suitable plants for aquaponics (for example, basil, lettuce, mint).
Decide on the type of grow bed (media-filled, nutrient film technique or deep-water culture).
Sketch your system layout showing how water moves from the tank to the grow bed and back.

	Gather materials and equipment
	Use your existing aquarium as the fish tank.
Obtain containers or trays for growing plants.
Obtain a water pump and tubing to circulate water.
Get growing media if using media-filled beds (for example, expanded clay pellets).

	Build the prototype
	Set up the grow bed above or beside the aquarium.
Connect the water pump to move water from the aquarium to the grow bed.
Ensure water drains from the grow bed back into the aquarium, maintaining continuous circulation.
Fill the grow bed with media and plant seedlings.

	System start-up and monitoring
	Turn on the pump and observe water flow ensuring no leaks or blockages.
Test water parameters regularly (ammonia, nitrites, nitrates, pH, temperature).
Monitor plant growth and fish health daily.
Adjust feeding and water flow rates to maintain balance.

	Troubleshooting and adjustments
	Record any issues such as algae growth, clogged pipes, or stressed fish/plants.
Make changes to improve system efficiency and health of organisms.
Reflect on what actions helped keep the system stable and what adjustments may be needed.


Activity 17.1
Use the skim and scan technique to read What Is Aquaponics: The Complete Guide To Sustainable Gardening.
1. Describe how aquaponics works.
	Sample answer:
Aquaponics is a system that combines aquaculture (raising fish) and hydroponics (growing plants in water). Fish produce waste that contains ammonia, which is converted by beneficial bacteria into nitrates. These nitrates are used by plants as nutrients, helping them grow. The plants then filter and clean the water, which is returned to the fish tank, creating a sustainable, closed-loop system.


Identify the key components of an aquaponic system.
	Sample answer:
Fish tank (holds the fish)
Grow bed (where plants are grown)
Water pump (moves water through the system)
Pipes/tubing (connects components)
Growing medium (for example, gravel or clay balls)
Beneficial bacteria (support the nitrogen cycle)
Plants and fish


Produce an annotated sketch of your proposed aquaponic system.
	Sample answer:[image: A hand-drawn diagram illustrating an aquaponics system with water and air flow pathways. Key components include a fish tank with air diffuser, water pump, clarifier, grow bed, air pump with flow meter, and a separate container for algae and water exposed to sun or artificial light.]


Identify the materials you will need to gather to make your prototype.
	Sample answer:
Plastic container or tank (fish tank)
Smaller container (grow bed)
Aquarium pump
Tubing or pipes
Gravel or clay pebbles
Fish (for example, hardy species)
Plants (for example, herbs or leafy greens)
Water


Describe how you will assemble your system.
	Sample answer:
First, set up the fish tank and fill it with water. Place the grow bed above or next to the tank and fill it with gravel. Install the pump in the fish tank and connect tubing to move water into the grow bed. Ensure there is a return pipe so water can flow back into the tank. Add fish and plants once the system is set up. Turn on the pump so water continuously cycles through the system, allowing plants to filter the water for the fish.




18. [bookmark: _Toc237607621]How to grow and feed algae for aquarium fish
Activity 18.1
Practical activity: Aqua-culturing phytoplankton
Algae is a nutritious, natural food source for many fish and aquatic organisms. You can cultivate algae using simple materials and methods.
Students to design, create and harvest algae by aquaculture. 
Materials needed
Container: glass jars, plastic tubs, or aquariums (5–20 L)
Water: dechlorinated tap water, aged aquarium water, or pond water
Light source: LED grow lights, aquarium lights or natural sunlight
Liquid fertilizer (aquarium plant fertiliser or agricultural fertiliser)
Organic sources (fish tank waste, compost tea or crushed fish food)
Starter culture
Pre-existing aquarium or pond water with algae
Store-bought algae culture (optional)
Scraped algae from rocks, glass, or decorations in an aquarium
Method
1. Prepare the growing container
Choose a clear container (glass or plastic) that allows sunlight or artificial light to penetrate.
Fill it with dechlorinated water or aged aquarium water (ideal for beneficial bacteria).
1. Add nutrients
Mix in a few drops of liquid fertiliser per litre of water, or
Add a small amount of fish food, compost tea or fish tank water to provide nutrients.
1. Introduce algae starter culture
If available, add a cup of algae-rich pond or aquarium water to seed the culture.
Scrape algae from rocks, decorations or aquarium walls and mix it into the water.
1. Provide light
Natural sunlight: place the container near a window or outdoors in a shaded area (avoid overheating).
Artificial light: use LED grow lights or fluorescent tubes on a 12–16-hour cycle for indoor growth.
1. Maintain growth conditions
Temperature: keep between 20 to 28°C.
Aeration (optional): a gentle air pump can increase oxygen and speed up growth.
Stirring: if no air pump is used, stir the water once a day to prevent stagnation.
1. Wait for algae to grow
Algae should start appearing within 5 to 10 days.
The water will turn green (phytoplankton bloom) or form surface/side growth (green filamentous algae).
1. Harvesting algae
For green water algae, use a fine mesh net or pipette to take out some of the culture and add it to your aquarium to feed herbivorous fish, shrimp, fish fry.
For filamentous algae, scrape from container walls and rinse before feeding.


1. Draw your apparatus.
	Sample answer:
[image: Hand-drawn diagram illustrating a clear container filled with algae and water exposed to sun or artificial light, with an air tube labeled "air in" introducing bubbles at the bottom. The diagram demonstrates a basic setup for aerating algae culture using light and air supply.
]


Record your results.
	Sample answer: 
Day 1–2: Water clear, no visible algae
Day 3–5: Slight green tint appears
Day 6–8: Water becomes noticeably green (algae growing)
Day 9–10: Dark green water, strong phytoplankton growth
Observation: Faster growth in containers with more light and nutrients


Complete a PMI – identify one positive, one minus (challenge) and one interesting thing about the setup of the algae.
	Positive
	Sample answer:
Algae grows quickly and provides a natural, nutritious food source for fish and other aquatic organisms.

	Minus/ Challenge
	Sample answer:
It can be difficult to control growth and too much algae can cause poor water quality or unpleasant smells.

	Interesting
	Sample answer:
Algae can grow using just light, water and nutrients, showing how simple aquatic ecosystems can produce food through photosynthesis.




[bookmark: _Toc237607622]Aquaculture
19. [bookmark: _Toc237607623]Investigating the cultural and customary significance of aquaculture to Aboriginal and Torres Strait Islander Peoples
Note: the learning in this section presents Aboriginal innovations that demonstrate sophisticated Knowledge of aquaculture and engineered systems that also carry Cultural and Customary significance. It was developed and used by some Aboriginal Nations; however, it was not used by all Aboriginal Peoples in NSW. Different Nations developed tools and technologies that were suited to their local environments and ways of living on Country.
When teaching this content, it is important to also encourage students to explore the technologies and innovations used by the Aboriginal Peoples of their local area and to seek guidance from local Aboriginal community members or organisations for culturally accurate information.
Activity 19.1
Develop an infographic on an Aboriginal or Torres Strait Islander Peoples aquaculture system.
Step 1: research your selected aquaculture system from the list below. 
Arrawarra fish traps
Barrawina fish traps
Budj Bim eel traps
Torres Strait rock weirs
Make summary notes from your research that include construction methods, use and sustainability. The links below are a good starting point.
Read Living off our waters 
Read Friday essay; traps, rites and kurrajong twine – the incredible ingenuity of Indigenous fishing knowledge 
Read Budj Bim Cultural Landscape
Watch World Heritage Nomination - Budj Bim Cultural Landscape 
	Sample answer for Budj Bim eel traps: 
Construction methods
Built using volcanic basalt stones from lava flows
Created channels, weirs and ponds to control water flow
Designed to trap and store eels
Use
Used to farm and harvest short-finned eels
Allowed people to trap, hold and harvest eels when needed
Supported long-term food supply rather than one-time fishing
Sustainability
Controlled harvesting ensured eels were not overfished
System worked with natural water flows and seasonal cycles
Demonstrates one of the oldest known aquaculture systems in the world


