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Queensland marine science syllabus guide

Unit 4 Ocean issues and 
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Topic 1: Oceans of the future

A. Management and conservation



T122 Habitat preservation 
arguments

Adam Richmond
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Syllabus statement
At the end of this topic you should be able to ... 

Recall

and use the arguments for preserving species and habitats (i.e. ecological, economic, 
aesthetic, ethical) through identifying their associated direct and indirect values in a 
given case study
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Recall

• remember; present remembered ideas, facts or experiences; 
• bring something back into thought, attention or into one’s mind
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Objectives

Explain the different arguments for protecting biodiversity

Identify the direct and indirect values of a marine species or habitat

Argue why your chosen species or habitat should be protected 
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Revisit  T060 Species habitat preservation.

Recall the ecological, economic, social, aesthetic, ethical arguments for preserving species and 
habitats.

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA Page 14



Bob Moffatt

Revisit  T063 Stakeholder value systems

appreciate
the specific 
value systems 
that identified 
stakeholders use 
(i.e. ecocentric, 
technocentric, 
anthropogenic)
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Genetic
Wild animals and plants 
are sources of genes for 
new adaptations.

This assists survival in a 
changing environment.

Copyright Viewfinder. Reproduced with permission.
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Ecosystems become more resilient to the loss of a species/reduction of population. 
Some species are keystone species, which if removed from the ecosystem can lead 
to many other species becoming extinct.

Copyright Viewfinder. Reproduced with permission.
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Ecological
More species types and 
numbers  increases food web
complexity.

Greater biodiversity provides 
greater ecosystem health.

Copyright Viewfinder. Reproduced with permission.
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If one type of prey or  
one type of predator is  
lost, other species can  
fill in the gap.

For example, if one 
type of coral is more  
tolerant to pollution  
than another, it will  
replace the “weaker”  
type to allow  
continuation of the  
species.

Copyright Viewfinder. Reproduced with permission.

Page 19



In the “big picture”, habitats play a vital role as life-support services.  The ocean adjacent to 
the land provides a place for transport of reproductive materials and stages.  

For example,  
mangrove seeds can  
be dispersed, barnacle  
larvae can grow and  
migrate back to shore.

Copyright Viewfinder. Reproduced 
with permission.
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Economic

People take vacations  
on areas surrounded by  
natural beauty and  
national parks. 

The tourism industry 
can flourish, bringing 
millions of dollars into 
countries economies.

Copyright Viewfinder. Reproduced with permission.
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As part of their 
holiday, they can 
go snorkelling, 
fishing, boating, 
sailing, hiking 
creating a 
multitude of 
service industry 
jobs.

Copyright Viewfinder. Reproduced with permission.
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Gas platforms drill  
deep into the  
ocean floor  
extracting natural  
gas, offloading to  
ships or undersea  
pipelines and is 
then processed on 
shore.

Harriet A gas platform
© Copyright CSIRO Australia
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The Deloitte report investigated the 
economic, social and icon value of the 
Great Barrier Reef.

Download the report here:
https://www2.deloitte.com/content/dam/Deloitte/au/
Documents/Economics/deloitte-au-economics-great-
barrier-reef-230617.pdf

The Great Barrier reef provides 64 000 jobs 
and  contributes $6.4 B ($6 400 000 000) 
to the Australian economy every year.

Image: © 2019 Great Barrier Reef 
Foundation, reproduced with 

permission. https://www.barrierreef.org

The direct value of  the Great Barrier 
Reef
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What is the indirect value of the Great Barrier Reef?

Image: © 2019 Great Barrier Reef Foundation, 
reproduced with 

permission. https://www.barrierreef.org

The Great Barrier Reef is worth $56 B 
to Australians who use the reef, visit 
the reef, or just like knowing that its 
there.

This is almost 9 times more than the 
direct contribution of the GBR to 
Australia’s economy.

The indirect value is much more 
complicated to calculate as it includes 
“non-use” values.
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The main reason Australians want to preserve the Great Barrier Reef is so future 
generations can visit it.  This ”bequest value” is an indirect non-use benefit.