Step 2: create a storyboard for your infographic.
What is the aquaculture system?
Where is it located?
What Aboriginal or Torres Strait Islander Nations used the system?
What was the target species of the system?
How did the system operate?
What is the cultural and customary significance of the aquaculture system?
Is the aquaculture system and example of sustainable harvesting practices? Why or why not?
	Sample answer for Budj Bim eel traps: 
What is the aquaculture system?
A complex system of stone channels and traps used to farm and harvest eels.
Where is it located?
Located in Budj Bim in south-west Victoria, Australia.
What Aboriginal Nation used the system?
The Gunditjmara people.
What was the target species?
Short-finned eel.
How did the system operate?
Water was directed through stone channels into traps where eels were caught. The system allowed people to store live eels and harvest them when needed.
Cultural and customary significance
The system reflects deep knowledge of land and water and is central to Gunditjmara culture, identity and connection to Country.
Is it sustainable? Why or why not?
Yes, it is highly sustainable because it uses natural materials, follows seasonal cycles and avoids overharvesting.


Step 3: develop your infographic.
20. [bookmark: _Toc237607624]Exploring aquaculture and mariculture: practices and species
Note: introduce the types of aquaculture practices, technologies, species and challenges involved. Students could use a graphic organiser to create Venn diagrams, bubble maps or concept maps about the different practices, technologies, species and challenges.
There are many different types of aquacultures, such as intensive and extensive systems:
freshwater aquaculture (for example, pond culture, raceways, tanks, hatcheries, recirculating systems, aquaponics)
marine aquaculture (for example, open-net pens, sea cages) 
integrated multi-trophic aquaculture (IMTA)
traditional aquaculture methods (for example, fish traps, polyculture systems)
species involved in aquaculture, such as:
fish (for example, salmon, barramundi, southern bluefin tuna)
shellfish (for example, oysters, mussels)
algae and seaweed (for example, kelp farming, microalgae)
crustaceans (for example, prawns, shrimp, crabs)
emerging species (for example, sea cucumbers, corals, ornamental fish).


Activity 20.1
Brainstorm challenges involved in aquaculture.
	Insert brainstorming notes here.
Sample answer:
Disease and parasites
High stocking densities can spread infections quickly
Outbreaks can cause major stock losses
Water quality management
Maintaining oxygen levels, temperature and cleanliness is critical
Waste build-up (ammonia, nutrients) can harm stock
Environmental impacts
Nutrient pollution from uneaten feed and waste
Damage to surrounding ecosystems (especially in marine cages)
Feed supply and sustainability
Many farmed fish rely on wild-caught fish for feed (fishmeal/fish oil)
Pressure on wild fisheries resources
Escape of farmed species
Escaped fish can compete with or breed with wild populations
Can disrupt local ecosystems
Climate and weather risks
Storms, heatwaves and changing ocean conditions affect production
Sea-level rise and ocean acidification impact marine systems
High infrastructure and operating costs
Technology-intensive systems (like RAS) are expensive to build and run
Energy costs for pumping, filtration and aeration
Biosecurity risks
Introduction of invasive species or pathogens
Need for strict controls and monitoring
Space and location limitations
Suitable coastal or freshwater sites are limited
Competition with other land/water uses
Regulation and compliance
Strict environmental and food safety laws
Monitoring and reporting requirements can be complex
Ethical and animal welfare concerns
Stocking density and farming conditions
Stress and handling of animals




Activity 20.2
View Aussie seafood farmers you’ve got to meet: A GoodFish Film (2:34).
In small groups, create a concept map comparing different kinds of aquaculture systems.
	Insert concept map here.
Sample answer:


Activity 20.3
Jigsaw activity: select and investigate a specific aquaculture industry from the list at the start of this section.
1. Name the industry.
	Sample answer: Australian oyster aquaculture industry



1. Explain how the industry produces its ‘catch’.
	Sample answer: 
Oyster farming is a form of marine aquaculture where oysters are grown in coastal waters such as estuaries and bays. Juvenile oysters (spat) are collected from hatcheries or natural settlement areas and then placed into growing systems such as baskets, trays or longline structures suspended in the water. Oysters are filter feeders, so they do not require external feed. They grow by filtering plankton and nutrients from the water over 12–24 months until they reach market size. Farmers regularly sort, clean and move oysters to optimise growth conditions before harvesting.


1. List interesting points such as amount produced, numbers of people employed or where the catch is sold.
	Sample answer:
Australia produces tens of thousands of tonnes of oysters annually, with major industries in NSW (Hawkesbury River, Clyde River), Tasmania and South Australia.
The industry employs several thousand people across farming, processing, transport and hospitality sectors.
Oysters are sold domestically to restaurants, seafood markets and supermarkets and also exported to premium overseas markets (especially Asia).
The industry supports regional coastal communities and is often family-owned or small-to-medium business based.
Some farms also contribute to tourism (for example, oyster tastings and farm tours).


1. Evaluate whether it is sustainable.
	Sample answer:
Oyster aquaculture is generally considered highly sustainable compared to many other protein industries. Oysters are filter feeders, meaning they do not require feed inputs like fishmeal, reducing pressure on wild fisheries. They can also improve water quality by removing excess nutrients and particulates from the water. This aligns with the idea from aquaculture systems where farmers act as ‘custodians of waterways’ and contribute to environmental health.
However, sustainability can be affected by water pollution, algal blooms, climate change and disease outbreaks, which can impact stock and water quality. There is also a need to manage farm density and location to avoid ecosystem stress.


21. [bookmark: _Toc237607625]Ethical considerations in aquaculture practices 
Note: introduce the ethical considerations in aquacultural practices such as:
Animal welfare in aquaculture
· Stocking densities and stress management
· Humane handling, transport and slaughter
· Disease control and responsible antibiotic use
Environmental sustainability
· Pollution from aquaculture operations (for example, waste, chemicals)
· Habitat destruction and biodiversity loss
· The impact of escaped farmed species on wild populations
Genetic and biodiversity considerations
· Selective breeding and its impact on genetic diversity
· The ethical debate on genetically modified organisms (GMOs) in aquaculture
Feed sustainability and resource use
· The reliance on wild fish stocks for fishmeal and fish oil
· Feed conversion ratios (kilogram of feed to kilogram of aquaculture species growth)
· Alternative feed sources (for example, plant-based, animal based, microbial proteins)
Socioeconomic and cultural impacts
· Impacts on Indigenous and local fishing communities
· Balancing economic benefits with social responsibility
Consumer transparency and food safety
· Labelling and sustainability certifications (for example, Aquaculture Stewardship Council (ASC), The Marine Stewardship Council (MSC), organic)
· Traceability and preventing seafood fraud
· The role of ethical consumer choices in driving industry change
Activity 21.1
Read Why farmed seafood deserves an ethical debate.
Use the reading strategy below when reading the passage seafood farming.
Reading strategy
1. Read the title and predict the main idea of the text.
2. Scan the text, look at the pictures, do you recognise any words from class? Make another prediction about the main idea.
3. Read the first and last paragraphs. Make another prediction about the main idea.
4. Record your prediction. Use full sentences.
5. Number the paragraphs by writing in the margin. How many are there?
6. Read the text. Circle key terms, underline important points and use a question mark for unknown terms.
1. How do ethical concerns related to farmed salmon and shrimp compare to those of land animals like beef and poultry?
	Sample answer: 
Ethical concerns are similar across both systems because they involve intensive animal production, but they differ in visibility and regulation. Farmed salmon and shrimp often face issues such as high stocking densities, disease and limited welfare protections, especially for invertebrates like shrimp. These systems are harder to observe and regulate because they occur underwater. In contrast, beef and poultry farming raises concerns about confinement, rapid growth rates and large environmental impacts like methane emissions and land use change. Overall, aquaculture welfare issues are less visible but can be equally significant, while land-based livestock systems are more regulated and publicly scrutinised.


What are some potential harms caused by industrial-scale aquaculture mentioned in the article?
	Sample answer:
Industrial-scale aquaculture can lead to environmental and ethical harms such as pollution from waste and uneaten feed, spread of disease and parasites and damage to surrounding ecosystems. There is also the risk of farmed fish escaping and impacting wild populations. In addition, the use of wild fish in feed (fishmeal and fish oil) can place pressure on wild fisheries. Large-scale operations may also reduce water quality and biodiversity if not properly managed.


Why is the ethical debate around aquaculture described as ‘not straightforward’?
	Sample answer:
The ethical debate is not straightforward because aquaculture can produce both positive and negative outcomes. On one hand, it provides an efficient source of protein and can reduce pressure on wild fisheries. On the other hand, some systems create environmental damage, raise animal welfare concerns and rely on wild-caught feed inputs. The complexity increases because impacts vary widely depending on species, farming method and location, making it difficult to classify aquaculture as simply ‘good’ or ‘bad’.


How does the scale and type of aquaculture operation affect its ethical implications?
	Sample answer:
Scale and system type strongly influence ethical outcomes. Large industrial farms often have higher risks of pollution, disease spread and welfare concerns due to dense stocking and intensive production. Smaller or more traditional systems tend to have lower environmental impacts and may better integrate with local ecosystems. Systems such as integrated multi-trophic aquaculture (IMTA) can improve sustainability by recycling nutrients, while poorly managed intensive systems can amplify ethical and environmental problems.


According to the text, what role does small-scale aquaculture play in addressing ethical issues?
	Sample answer:
Small-scale aquaculture can reduce ethical concerns by lowering environmental impact and improving manageability. It often uses fewer inputs, produces less waste and allows for closer monitoring of animal welfare. It can also be more closely connected to local ecosystems and communities, making it easier to maintain sustainable practices. However, it may not meet global demand on its own, so it is often seen as part of a broader solution rather than a complete replacement for industrial systems.


Why is it important to shape industrial aquaculture policies as the industry grows?
	Sample answer:
It is important to develop strong policies early because the aquaculture industry is expanding rapidly. Without clear regulations, there is a risk of environmental degradation, poor animal welfare standards and unsustainable practices becoming widespread. Effective policy can ensure responsible growth by setting limits on pollution, improving welfare standards, protecting ecosystems and encouraging innovation in sustainable systems. This helps balance the need for food production with long-term environmental and ethical responsibility.




Activity 21.2
Visit the Marine Stewardship Council’s Sustainable Seafood Guide.
Select a seafood species as a sustainable choice. Justify your response.
	Sample answer:
I have selected Australian farmed mussels as a sustainable seafood choice from the Marine Stewardship Council (MSC) Sustainable Seafood Guide. Mussels are considered highly sustainable because they are bivalve filter feeders, meaning they do not require external feed inputs such as fishmeal or fish oil. Instead, they naturally filter plankton and nutrients from the water, which reduces pressure on wild fish stocks and lowers the environmental impact of production. Mussel farming systems, such as longlines and ropes, also have minimal disturbance to the seabed compared to more invasive fishing or aquaculture methods, making them a low-impact form of food production.
Mussel aquaculture can actively contribute to environmental improvement by enhancing water quality, as mussels remove excess nutrients and suspended particles from the water column. This makes them one of the few forms of food production that can have a net positive environmental effect. They also require no freshwater, fertilisers, or feed production, which reduces energy use and greenhouse gas emissions. Overall, mussels are a sustainable choice because they are efficient to farm, environmentally beneficial and provide a reliable source of protein with minimal ecological footprint.




22. [bookmark: _Toc237607626]Life cycles of aquaculture species
Note: introduce the various life cycles of key aquaculture species, including fish, shellfish and crustaceans. Focus on egg, larval, juvenile, adult and reproductive stages. Examples include: 
· fish (for example, salmon, barramundi)
· shellfish (for example, oysters, mussels)
· crustaceans (for example, prawns, shrimp, crabs, lobsters)
· seaweed and algae
· hard and soft corals
· marine display organisms
Activity 22.1 
How to make an Artemia (brine shrimp) hatchery using a plastic bottle
Note: this activity could run concurrently with aquarium maintenance with the brine shrimp used as a food source for aquarium fish.
Practical activity: students undertake a practical investigation constructing and maintaining an Artemia brine shrimp hatchery, observing their life cycle from hatching to adulthood. Students could also observe the different stages of the life cycle with the aid of a microscope.
Materials needed
One clear plastic bottle (1 to 2 L)
Air pump with tubing and air stone (optional but recommended)
Aquarium salt or non-iodized salt
Baking soda (optional, for pH adjustment)
Brine shrimp (Artemia) eggs
Water (dechlorinated or distilled preferred)
Small drill or sharp knife (to make holes)
Light source (lamp or natural light)
Step-by-step instructions
1. Prepare the plastic bottle
Cut the plastic bottle at about ⅔ of its height. Keep the top portion; this will be inverted to act as a funnel.
Drill or poke a small hole in the bottle cap and insert the air tubing through it if using an air pump.
1. Assemble the hatchery
Invert the top part of the bottle and place it inside the bottom half like a funnel. This helps collect the hatched Artemia.
If using an air pump, place the air stone at the bottom of the bottle for continuous aeration.
1. Prepare the hatching solution
Fill the bottle with one litre of dechlorinated water (or as per bottle size).
Add 1–2 teaspoons of aquarium salt and stir until dissolved. A 25 parts per thousand (ppt) salt solution is ideal
(Optional) Add a pinch of baking soda to maintain a pH around 8.0 if needed.
1. Add Artemia eggs
Sprinkle ¼ to ½ teaspoon of Artemia eggs into the solution.
1. Aerate the water (if using a pump)
Turn on the air pump to ensure constant movement and oxygenation. This prevents eggs from settling and promotes hatching.
1. Provide heat and light
Place the hatchery in a warm area (25 to 28°C) or use an aquarium heater.
A light source (lamp or indirect sunlight) should be present, as Artemia eggs require light to hatch efficiently.
1. Wait for hatching
Artemia typically hatch within 24 to 48 hours.
After hatching, the baby brine shrimp (nauplii) will swim towards the light.
1. Harvesting
Turn off the air pump and wait a few minutes for unhatched eggs to settle.
Shine a light on one side of the bottle; the shrimp will gather there.
Use a turkey baster, pipette or fine mesh net to collect them.
Rinse with fresh saltwater if being used to feed fish or aquatic organisms.
Activity 22.2
How to grow Artemia (brine shrimp) to adulthood
Note: this activity could run concurrently with aquarium maintenance using the brine shrimp as a food source for aquarium fish.
Practical activity: raising Artemia (brine shrimp) beyond the nauplius stage to adulthood requires proper water conditions, food and aeration. Follow this guide to successfully grow Artemia to their full size (about 10 to 15 mm).
Materials needed
Large container (10 to 20 L, such as an aquarium or plastic tub)
Air pump with tubing and air stone
Aquarium salt (non-iodized sea salt or marine salt)
Baking soda (optional, to maintain pH)
Brine shrimp eggs (Artemia cysts)
Freshwater for top-ups
Light source (lamp or natural light)
Fine mesh net or sieve (for harvesting)
Food sources
Spirulina powder
Yeast (baker’s or brewer’s yeast)
Wheat flour or soybean flour (optional)
Phytoplankton or green water (if available)
Commercial liquid fry food
Step-by-step instructions
1. Set up the growth tank
Use a 10 to 20 L container with at least 5 L of saltwater initially.
Prepare a salinity of 25 to 35 ppt (one tablespoon of salt per litre of water).
Keep pH between 8.0 to 8.5 (add baking soda if needed).
Maintain a temperature of 24 to 28°C.
Provide a light source for at least 12 hours per day to promote growth.
1. Aerate the water
Install an air pump with an air stone to provide continuous gentle aeration.
Avoid using a strong air stream that could harm small shrimp.
1. Introduce hatched nauplii
Transfer newly hatched Artemia from your hatchery into the growth tank using a pipette, turkey baster or fine mesh net.
1. Feeding schedule
Start feeding after 24 to 48 hours, once the nauplii have absorbed their yolk sac.
Feed small amounts 2 to 3 times a day.
Food options
Spirulina powder: mix with water and add a few drops.
Yeast (very fine powder): dissolve in water before adding.
Phytoplankton/green water: if available, it’s a natural and ideal food.
Commercial fry food: use liquid or powdered formulations for small fry.
Avoid overfeeding, as uneaten food can degrade water quality.
1. Water quality maintenance
Perform partial water changes (10 to 20%) every few days using fresh saltwater.
Remove uneaten food and waste using a fine siphon.
Top up freshwater as needed to compensate for evaporation.
1. Growth stages and timeframe
Day 1–2: nauplii hatch and start feeding.
Day 5–7: shrimp begin growing visible segmentation.
Day 10–14: juveniles become more active and grow legs.
Day 20–30: brine shrimp reach adulthood and can reproduce.
1. Harvesting adult Artemia
Use a fine mesh net or a light source to attract and scoop out adult shrimp.
Rinse with fresh saltwater before feeding to fish or aquariums.
Observe different stages of the life cycle using light microscopes.
23. [bookmark: _Hlk199492119][bookmark: _Toc237607627]Environmental requirements for aquaculture production
Activity 23.1
Note: refer to Fish – aquaculture from the department’s Animals in schools webpage when setting up and maintaining aquaculture environments.
The teacher introduces key environmental requirements for aquaculture such as:
· Water quality (pH, dissolved oxygen, salinity, ammonia, nitrates)
· Temperature regulation and seasonal variations
· Light exposure and photoperiod effects on growth
· Nutrient cycling and waste management
· Habitat structure (ponds, tanks, cages, raceways)
Complete a Jigsaw for the selected species and explain the requirements for list above.
1. In your allocated group, research and complete the table below for one of the selected species.
1. Share your knowledge with the group.
1. Document findings from other groups.
Table 27 – environmental conditions needed for selected species
	Requirements
	Species 1