Image: O’Mahoney J, Simes R, Redhill D, Heaton K, Atkinson C, Hayward E, Nguyen M. 2017. At what price? The economic, social and icon value of the 
Great Barrier Reef. Deloitte Access Economics.  Available: https://www2.deloitte.com/content/dam/Deloitte/au/Documents/Economics/deloitte-au-
economics-great-barrier-reef-230617.pdf Reproduced with permission.
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Internationally, people want to preserve the Great Barrier Reef more for its ecological values

Image: O’Mahoney J, Simes R, Redhill D, Heaton K, Atkinson C, Hayward E, Nguyen M. 2017. At what price? The economic, social and icon value of the 
Great Barrier Reef. Deloitte Access Economics.  Available: https://www2.deloitte.com/content/dam/Deloitte/au/Documents/Economics/deloitte-au-
economics-great-barrier-reef-230617.pdf Reproduced with permission.
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Social
Provide a place for people to socialise - Let’s all go for a surf, paddle,  
swim – source of networking and building environmental groups.

One syllabus 
interpretation –
what’s yours?

Copyright Bob Moffatt. May be used under Creative Commons CC 4.0 BY-NC-SA
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Surfing Australia - reproduced with permission from the bring back Kirra campaign (thanks Steph)

Preserving our clean water provides a healthy environment for us all.
Australia’s clean water image is promoted around the world.

Page 29



Another syllabus 
interpretation

Different societies need to defend environmental protection.  

“Biodiversity should be preserved for 
its own sake as humans have a 
responsibility to act as stewards of the 
Earth”
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Aesthetic

The ocean is a source of 
beauty.  

People rely on wild places for 
spiritual fulfillment and the 
ocean provides limitless 
opportunities.

Copyright 
Viewfinder. Reproduced 

with permission.
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Habitats can provide inspiration for the arts.
For example,
Music, poetry, painting, photography and stories.

By Steve Jurvetson from Menlo Park, USA - Step Into Liquid, CC BY 2.0
https://commons.wikimedia.org/w/index.php?curid=3561785

Surfers have a special 
relationship with the sea 
which leads to the phrase 
- “only a surfer knows the 
feeling”.  
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Copyright Joyce Summers. Reproduced with 
permission.

Aboriginal and Torres 
Strait Islander peoples 
record stories and their 
heritage in art.
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Ethical
Each species has a right to exist (a bio-right) which is unrelated to human needs.

This idea holds that some, or all, non-human animals are entitled to the possession of their  
own lives and that their most basic interests - such as the need to avoid suffering - should be  
afforded the same consideration as similar interests of human beings.

Left By Alan Wilson - www.naturespicsonline.com: 
[1], CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid
=38456823

Right By Andreas Weith - Own work, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.php?curid=52745369
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Habitats should be preserved for their own sake for future generations. 
Humans have a responsibility to act as stewards of our oceans and land.

Copyright Viewfinder. Reproduced with permission.
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This YouTube video summarises direct and indirect and aesthetic values of ecosystems

Ecosystem Services
YouTube video by California Academy of Sciences, available: https://youtu.be/BCH1Gre3Mg0

https://youtu.be/BCH1Gre3Mg0
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Worksheet 
122

Project why?
by 

Gail Riches

www.marineeducation.com.au
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T123 MPA design criteria II

Adam Richmond
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Syllabus statement
At the end of this topic you should be able to ... 

Recall

and

Explain

the criteria (i.e. site selection, networking and connectivity, 
replication, spacing, size and coverage) used to design 
protected marine areas
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Recall

• remember; present remembered ideas, facts or 
experiences; bring something back into thought, 
attention or into one’s mind

Explain 

• make an idea or situation plain or clear by 
describing it in more detail or revealing relevant 
facts; give an account; 

• provide additional information 

Page 40



Review T067 MPA designs

In T067 MPA designs (last year), 
you listed three environmental 
criteria for places to be included 
into a marine park.
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http://www.environment.gov.au/resource/guidance-achieving-comprehensiveness-adequacy-and-representativeness-commonwealth-waters
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AND the principles in 
decision making
• Maintaining and enhancing 

outstanding universal value in every 
action

• Basing decisions on the best 
available science

• Delivering a net benefit to the 
ecosystem

• Adopting a partnership approach to 
management

http://www.environment.gov.au/marine/gbr/publications/reef-2050-long-term-sustainability-plan-2018
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Now we look at the criteria used for 
designing marine protected areas in 
Australia.

i.e. site selection, networking and 
connectivity, replication, spacing, size 
and coverage.
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Objectives

• List the criteria used for designing marine protected areas in Australia.

• Describe in your own words why these criteria should be considered.

• Explain why can’t we just protect the whole ocean?

• Classify scientific evidence for MPA design into the 4 CARE principles.
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Definition

For an area to be recognised as an MPA it must meet the 

IUCN protected area definition: 

A clearly defined geographical space, recognised, dedicated, 
and managed, through legal or other effective means, to 
achieve the long-term conservation of nature with 
associated ecosystem services and cultural values 

Reference: IUCN WCPA, 2018. Applying IUCN’s Global Conservation Standards to Marine Protected Areas (MPA). Delivering 

effective conservation action through MPAs, to secure ocean health & sustainable development. Version 1.0. Gland, 

Switzerland. 4pp. 