	Water quality (pH, dissolved oxygen, salinity, ammonia, nitrates)
	Sample answer:
Salmon require high-quality, well-oxygenated water to survive, particularly in intensive farming systems such as sea cages. They thrive in cold, clean seawater with stable salinity conditions (around 30–35 ppt in marine phase) and are very sensitive to low dissolved oxygen levels. Ammonia and nitrate levels must be carefully managed because waste from feed and fish excretion can quickly degrade water quality. Strong ocean currents are important in open-net pens to flush waste and maintain suitable conditions.

	Temperature regulation and seasonal variations
	Sample answer:
Salmon are cold-water fish and grow best in cooler temperatures, typically between 8–14°C. If water becomes too warm, salmon experience stress, reduced feeding and higher risk of disease. Seasonal variation affects growth rates, with faster growth in optimal cooler periods. In aquaculture systems, site selection is critical, with farms located in colder southern waters to match salmon biological needs.

	Light exposure and photoperiod effects on growth
	Sample answer:
Light and photoperiod play an important role in regulating salmon growth, smoltification (transition from freshwater to saltwater) and reproduction. Longer daylight hours can stimulate feeding and growth, while controlled lighting may be used in hatcheries to manipulate growth cycles. In sea cages, natural light conditions also influence fish behaviour and schooling patterns.

	Nutrient cycling and waste management
	Sample answer:
Salmon farming produces significant organic waste from uneaten feed and faeces, which can accumulate under sea cages and impact seabed ecosystems. This includes increased nitrogen and phosphorus levels that may lead to localised pollution if not well managed. Waste management strategies include careful feed control, fallowing sites and selecting locations with strong currents to disperse nutrients. Compared to low-trophic species, salmon farming has a higher environmental footprint due to feed inputs and waste output.

	Habitat structure (ponds, tanks, cages, raceways)
	Sample answer:
Salmon are farmed primarily in open-net sea cages located in sheltered coastal waters. These cages allow water to flow freely through the system, providing oxygen and removing waste. In earlier life stages, salmon are raised in freshwater hatcheries and tanks before being transferred to marine cages. The habitat structure must balance natural conditions with control systems, ensuring fish have enough space to swim while maintaining efficient production.


Table 28 – environmental conditions needed for selected species
	Requirements
	Species 2

	Water quality (pH, dissolved oxygen, salinity, ammonia, nitrates)
	

	Temperature regulation and seasonal variations
	

	Light exposure and photoperiod effects on growth
	

	Nutrient cycling and waste management
	

	Habitat structure (ponds, tanks, cages, raceways)
	


Table 29 – environmental conditions needed for selected species
	Requirements
	Species 3

	Water quality (pH, dissolved oxygen, salinity, ammonia, nitrates)
	

	Temperature regulation and seasonal variations
	

	Light exposure and photoperiod effects on growth
	

	Nutrient cycling and waste management
	

	Habitat structure (ponds, tanks, cages, raceways)
	




24. [bookmark: _Toc237607628]Propagation, nutrition technologies and practices in aquaculture 
Note: introduce propagation technologies in aquaculture such as:
· hatchery operations and breeding techniques
· artificial spawning and larval rearing methods
· egg collection, fertilisation and incubation
· survival rates and factors affecting early-stage growth.
Activity 24.1
Use the reading strategy below when reading the passage about salmon farming.
Reading strategy
1. Read the title and predict the main idea of the text.
2. Scan the text, look at the pictures, do you recognise any words from class? Make another prediction about the main idea.
3. Read the first and last paragraphs. Make another prediction about the main idea.
4. Record your prediction. Use full sentences.
5. Number the paragraphs by writing in the margin. How many are there?
6. Read the text. Circle key terms, underline important points and use a question mark for unknown terms.
Salmon farming: how salmon are raised and fed
Salmon farming is a way to raise salmon fish in a controlled environment instead of catching them in the wild. This helps make sure wild salmon don’t run out. Female salmon lay thousands of eggs and male salmon fertilise them. These eggs are kept in tanks with clean, cold water until they hatch. When the eggs hatch, the baby fish are called alevins. They have a small food sack attached that feeds them for a while. After this sack is gone, the fish are called fry and they start eating tiny food particles. As the fish grow, they become smolts. This means they get ready to live in saltwater instead of freshwater. Farmers then move the smolts to big nets in the ocean where they grow bigger. After one or two years, the salmon are ready to be caught and eaten.
Feeding salmon the right food is very important. Salmon feed is made to give the fish all the nutrients they need to grow strong and healthy. The food usually has fishmeal and fish oil, which come from other fish, plus plants like soy and corn. Vitamins and minerals are added too. Farmers use machines that feed the salmon little by little during the day. This helps stop wasting food. They also watch the fish to make sure they are eating enough but not too much. Scientists are now making new types of feed from algae and insects to replace some fishmeal. These new feeds help protect the environment and wild fish.
By raising salmon carefully and feeding them well, farmers can grow healthy fish and help protect wild salmon. This means we can all enjoy salmon for a long time without harming the oceans. Salmon farming is getting better with new ideas to make it safer for nature and people.
1. Why do farmers start raising salmon in tanks before moving them to the ocean?
	Sample answer:
Farmers begin raising salmon in tanks because the early life stages (eggs, alevins and fry) need controlled conditions to survive. Tanks provide clean, cold and safe freshwater where temperature, oxygen levels and feeding can be carefully managed. This improves survival rates and allows the fish to grow strong before being transferred to sea cages. It also helps prepare the salmon for the transition from freshwater to saltwater during the smolt stage.


1. What might happen if salmon are not fed the right food?
	Sample answer:
If salmon are not fed the correct diet, they may grow poorly, become unhealthy and have weaker immune systems, making them more vulnerable to disease. Poor nutrition can also lead to slower growth rates and lower-quality fish. In addition, unbalanced feeding can increase waste in the water if food is not properly digested or if uneaten feed accumulates in the environment.


1. How do new types of salmon feed help the environment?
	Sample answer:
New salmon feeds made from sources like algae and insects reduce the need for fishmeal and fish oil, which are traditionally taken from wild fish populations. This helps reduce pressure on wild fisheries and supports ocean biodiversity. These alternative feeds can also lower the environmental footprint of salmon farming by making the industry more sustainable and reducing reliance on wild-caught feed inputs.


1. Why is it important to protect wild salmon populations?
	Sample answer:
Protecting wild salmon populations is important because they play a key role in marine and freshwater ecosystems, including nutrient cycling and supporting food webs. Wild salmon are also important for biodiversity, cultural value and commercial and recreational fishing industries. If wild populations decline, it can disrupt ecosystems and reduce genetic diversity that may be important for the long-term resilience of the species.


1. Can you think of other ways technology might help make salmon farming better in the future?
	Sample answer:
Technology could improve salmon farming through the use of automated feeding systems that reduce waste and improve efficiency, as well as advanced sensors that monitor water quality in real time. Recirculating aquaculture systems (RAS) could reduce environmental impacts by treating and reusing water. Drones and AI imaging could help monitor fish health and detect disease early, while genetic research may help develop more disease-resistant and fast-growing salmon strains.


Activity 24.2
View A better way to farm fish? – FT Food Revolution (11:40).
Respond to the following questions.
1. How does the Recirculating Aquaculture System (RAS) technology used at the Sustainable Blue farm contribute to disease control and environmental sustainability in land-based salmon farming?
	Sample answer: 
The RAS technology continuously recycles the water within the system, creating a controlled environment that reduces the risk of disease. This system allows the fish to remain disease free without the use of antibiotics or pesticides. Additionally, because the system is land-based and closed, it prevents waste discharge into the ocean, thereby reducing environmental impact compared to open-net pen farming.


What are the challenges associated with the traditional fish feed ratio in salmon farming and how is Sustainable Blue attempting to address these challenges through alternative nutrition technologies?
	Sample answer: 
Traditionally, it took about 3 kilos of wild fish to produce one kilogram of farmed salmon, which is unsustainable because it depletes wild fish stocks. Although this ratio has improved to about 1.5 kilograms of wild fish per kilogram of salmon, it remains a concern. Sustainable Blue is addressing this challenge by trialling alternative feeds such as black soldier fly larvae, which can be grown on food waste, reducing reliance on ocean-based feed sources.


How does the use of black soldier fly larvae as a feed source for salmon reflect innovative nutrition practices in aquaculture and what environmental benefits does this approach offer?
	Sample answer: 
Feeding salmon with black soldier fly larvae is innovative because it mimics natural salmon diets, which include insects and creates a high-protein feed without relying on wild fish. This practice recycles organic waste into valuable protein, reducing pressure on wild fish populations and supporting circular economy principles. It also promotes sustainability by minimising environmental impacts associated with traditional fish feed production.


In what ways does land-based salmon farming differ from open-net pen ocean farming in terms of propagation practices, fish health and environmental impact?
	Sample answer: 
Land-based farming uses controlled environments like RAS, which help keep fish healthy by minimising exposure to ocean threats such as temperature swings, parasites like sea lice and disease. Open-net pen farming often involves high fish densities in open water, leading to high mortality rates (20–25%) and environmental issues such as fish waste discharge and parasite outbreaks. Land-based farms avoid these problems and do not impact wild marine ecosystems, making them a more sustainable option.


[bookmark: _Hlk205372716]

25. [bookmark: _Toc237607629]Economic, ethical and sustainability considerations in commercial aquaculture
Activity 25.1
Note: introduce economic, ethical and sustainability considerations in aquaculture from the previous learning.
Perspectives activity: break the class into 3 groups to address the following concerns: ethical, economic and sustainability. Within each group, allocate students to each thinking hat. Each student reads the case study and completes their section of the template prior to group discussion.
Facilitate a class discussion prior to students completing the case study questions.
Case study: sustainable aquaculture at BlueWave Farms
BlueWave Farms is a coastal aquaculture business specialising in farming Atlantic salmon. Over the past 10 years, the farm has expanded to supply fresh salmon to local and international markets. With increasing demand, BlueWave Farms is planning to grow its production. However, this growth must be carefully managed to balance economic profitability, ethical treatment of the fish and environmental sustainability.
Economic considerations
Investing in new technologies like automated feeders and water monitoring systems can increase efficiency by ensuring fish are fed the right amount at the right time and by maintaining optimal water conditions for growth.
These investments require significant upfront costs but can reduce losses due to disease and improve growth rates.
Expanding production too quickly may lead to operational challenges such as insufficient staff training or infrastructure limitations, which could cause financial losses.
BlueWave Farms sells salmon at competitive prices and must ensure that production costs do not exceed profits to remain financially viable.
Ethical considerations
Fish are living creatures capable of feeling stress and pain, so it is important to avoid overcrowding in pens, which can increase aggression and disease.
Humane handling techniques during harvesting, such as reducing handling time and avoiding unnecessary stress, improve fish welfare.
Transparency with consumers about farming practices helps build trust. For example, providing information on how fish are raised and the welfare standards followed.
Regulatory bodies have guidelines and regulations to ensure fish welfare and farms are required to comply with these standards to maintain their license to operate.
Sustainability considerations
Aquaculture can affect nearby ecosystems through nutrient runoff (uneaten feed and waste), leading to water pollution and algae blooms, which deplete oxygen and harm other aquatic life.
Salmon farms may transmit diseases to wild fish populations if biosecurity is not properly managed.
Using feed made from wild fish can contribute to overfishing, so farms are looking to replace fishmeal with plant-based or insect-based protein sources.
Strategies like rotating farming locations and improving waste capture systems can reduce environmental impacts.
Sustainable certification programs exist to guide and verify responsible aquaculture practices; consumers increasingly prefer certified products.


Six thinking hats
Table 30 – thinking hat documentation table
	Hat
	Focus
	Insights

	White hat[image: ]
	What do I know?  
What is the current information on the issue?  
What do I need to find out?  
How will I get the information I need? 
	(Information, facts, data)
Sample answer:
BlueWave Farms is expanding Atlantic salmon production to meet growing demand in local and international markets. The farm is considering investing in automated feeders and water quality monitoring systems to improve efficiency and reduce losses. Key issues include fish welfare, environmental impacts such as nutrient pollution and economic viability. I need to find out the cost of new technologies, disease risks in high-density farming and the effectiveness of sustainability certifications. This information can be gathered from industry reports, scientific studies and aquaculture regulatory guidelines.