Available: 

https://www.iucn.org/sites/dev/files/content/documents/applying_mpa_global_standards_final_version_050418.pdf

*The IUCN is the International Union for the Conservation of Nature
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Map of all Australian networks and marine parks
Image: By © Commonwealth of Australia 2014, CC BY 3.0 au, 
https://commons.wikimedia.org/w/index.php?curid=59479818

These are the Marine Protected Areas managed by the Commonwealth Government
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There are 58 marine protected areas- known as Marine Parks-
in Commonwealth waters, over 3 nautical miles from the 
coast. These are managed by Parks Australia

Most of these Marine 
Parks are grouped into 
groups called “networks’

Image screen shot from: https://parksaustralia.gov.au/marine/ Copyright NASA, Google.
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Coral Sea Commonwealth Marine Reserve
Image: © Commonwealth of Australia, 2016
Available: http://www.environment.gov.au/submissions/reportmaps/coral_sea_cmr_review_recommended_zoning_incl_coordinates.pdf

The Coral Sea Marine Reserve is beyond the Great Barrier Reef Marine Park
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The Great Barrier Reef Marine Park
Image: © Copyright Commonwealth of Australia (GBRMPA) 2016 Great 
Barrier Reef Marine Park Authority 
Available: http://hdl.handle.net/11017/869

The Great Barrier Reef Marine Park is 
widely recognised as one of the best 
managed marine protected areas in the 
world. 

The Great Barrier Reef Marine Park 
Authority (GBRMPA) is responsible for the 
care and protection of the Great Barrier 
Reef Marine Park.
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The Great Barrier Reef Coast Marine Park, 
Great Sandy Marine Park and Moreton Bay 
Marine Park are managed by the 
Queensland Parks and Wildlife Service.

These marine parks protect tidal lands and 
waters- including mangrove wetlands, 
seagrass beds, mudflats, sandbanks, 
beaches, rocky outcrops and fringing reefs.

Learn more about Queensland marine 
parks here:
https://www.qld.gov.au/environment/coasts-

waterways/marine-parks/about

Copyright Queensland Government Page 51
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Temperate East 
Commonwealth Marine 
Reserves Network
Image: © Commonwealth of Australia, 2015
Available: 
http://www.environment.gov.au/submissions/re
portmaps/temperate_east_network_cmr_revie
w_recommended_zoning.pdf

Marine science in southern Australian states involve temperate zones.
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IUCN Global Standard for Marine Protected Areas
YouTube video by IUCN, International Union for Conservation of Nature
Available: https://youtu.be/g2cAVcgHjic

With so many different Marine Protected Areas managed by different authorities, it is useful 
to have a common framework. 
The International Union for Conservation of Nature has created a global standard- as this 
YouTube video explains:
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The Australian and State governments are developing a National Representative System of 
Marine Protected Areas (NRMSPA),  The goals and principles are published here: 

https://parksaustralia.gov.au/marine/management/resources/scientific-publications/goals-and-principles-
establishment-national-representative-system-marine-protected-areas/

The four goals guide the identification of marine reserve networks:

Goal 1: Each bioregion should be represented
Goal 2: All depth ranges should be covered
Goal 3: Examples of habitats and communities should be included
Goal 4: All 21 types of seafloor should be included

See the link above for more detail.
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The guiding principles are summarised below:

Location: locate marine reserves considering- the location of existing measures, and 
have fewer larger separate reserves (rather than many small reserves)

Selection: select areas considering capacity to mitigate threats, unique habitats or 
species; ecologically important features; small-scale ecosystems and sediment types; 
heritage sites; minimising socio-economic costs

Design: the size and shape of the reserve should include continuous depth transects; 
include entire geomorphic features, with replication; account for connectivity and 
dispersal; have simple, easily identifiable boundaries; minimising socio-economic 
costs.

Zoning: include highly protected areas, consider the threats posed by specific 
activities; apply a precautionary approach to threats and costs and benefits.

For more detail see:
https://parksaustralia.gov.au/marine/management/resources/scientific-publications/goals-and-principles-
establishment-national-representative-system-marine-protected-areas/
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Reference: The Ecology Centre, The University of Queensland (2009) Scientific Principles for Design of Marine Protected 

Areas in Australia: A Guidance Statement. 29pp. 