	Red hat [image: ]
	How do I feel about this?  
What do I like about the idea?  
What don’t I like about this? 
	(Intuition, feelings, emotions)
Sample answer:
I feel positive about the idea of improving technology because it could make farming more efficient and reduce waste. However, I feel concerned about overcrowding fish and the stress it may cause them. I also feel uneasy about the environmental impacts on surrounding ecosystems. I like that consumers are becoming more aware of where their food comes from, but I don’t like the idea of profit being prioritised over animal welfare.

	Black hat [image: ]
	What is wrong with this?  
What are the negative aspects of the current issue?  
Will this work?  
Is it safe? 
	(Judgement, analysis, negatives)
Sample answer:
Expanding too quickly could lead to poor management, higher disease outbreaks and financial losses. High stocking densities may increase stress, aggression and fish mortality. Environmental risks include nutrient pollution, algal blooms and disease transfer to wild fish populations. There is also a risk that expensive technology may not deliver expected returns, putting financial pressure on the business. If not managed properly, the farm could lose its sustainability certification and consumer trust.

	Yellow hat [image: ]
	What are the good points? 
What are the positive aspects of the current issue?  
Why can this be done?  
Why is this a good thing?
	(Benefits, positives)
Sample answer:
Salmon farming provides a reliable source of protein and supports economic growth and employment. New technologies like automated feeding and water monitoring can improve efficiency and reduce waste. Sustainable practices can help reduce pressure on wild fish stocks. If managed well, BlueWave Farms can expand production while maintaining profitability and meeting global demand for seafood. Certification schemes can also improve market access and consumer confidence.

	Green hat [image: ]
	What new ideas are possible?  
What is my suggestion?
Can I create something new? 
	(Ideas, alternatives, creativity)
Sample answer:
BlueWave Farms could adopt integrated multi-trophic aquaculture (IMTA), where shellfish and seaweed are farmed alongside salmon to absorb waste nutrients. AI-based monitoring systems could detect disease early and improve fish welfare. The farm could trial alternative feeds such as algae or insect protein to reduce reliance on wild fish. Rotating farm sites and developing semi-closed containment systems could also reduce environmental impacts.

	Blue hat [image: ]
	What thinking is needed?  
Where are we now? 
	(Processes, thinking about thinking)
Sample answer:
The key issue is balancing economic growth with ethical responsibility and environmental sustainability. The farm must carefully plan expansion to avoid risks such as disease outbreaks and environmental damage. A structured approach is needed, starting with assessing current capacity, then implementing technology upgrades and finally expanding production gradually. Decision-making should be guided by sustainability standards and ongoing monitoring of environmental and welfare outcomes.


Case study questions
1. How can BlueWave Farms balance the costs of new technology with potential economic gains?
	Sample answer: 
BlueWave Farms can balance costs by investing gradually in technology and prioritising systems that provide clear efficiency benefits, such as automated feeders that reduce feed waste. Cost-benefit analysis should be used to evaluate long-term savings from reduced disease and improved growth rates. Government grants or sustainability incentives may also help offset upfront investment costs.


What are the risks of expanding too quickly without proper planning?
	Sample answer:
Rapid expansion can lead to inadequate infrastructure, insufficient staff training and poor farm management. This increases the risk of disease outbreaks, fish mortality and environmental damage. It may also reduce product quality and profitability if systems become overloaded or poorly maintained.


What ethical responsibilities does BlueWave Farms have towards its farmed fish?
	Sample answer:
BlueWave Farms has a responsibility to ensure good animal welfare by avoiding overcrowding, minimising stress and using humane handling and slaughter methods. Fish should be provided with appropriate water quality and living conditions. Ethical responsibility also includes complying with welfare regulations and reducing unnecessary suffering throughout the production process.


How can the farm ensure transparency and build trust with consumers regarding animal welfare?
	Sample answer:
The farm can build trust by openly sharing information about farming practices, including stocking densities, feeding methods and welfare standards. Third-party certification schemes can verify ethical and sustainable practices. Farm tours, reporting and clear labelling of products can also help consumers understand how their food is produced.


What are the environmental risks associated with salmon farming?
	Sample answer:
Environmental risks include nutrient pollution from waste and uneaten feed, which can lead to algal blooms and oxygen depletion. There is also the risk of disease and parasite transfer to wild fish populations, as well as potential impacts from escaped farmed salmon. Feed sourcing from wild fish can also contribute to overfishing pressures.


How can BlueWave Farms adopt sustainable practices to protect local ecosystems while maintaining production?
	Sample answer:
BlueWave Farms can adopt practices such as improved feed management to reduce waste, using alternative feed sources like plant or insect protein and implementing fallowing periods to allow ecosystems to recover. Integrated systems like IMTA could help absorb nutrients, while real-time water quality monitoring can prevent environmental damage. Seeking sustainability certification can also guide best practice and ensure ongoing environmental protection.




26. [bookmark: _Toc237607630]Strategies and technologies for disease and pest prevention in aquaculture 
Note: introduce common diseases and pests in aquaculture such as:
· bacterial, viral, fungal and parasitic diseases (for example, white spot disease in prawns, sea lice in salmon)
· invasive species and pests affecting aquaculture production
Digital presentations should be informative, including images and text.
Activity 26.1
In small groups, create a digital presentation to present to the class on a specific aquaculture disease or pest including its causes, impacts and control measures.
Your presentation should address at least one point from each column of the table below.
Table 31 – presentation requirements
	Biosecurity and prevention strategies
	Disease prevention technologies

	Quarantine measures for new stock
Water quality management to reduce disease risks
Vaccination programs and selective breeding for disease resistance
	Remote sensing and water quality monitoring tools
AI and machine learning for early disease detection
Use of probiotics and immunostimulants in aquaculture feeds


Table 32 – presentation planning template
	Task
	Response

	Identify the disease or pest to be researched
	Sample answer:
The disease selected is sea lice (Lepeophtheirus salmonis), a parasitic copepod that affects farmed Atlantic salmon in marine aquaculture systems.

	Describe its causes
	Sample answer:
Sea lice are external parasites that naturally occur in marine environments. They become a problem in aquaculture when high densities of farmed salmon provide ideal conditions for rapid reproduction and spread. Poor water flow and close proximity of sea cages can increase infestation rates and transmission between farms and wild fish.

	Describe its impact
	Sample answer:
Sea lice attach to the skin of salmon and feed on their mucus, skin and blood, causing stress, injury and increased susceptibility to secondary infections. Severe infestations can reduce growth rates, increase mortality and cause significant economic losses. They can also spread to wild salmon populations, impacting biodiversity and ecosystem health.

	Describe any control measures
	Sample answer:
Control measures include chemical treatments (medicated baths or feed additives), biological controls such as cleaner fish (for example wrasse) and mechanical removal systems like freshwater or thermal baths. Farmers also reduce stocking density and rotate farm sites (fallowing) to break the parasite life cycle.

	Explain how biosecurity and prevention strategies could mitigate the risks
	Sample answer:
Biosecurity measures such as quarantine of new stock can prevent introducing infected fish into farms. Strong water quality management reduces stress on fish, making them less vulnerable to parasites. Vaccination and selective breeding programs can improve resistance to disease and reduce overall infection rates. Together, these strategies limit the spread and severity of sea lice outbreaks across aquaculture systems.

	Explain a suitable disease prevention strategy
	Sample answer:
A suitable prevention strategy is the use of remote sensing and AI-based monitoring systems. These technologies can detect early changes in fish behaviour, growth rates and water quality that may indicate the presence of sea lice. Real-time monitoring allows farmers to respond quickly before outbreaks become severe. In addition, integrating probiotics and immunostimulants in feed can strengthen fish immune systems, reducing susceptibility to infestation and improving overall health.