Available: 

https://ecology.uq.edu.au/filething/get/39100/Scientific_Principles_MPAs_c6.pdf

The document Scientific Principles for Design of Marine Protected Areas in Australia: A 
Guidance Statement was developed to support the design and planning of NRSMPA. 

It promotes the CAR principles:

C
Comprehensiveness

A
Adequacy

R
Representativeness
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Reference: The Ecology Centre, The University of Queensland (2009) Scientific Principles for Design of Marine 

Protected Areas in Australia: A Guidance Statement. 29pp. Available: 

https://ecology.uq.edu.au/filething/get/39100/Scientific_Principles_MPAs_c6.pdf

The CAR principles can be summarised as:

For more detail, download the guidance statement:

https://ecology.uq.edu.au/filething/get/39100/Scientific_Principles_MPAs_c6.pdf

C
Comprehensiveness include the full range of ecosystems 

recognized at an appropriate scale 

within and across each bioregion.

A
Adequacy have the required level of reservation 

to ensure the ecological viability and 

integrity of populations, species and 

communities.

R
Representativeness reflect the biotic diversity of the 

marine ecosystems from which they 

derive.
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This YouTube video explains that Marine Parks should be designed with CARE
Connected, Adequate, Representative, Efficient- which are similar to the CAR 
principles, but considering connectedness and the efficiency of the design.

Protected Area Design using CARE Tropic101x - KAM 5.2.1
YouTube video by UQx Tropic101x Tropical Coastal Ecosystems, available: https://youtu.be/-YifiHLnmWY

https://youtu.be/-YifiHLnmWY
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Marine Protected Area Systems
YouTube video by UQx Tropic101x Tropical Coastal Ecosystems
Available: https://youtu.be/cq3C0_JZlh8

This video explains the same CARE model, as presented by Prof Hugh Possingham, Chief 
Scientist The Nature Conservancy, whose work has informed the creation of many of the 
world’s marine protected area systems.

https://youtu.be/cq3C0_JZlh8
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C Connected Many organisms depend on 
connected ecosystems, eg coral reefs, 
seagrass and mangroves

A Adequate Contains enough of every habitat and 
species to ensure it persists through 
time

R Representative Captures and protects replicate 
samples of all habitats and species-

E Efficient Meets the connectivity, adequacy and 
representativeness criteria whilst 
minimizing impacts

The CARE model is summarised here:
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The following specific criteria are mentioned in the Marine 
Science syllabus:

• Site selection
• Networking and connectivity
• Replication
• Spacing
• Size  
• Coverage

These will be addressed individually in the next 5 slides.
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Site selection

Reference: Roberts, C. M., Gell, F. & Hawkins, J. P. 2003. Protecting nationally important marine areas in the Irish Sea Pilot Project Region. JNCC, 
Peterborough. 
Available: 
https://www.researchgate.net/publication/264840019_Protecting_nationally_important_marine_areas_in_the_Irish_Sea_Pilot_Project_region

The site (or network of sites) selection must 
represent the full biodiversity in the region.  
This should include, but not be limited to 
threatened species or habitats. 
(Representative)

Sites should be selected to preserve regions 
in a natural state and to help 
recover and restore those sites that have 
been impacted by human activities.

Networks should aim to provide conditions 
for expansion in the ranges of species that 
are depleted, and to accommodate changes 
in range as environmental conditions change. 
(Connected)

Raine Island is protected for its environmental 
and cultural values
Image: © Queensland Government.  
Available: https://eatlas.org.au/media/969
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Networking and 
Connectivity

Reference: Roberts, C. M., Gell, F. & Hawkins, J. P. 2003. Protecting nationally 
important marine areas in the Irish Sea Pilot Project Region. JNCC, Peterborough. 
Available: 
https://www.researchgate.net/publication/264840019_Protecting_nationally_i
mportant_marine_areas_in_the_Irish_Sea_Pilot_Project_region

A protected area network needs to be greater 
than the sum of its parts- protecting 
mangroves, seagrass and coral reefs together 
has a bigger impact than individually.  

Connectivity affects the levels of coverage, 
replication, size and spacing of protected 
areas.

This zoning map of the Capricorn region 
shows are network of green zones covering 
different bioregions.

Image: © Commonwealth of Australia (GBRMPA) 2016.  Reproduced with 
permission.  Image partially cropped.
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Replication

Reference: Roberts, C. M., Gell, F. & Hawkins, J. P. 2003. Protecting nationally important 
marine areas in the Irish Sea Pilot Project Region. JNCC, Peterborough. 
Available: 
https://www.researchgate.net/publication/264840019_Protecting_nationally_importan
t_marine_areas_in_the_Irish_Sea_Pilot_Project_region

Habitats should be replicated in at least three, 
and preferably five or more, protected areas 
spread throughout the region, wherever the 
extent and distribution of a habitat allows. 