27. [bookmark: _Toc237607631]Emerging technologies in aquaculture and their impact
Note: prior to students watching short videos and engaging in discussion-based activities, introduce each impact on society and the environment using points included in the teaching and learning programs.
Activity 27.1
View Farming Fish on Land? Recirculating Aquaculture (4:27).
Think-Pair-Share
1. Document how you think this technology might affect fish farming share your thoughts with a partner.
Discuss your ideas with a peer. Record their responses.
Share your ideas with the class. Document additional responses from other pairs. 
Table 33 – seafood source Think-Pair-Share table
	Think
	Pair
	Share

	Sample answer:
This technology (recirculating aquaculture systems and controlled land-based farming) could significantly improve fish farming by making it more efficient and environmentally controlled. Because water conditions such as temperature, salinity and oxygen can be managed, fish can grow in optimal conditions all year round. This may increase growth rates, reduce disease risk and improve overall fish welfare. It could also reduce the impact on oceans because waste and water are contained and treated rather than released into the environment. However, it may also increase energy use and require high upfront investment costs, which could limit access for smaller producers.
	Sample answer:
My partner suggested that this technology could help reduce overfishing because more seafood can be produced on land instead of relying on wild fish stocks. They also mentioned that RAS systems could improve food security by allowing fish to be farmed closer to consumers, reducing transport costs and keeping seafood fresher. However, they raised concerns that these systems might make aquaculture more industrialised and less natural and that energy use could be a sustainability issue if not powered by renewable sources.
	Sample answer:
From class discussion, other students highlighted that RAS technology could make aquaculture more resilient to climate change because conditions are controlled and not dependent on ocean temperatures or storms. Others noted that this system could improve biosecurity by preventing fish escapes and reducing disease transfer to wild populations. However, some students also pointed out that traditional coastal aquaculture may still be more cost-effective and that a balance between land-based and ocean-based systems is likely to be needed. Overall, there was agreement that technology is improving sustainability but also changing the scale and intensity of fish farming.


Activity 27.2
View Companies raising salmon on land face pushback over sustainability and genetic engineering (7:18).
Discuss the impacts of emerging technology used in aquaculture.
	Sample answer:
Emerging technologies in aquaculture, such as land-based recirculating aquaculture systems (RAS) and genetically modified salmon, have significant impacts on fish farming by increasing production efficiency and enabling more controlled, localised food production. These systems allow farmers to carefully manage water quality, temperature and feeding conditions, which can improve fish growth rates, reduce disease risk and support higher yields closer to consumers, helping to meet growing global seafood demand. However, the technology also brings important challenges, including high energy use, expensive infrastructure and ongoing concerns about environmental sustainability. Genetically modified salmon in particular has raised ethical and social debate, with critics questioning human health impacts, animal modification and cultural concerns, leading to public opposition and market resistance. Overall, while emerging aquaculture technologies offer clear benefits for food production and supply efficiency, they also create complex environmental, ethical and economic trade-offs that need careful management.


Activity 27.3
View MariFeeder: Advanced Automatic Fish Feeder for Modern and Sustainable Aquaculture (7:11).
Discuss the societal, environmental and economic impacts of emerging aquaculture technology.
	Sample answer:
Emerging aquaculture technologies such as automated feeding systems have significant societal, environmental and economic impacts on fish farming. Economically, they improve efficiency by reducing feed waste and labour costs while increasing growth rates and overall productivity, making farms more profitable and scalable. Environmentally, precise feeding and integrated monitoring systems can reduce pollution, improve water quality and help prevent fish stress and disease, although increased automation and intensification may still raise energy use and environmental pressure. Socially, these technologies support global food security by enabling more reliable seafood production but can also reduce manual labour roles and shift the workforce toward more technical skills. Overall, while these innovations improve efficiency and sustainability, they also bring challenges related to employment, energy use and responsible industry growth.




28. [bookmark: _Toc237607632]The relationship between aquarium keeping and aquacultural practices
Activity 28.1
Scenario 1 – the coral breeding project
A marine research centre has started a coral breeding project to provide healthy corals for public aquariums. Previously, many public aquariums bought wild corals taken from reefs, which sometimes damaged the reef ecosystems. The centre now grows corals on underwater ‘coral farms’, then supplies them to aquariums.
Questions
1. Why is growing corals on coral farms better for the environment than taking them directly from the wild?
	Sample answer:
Growing corals on coral farms reduces the need to remove corals from natural reef ecosystems, which helps protect reef biodiversity and structure. Wild harvesting can damage reefs and disrupt habitats for other marine species, whereas coral farms allow corals to be bred in controlled environments and then supplied to aquariums without harming natural populations.


How might public aquariums benefit from using corals bred in aquaculture?
	Sample answer:
Public aquariums can access healthy, disease-free corals that are already adapted to captive conditions, improving survival rates and display quality. It also ensures a more reliable and ethical supply chain, allowing aquariums to educate the public about sustainability while avoiding negative environmental impacts from wild collection.


What challenges do you think the coral breeding project might face?
	Sample answer:
The project may face challenges such as slow coral growth rates, high maintenance costs and the need for very precise water quality and lighting conditions. Corals are sensitive organisms, so maintaining stable environments can be difficult. There may also be limited genetic diversity if breeding populations are too small.


Scenario 2 – home aquarium owner supports sustainable fish farming
Lila loves keeping exotic fish in her home aquarium. She used to buy wild-caught fish from a local pet store but recently switched to buying only fish bred in aquaculture farms. The aquaculture farm also teaches her how to care for the fish to keep them healthy and reduce stress.
Questions
1. What effect does buying aquaculture fish have on wild fish populations?
	Sample answer:
Buying aquaculture-bred fish reduces pressure on wild fish populations because fewer fish need to be captured from natural environments. This helps protect biodiversity and supports the recovery of wild stocks that may be overfished due to demand from the aquarium trade.


How does learning about fish care from the aquaculture farm benefit Lila and her fish?
	Sample answer:
Learning proper fish care helps Lila maintain healthier aquarium conditions, reducing stress and disease in her fish. It also improves her understanding of feeding, water quality and tank management, leading to better survival rates and a more stable aquarium environment.


What might happen if more aquarium hobbyists chose aquaculture fish over wild-caught fish?
	Sample answer:
If more hobbyists chose aquaculture fish, demand for wild-caught ornamental fish would decrease, reducing pressure on natural ecosystems. This could lead to healthier wild populations and more sustainable aquarium trade practices globally, while also encouraging further development of responsible fish farming industries.


Scenario 3 – aquarium trade and community fish farms
A small coastal town has developed a fish farming business to breed and sell clownfish to aquarium shops worldwide. This new aquaculture initiative has created jobs, reduced fishing pressure on wild clownfish and raised awareness about sustainable aquarium keeping among locals.
Questions
1. How can local fish farms provide economic and environmental benefits to the community?
	Sample answer:
Local fish farms create jobs and stimulate the local economy by producing and exporting fish such as clownfish. Environmentally, they reduce the need to harvest wild fish, helping protect reef ecosystems and marine biodiversity. They also promote sustainable practices within the community.


1. Why is reducing fishing pressure on wild clownfish important?
	Sample answer:
Reducing fishing pressure is important because wild clownfish populations are part of delicate reef ecosystems. Overharvesting can disrupt food webs and reduce biodiversity. Protecting wild populations ensures ecosystem stability and long-term survival of reef habitats.


1. How might this local fish farming project inspire better aquarium keeping practices globally?
	Sample answer:
The project can raise awareness about sustainable aquarium keeping by showing that fish can be responsibly bred rather than taken from the wild. It may encourage international hobbyists and businesses to adopt aquaculture-sourced fish, improving global conservation outcomes and promoting ethical aquarium practices.
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[bookmark: _Toc237607634]The importance of water quality and monitoring
	Parameter
	Water quality test
	Equipment
	Importance
	Impact
	Control methods

	pH
	Measures acidity or alkalinity of water
	pH test strips, electronic pH meter, chemical kits
	Essential for fish health, metabolic processes and treatment effectiveness
	Incorrect pH causes stress, mortality and affects toxicity of other substances
	Use buffers (KH), regular water changes, avoid overfeeding, add pH adjusters (lime or acid)

	Ammonia (NH₃/NH₄⁺)
	Measures toxic ammonia concentration
	Liquid test kits, test strips, spectrophotometer
	Highly toxic; indicates waste buildup
	Burns gills, reduces immunity, causes stress, disease and death
	Biological filtration (nitrifying bacteria), reduce feeding, regular water changes, use ammonia neutralizers

	Nitrates (NO₃⁻)
	Measures nitrate concentration
	Nitrate test kits, spectrophotometer
	End product of nitrogen cycle; less toxic but harmful in excess
	Causes poor fish health, algae blooms, long-term stress
	Regular water changes, use of live plants/ algae, proper stocking density, enhanced filtration

	Nitrites (NO₂⁻)
	Measures nitrite concentration
	Nitrite test kits, spectrophotometer
	Highly toxic intermediate in nitrogen cycle
	Causes brown blood disease, disrupts oxygen transport, leads to mortality
	Biological filtration, reduce feeding, water changes, avoid overstocking

	Dissolved Oxygen (DO)
	Measures oxygen available for aquatic life
	DO meter (probe), chemical test kits (Winkler)
	Critical for respiration and survival
	Low DO causes suffocation, stress, reduced growth, fish kills
	Aeration (air pumps, diffusers), water circulation, reduce stocking density, avoid overfeeding

	KH (Carbonate Hardness)
	Measures buffering capacity (carbonate / bicarbonate ions)
	KH test kits (titration)
	Stabilises pH, prevents rapid pH changes
	Low KH leads to unstable pH and harmful swings
	Add carbonate buffers (baking soda, crushed coral), regular monitoring, avoid acidic inputs

	GH (General Hardness)
	Measures dissolved calcium and magnesium ions
	GH test kits (titration), test strips
	Affects osmoregulation, shell/bone formation
	Low GH causes poor growth; high GH causes stress
	Add minerals (calcium carbonate, magnesium sulphate), regular water changes, use appropriate water sources




[bookmark: _Toc237607635]What are the different types of filtration systems
	Filtration type
	Description
	Purpose/Function
	Common materials/ Methods used
	Importance/Benefits

	Physical/ Mechanical filtration
	Physically removes solid particles and debris from the water
	Removes uneaten food, fish waste and suspended solids
	Sponge filters
Filter pads
Gravel filters
Mesh screens
	Keeps water clear, prevents clogging of biological filters, improves water quality

	Biological filtration
	Uses beneficial bacteria to convert toxic ammonia and nitrites into less harmful nitrates
	Converts toxic nitrogenous wastes via nitrification
	Bio-balls
Ceramic rings
Porous media
Bio-wheels
	Essential for maintaining safe water by detoxifying ammonia and nitrites, supports fish health

	Chemical filtration
	Removes dissolved substances and impurities from water through chemical processes
	Removes toxins, odours, discoloration and chemicals
	Activated carbon
Zeolite
Phosphate removers 
	Improves water clarity, removes harmful chemicals, controls odours and discoloration




[bookmark: _Toc237607636]Compare the difference filtration requirements between fresh and saltwater
Marine and freshwater aquaculture systems differ in their filtering requirements due to the distinct chemical compositions, biological communities and environmental conditions of saltwater versus freshwater environments. Here is an overview of key differences.
	Aspect
	Marine systems
	Freshwater systems

	Water chemistry
	Higher salinity; presence of salts like sodium, chloride, magnesium, calcium.
	Low salinity; different ionic composition.

	Filtration focus
	Must manage salt balance and remove organic waste; biological filtration critical for nitrogen cycling but salt-tolerant bacteria are required.
	Focus on removing organic waste and nitrogenous compounds; bacteria suited to freshwater conditions used.

	Mechanical filtration
	Similar need to remove particulates; may require more robust systems due to higher organic load from marine organisms.
	Similar mechanical filtration to remove solids and debris.

	Biological filtration
	Uses nitrifying bacteria adapted to saline conditions; bio-media must tolerate saltwater.
	Uses nitrifying bacteria suited for freshwater; bio-media does not need to withstand high salinity.

	Chemical filtration
	May include removal of heavy metals and specific marine toxins; activated carbon and specialised resins used.
	Focus on removing nitrogenous wastes and chemicals such as ammonia and nitrites; activated carbon commonly used.

	pH and buffering
	Marine systems require stable alkalinity (carbonate hardness) to maintain pH, often higher KH needed.
	Freshwater systems have more variable pH; KH and GH adjusted according to species needs.

	Water replacement and flow
	Often requires partial water exchange due to salt buildup and waste concentration.
	Can have more flexibility with water changes; often recirculating systems.

	Challenges
	Managing salt balance, controlling marine-specific pathogens and toxins, maintaining coral or sensitive species.
	Controlling parameters like hardness, pH swings and freshwater-specific pathogens.


Summary
Marine systems require filtration media and bacteria that tolerate high salt concentrations and maintain stable alkalinity.
Freshwater systems focus on managing nitrogenous wastes with bacteria suited to low salinity and more variable water chemistry.
Both systems need mechanical filtration to remove solids and chemical filtration to eliminate toxins, but the specific chemicals and conditions differ.
Understanding these differences is crucial for designing effective filtration systems tailored to the aquatic environment.

[bookmark: _Toc237607637]Maintaining an aquarium already set up (regular maintenance)
Task: carry out routine tasks to keep an established aquarium clean, stable and healthy for its inhabitants.
Procedure: design checklist for school records to record the following:
Daily tasks
Observe fish for signs of stress, disease, or abnormal behaviour.
Check that all equipment (filter, heater, lights, air pumps) is working correctly.
Feed fish appropriate amounts once or twice daily, removing uneaten food after 5 minutes.
Weekly tasks
Test water parameters: pH, ammonia, nitrites, nitrates and temperature using test kits.
Record all test results in a maintenance log.
Perform partial water changes (10 to 20%): siphon out water and debris from substrate, then replace with fresh dechlorinated water at the correct temperature.
Clean the glass inside the tank using an algae scraper or magnetic cleaner.
Filter maintenance
Rinse mechanical filter media (sponges, pads) in tank water (never tap water) to preserve beneficial bacteria.
Replace chemical filter media (activated carbon) as per manufacturer’s instructions.
Inspect biological filter media and clean gently if clogged.
Monthly(s) needed
Prune aquatic plants to remove dead or overgrown parts.
Check and tighten any loose fittings or equipment.
Review fish stocking levels and health.
Record keeping and reflection
Keep detailed logs of maintenance, water tests, fish health and any problems or solutions.
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Seafood

Food safety

Put seafood into the fridge or freezer s soon as you get home, don't leave it in
the car or on the kitchen bench.

Store prawns in an airtight container, or covered tightly with plastic wrap, away
from other food in the coldest part of fridge and leave in the shell for as long as.
possible.

Opened oysters should be stored in the fridge below 5C.

Wash and dry hands thoroughly before and after handling raw fish and keep
Kitchen utensils and benches clean and dry.

Don't et overty ‘fishy’ or off-smelling seafood.

Dot eat raw fish, opened oysters opened mussels, prawns or other seafood it
they've been out of the fridge for more than 2 hours.
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