The aims of replication are to spread the 
benefits of protection throughout the region, 
and to provide insurance against human and 
natural impacts, and to ensure ecological 
connectivity among protected areas.

A proportion of each habitat type in Moreton 
Bay Marine Park (right) is protected in a 
Marine National Park (stippled)

Image: © Copyright Queensland Environmental Protection Agency 2008 
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Spacing

Reference: Roberts, C. M., Gell, F. & Hawkins, J. P. 2003. Protecting nationally important marine areas in the Irish Sea Pilot Project Region. JNCC, Peterborough. 
Available: https://www.researchgate.net/publication/264840019_Protecting_nationally_important_marine_areas_in_the_Irish_Sea_Pilot_Project_region
Image: Green, A., Maypa, A., Almany, G., Rhodes, K., Weeks, R., & Abesamis, R. et al. (2014). Larval dispersal and movement patterns of coral reef fishes, and implications for 
marine reserve network design. Biological Reviews, 90(4), 1215-1247. doi: 10.1111/brv.12155, open access article, available: 
https://onlinelibrary.wiley.com/doi/full/10.1111/brv.12155

Ecological linkages such as ontogenetic migration and larval dispersal cover geographical 
scales from metres to thousands of kilometers. 

For a wide range of species, those scales are typically metres to a few tens of kilometers.  

To ensure ecological connectivity in the network, protected areas with similar habitats should 
generally be spaced from a few to a few tens of kilometers apart.

The scale of migration of adults fish ranges from metres to 100s of km.
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Size
The size of a protected area needs to consider protection goals, habitat distribution, 
heterogeneity and patchiness, and the mobility of species.

Different fish species have 
home ranges of different sizes, 
so they need different sized 
marine reserves.

Image: ©2013 Coral Triangle Support Partnership, from Green, A., White, A., & Kilarski, S. (2013). Designing marine 
protected area networks to achieve fisheries, biodiversity, and climate change objectives in tropical ecosystems.
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Reference: Roberts, C. M., Gell, F. & Hawkins, J. P. 2003. Protecting nationally important marine areas in the Irish Sea Pilot Project Region. JNCC, Peterborough. 
Available: https://www.researchgate.net/publication/264840019_Protecting_nationally_important_marine_areas_in_the_Irish_Sea_Pilot_Project_region

Size of protected areas must be 
matched to the scales of 
mobility of the species in the 
habitats being considered. 

Protected areas must be large 
enough and numerous enough 
to sustain long-term 
populations of the majority of 
species. 

The Great Barrier Reef Marine Park is half the size of Texas
Image: © Copyright 2018 GBRMPA, available: http://www.gbrmpa.gov.au/the-reef/reef-facts
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Coverage

Reference: Roberts, C. M., Gell, F. & Hawkins, J. P. 2003. Protecting nationally 
important marine areas in the Irish Sea Pilot Project Region. JNCC, 
Peterborough. 
Available: 
https://www.researchgate.net/publication/264840019_Protecting_nationally
_important_marine_areas_in_the_Irish_Sea_Pilot_Project_region

Scientists recommend that 20 - 40% of the 
seas should be protected in order to 
represent all habitats with sufficient 
replication to support viable populations. 

Significant levels of protection (20% and 
upwards) are necessary to safeguard 
important ecosystem processes and 
services over large scales. 

Some habitats require greater 
proportional protection than others: 
isolated and rare habitats will require a 
greater % of protection than extensive, 
widespread habitats. 
Some habitats warrant total protection. 

16% of Moreton Bay Marine Park is a green zone.
Image: © Copyright Queensland Environmental Protection Agency 2008 

Available: https://parks.des.qld.gov.au/parks/moreton-bay/zoning/pdf/map1-zoning.pdf
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If you want to know more, 
download this his document:

https://www.reefresilience.org/pdf/Pr
actitionerGuide_FINAL_031113.pdf

It contains a detailed 
explanation of 15 design 
principles for MPAs

Image: ©2013 Coral Triangle Support Partnership, from Green, 
A., White, A., & Kilarski, S. (2013). Designing marine protected 

area networks to achieve fisheries, biodiversity, and climate 
change objectives in tropical ecosystems.
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Further

1. List the criteria used for designing marine protected 
areas in Australia.

2. Describe in your own words why these criteria should be 
considered.

3. Explain why can’t we just protect the whole ocean?

4. Classify scientific evidence for MPA design into the 4 
CARE principles.
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T124 Marine management 
strategies

Adam Richmond
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Syllabus statement
At the end of this topic you should be able to ... 

Identify 

management strategies used to support marine ecosystem health (e.g. managing 
threats, zoning, permits, plans, longitudinal monitoring)
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Identify

- distinguish; 
- locate, recognise and name; 
- establish or indicate who or what someone or something is; 
- provide an answer from a number of possibilities; 
- recognise and state a distinguishing factor or feature
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Objective

Recall the main features of marine management 
strategies, including:

• Threat management
• Zoning
• Permits
• Plans and longitudinal monitoring
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A healthy, well managed marine ecosystem provides abundant 
resources for people.

Image: ©2013 Coral Triangle Support Partnership, from Green, A., White, A., & Kilarski, S. (2013). Designing marine protected 
area networks to achieve fisheries, biodiversity, and climate change objectives in tropical ecosystems.
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Management of a healthy marine 
ecosystem is about managing 
activities that can pose a threat.

The Great Barrier Reef Marine 
Park Authority encourages park 
users to enjoy the reef in a “reef 
friendly” way.

Image: © Copyright 2018 GBRMPA
http://www.gbrmpa.gov.au/access-and-use/responsible-reef-practices
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GBRMPA have developed 
guidelines for reducing the 
damage caused by everyday 
activities.

For example, anchoring on top 
of a coral reef can quickly 
damage or destroy the coral, 
which can take years to recover.

Boats should use public 
moorings where available.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 

Threat management
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If you see whales or dolphins, it is important to remain a safe distance away from them.  This is 
important for their safety as well as your own.

Image: © Copyright 2018 GBRMPA, 
http://www.gbrmpa.gov.au/access-
and-use/responsible-reef-
practices/caring-for-the-reef
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Even snorkelling can stress or break 
corals. It is important to not lean 
on, hold onto, or stand on corals.

Snorkellers and divers need to have 
good buoyancy control so they 
don’t accidentally kick corals or stir 
up sediment.

You can find the full list of 
responsible reef practices here: 
http://www.gbrmpa.gov.au/access-and-
use/responsible-reef-practices

Standing or sitting on the coral cause physical damage 
Image: Creative Commons GNU Free Documentation License
https://en.wikipedia.org/wiki/File:Divers_coming_into_contact_with_coral.jpg
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No take areas

Long term (20 years +) no take 
areas enables heavily fished and 
longer lived species (eg sharks) to 
grow to maturity and contribute 
to stock recruitment.

Larger individuals are more 
important for long-term health of 
populations than smaller ones, 
because they produce a lot more 
offspring.

Image: ©2013 Coral Triangle Support Partnership, from Green, A., 
White, A., & Kilarski, S. (2013). Designing marine protected area 

networks to achieve fisheries, biodiversity, and climate change 
objectives in tropical ecosystems.
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Minimise and reduce stressors

Prohibit destructive activities (eg mining, blast fishing and cyanide fishing)

Marine ecosystems 
damaged by destructive 
activities such as blast 
fishing, are unable to 
provide as
many resources for 
people

Image: ©2013 Coral Triangle Support Partnership, from 
Green, A., White, A., & Kilarski, S. (2013). Designing marine 

protected area networks to achieve fisheries, biodiversity, 
and climate change objectives in tropical ecosystems.
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Reduce overfishing, through 
quotas and improving fishing 
practices.

Turtle exclusion devices 
(TEDs) allow turtle to swim 
out of fishing nets if they are 
accidentally caught.

A turtle making use of an exclusion device
Image: U.S. National Oceanic and Atmospheric Administration [Public domain]

Net threat reduction
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Reduce land 
based pollution 
and recreational 
impacts.

Kanapou Bay, in Hawaii, is a hotspot for marine debris accumulation
Image: NOAA Marine Debris Program, Flickr, https://flic.kr/p/cEzQ37 CC BY 2.0
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Some areas are important as a source of larvae or serve as refuges, naturally more resistant to 

climate change, nursery grounds, breeding grounds, migration corridors, and habitats for rare 

and threatened species.

Mon Repos is a Conservation 

Park hosts the largest 

concentration of 

nesting turtles on the 

eastern Australian mainland.

It is protected so that people 

don’t do things like this:

Image: [Public domain] https://commons.wikimedia.org/wiki/File:Woman_riding_turtle_at_Mon_Repos.jpg

Protect critical areas
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Zoning

Copyright Bob Moffatt.  May be 
used under Creative Commons CC 
4.0 BY-NC-SA 
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How Zoning Works - Australian Marine Parks, Parks Australia
YouTube video by ParksAustralia, available: https://youtu.be/TnA7sfc6JvU

Here is an introduction to zoning in a Marine Park

https://youtu.be/TnA7sfc6JvU
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The Great Barrier Reef is a multiple use area 
protected by zones providing for a range of 
ecologically sustainable recreational, 
commercial, research and education 
opportunities and the continuation of 
traditional activities. 

The map right shows the zones protecting 
areas around the Keppel Island group.

Image taken from Zoning Map 17-Capricorn, © 
Commonwealth of Australia (GBRMPA) 2016 
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Each zone has different rules 
for activities that are 
allowed, activities that are 
prohibited and activities that 
require a permit. 

Zones may also place 
restrictions on how some 
activities are conducted.

The guide (right) is only an 
overview. See:
http://www.gbrmpa.gov.au/
access-and-use/zoning
for comprehensive 
information about zones in 
the Great Barrier Reef 
Marine Park.

Reference: Reef 2050 Long-Term Sustainability Plan—July 2018, Commonwealth of Australia 2018

Image taken from Zoning Map 7-Townsville, © Commonwealth of Australia (GBRMPA) 2016 
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One-third of the Great Barrier Reef Marine Park is zoned as Marine National Park 
or Green Zone where no fishing is allowed

Research is showing that green zones produce bigger fish and more of them. 
These fish then spillover into areas open to fishing.

YouTube video by Great Barrier Reef Marine Park Authority, available: https://youtu.be/UzW3XUVaAOE
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Research conducted by the Australian Institute of Marine Science, through its

Long-Term Monitoring Program, has found coral trout are now about 50 per cent more abundant in

Marine National Park (Green) Zones.

Reference: Reef 2050 Long-Term Sustainability Plan—July 2018, Commonwealth of Australia 2018

A nice coral trout- not caught in a green zone!
Image: Matt Boyd, Sea Skills
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Permits 

Special permission is required for activities such as tourist programs, charter 
operations, jetties and moorings, dredging, research, educational activities.

An Introduction to Great Barrier Reef Marine Park Permits
YouTube video by Great Barrier Reef Marine Park Authority, available: https://youtu.be/-p4tlpP6lzo

https://youtu.be/-p4tlpP6lzo
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For example, your school needs a Marine Parks Permit if you have a 
school camp at North West Island. 

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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Plans

This video provides an 
explanation of management 
plans in the Great Barrier Reef 
Marine Park.

These plans of management provide additional protection for the ecological, cultural, 
heritage, aesthetic and social values of Great Barrier Reef.

YouTube video by Great Barrier 
Reef Marine Park Authority, 
available: 
https://youtu.be/ntvBpNJ85X8

https://youtu.be/ntvBpNJ85X8
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An updated Reef 2050 Plan was 
released by the Australian and 
Queensland governments in July 
2018.

The plan outlines management 
measures- including clear actions, 
targets, objectives and outcomes to 
drive short-term and long-term 
management of the Great Barrier 
Reef.

Download a copy here: 
https://www.environment.gov.au/marine/gbr/lo
ng-term-sustainability-plan

Image: © Copyright Commonwealth of Australia, 2018.  CC BY
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The Reef 2050 Integrated 
Monitoring and Reporting 
Program is a coordinated and 
integrated monitoring, 
modelling and reporting 
program that tracks the progress 
towards targets and objectives 
of the Reef 2050 Plan. Monitoring for 

management
YouTube video by Great Barrier Reef Marine Park 
Authority, available: 
https://youtu.be/isK4odLBNw4

Longitudinal monitoring

https://youtu.be/isK4odLBNw4
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T125 Success stories

Adam Richmond
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Syllabus statement
At the end of this topic you should be able to ... 

Evaluate

the success of a named protected marine area

Review T069 MPA evaluation
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Evaluate

• make an appraisal by weighing up or assessing strengths, implications and 
limitations; make judgments about ideas, works, solutions or methods in 
relation to selected criteria; 

• examine and determine the merit, value or significance of something, 
based on criteria
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Review T069 MPA evaluation

In T069 MPA evaluation (last year), you were able 
to show, by using data from a research paper, 
how the use of no-take zones protect coral reefs 
from crown of thorns outbreaks. 

© 2019 Australian Institute of Marine Science.  Sweatman HPA 
(2008) No-take reserves protect coral reefs from predatory starfish. 
Current Biology. 18: R598-R599 CC BY
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“To address the question of 
whether
MPAs provide protection from
outbreaks of A. planci more 
directly,
I compared the frequency of 
starfish
outbreaks on no-take reefs and on
reefs that were open to fishing on
the GBR, based on results of an
extensive monitoring program”.

Hugh Sweatman
Australian Institute of Marine Science

Copyright Great Barrier Reef Marine Park Authority.  Reproduced with permission.
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https://core.ac.uk/download/pdf/82736474.pdf

© 2019 Australian Institute of Marine Science.  Sweatman HPA (2008) No-take reserves protect coral reefs from predatory starfish. Current Biology. 18: R598-
R599 CC BY

And his conclusion was yes.
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Objective

In this topic we evaluate whether a MPA as a 
whole has been successful or not.
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Globally, there are more than 15,000 marine protected areas, covering 7.59% of the 
world's marine environment. 

Image: UNEP-WCMC and IUCN (2019) 
Marine Protected Planet [On-line], [May, 
2019], Cambridge, UK: UNEP-WCMC and 
IUCN Available at: www.protectedplanet.net
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MPA’s can produce ecological, 
economic, and social benefits.

MPA’s are expensive: absorbing 
much of the resources allocated to 
marine conservation. 

Thus, identifying practices that 
ensure MPA effectiveness is a 
major issue.

Reference: Giakoumi, S., McGowan, J., Mills, M., Beger, M., Bustamante, R., & Charles, 
A. et al. (2018). Revisiting “Success” and “Failure” of Marine Protected Areas: A 
Conservation Scientist Perspective. Frontiers In Marine Science, 5. doi: 
10.3389/fmars.2018.00223 Open access CCBY
Balmford, A., Gravestock, P., Hockley, N., McClean, C., Roberts, C., & Myers, N. (2004). 
The Worldwide Costs of Marine Protected Areas. Proceedings of the National Academy 
of Sciences of the United States of America, 101(26), 9694-9697. 
https://www.pnas.org/content/101/26/9694

Balmford et al estimates that the 
cost of a global MPA network 
conserving 20-30% of the world seas 
would cost between US$ 5- 19 
Billion annually.
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Reference: Giakoumi, S., McGowan, J., Mills, M., Beger, M., Bustamante, R., & Charles, A. et al. (2018). 
Revisiting “Success” and “Failure” of Marine Protected Areas: A Conservation Scientist 
Perspective. Frontiers In Marine Science, 5. doi: 10.3389/fmars.2018.00223. Open Access CC BY 

The aims of MPAs include ecological, social, economic, cultural, and institutional objectives.  
These objectives vary depending on the location and reason for the MPA.

Planning for multiple objectives requires some compromise across social, economic, and 
ecological domains. 

The impact of cruise ships in the 
GBR requires careful planning
Image copyright viewfinder.  Reproduced with permission.
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MPA effectiveness, in ecological 
terms, is commonly measured by 
comparing values of ecological or 
biological measures (e.g., sizes of 
organisms, density and biomass of 
fish assemblages, species richness, 
live cover of benthic organisms) in 
MPAs and adjacent unprotected 
areas and/or before and after an 
MPA is established.

Reference: Giakoumi, S., McGowan, J., Mills, M., 
Beger, M., Bustamante, R., & Charles, A. et al. 
(2018). Revisiting “Success” and “Failure” of 
Marine Protected Areas: A Conservation Scientist 
Perspective. Frontiers In Marine Science, 5. doi: 
10.3389/fmars.2018.00223.  Open access CC BY

Image copyright Bob Moffatt.  May 
be used under CC BY NC SA
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Image: Great Barrier Reef Marine Park Authority 2014, Great Barrier Reef Outlook Report 2014, GBRMPA, Townsville. CCBY3.0

The population of Humpback whales is recovering since commercial whaling 
ceased.
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An MPA can be considered a success if it accomplishes its objectives. 

Conversely, an MPA would be a failure if it is “not accomplishing an aim or purpose.” 

To assess the effectiveness of an MPA, the goals and objectives must be measurable.

The Northern Prawn 
fishery is environmentally 

sustainable and 

economically efficient.  

Image: © Copyright CSIRO Australia, (2017)
https://www.csiro.au/en/Research/OandA/Areas/Marine-resources-and-industries/Sustaining-Australian-fisheries/Northern-
Prawn-Fishery Page 110



Success factors Failure factors
High level of stakeholder participation Lack of (or delayed) stakeholder engagement 
Correct identification of the different stakeholder 
groups

Not identifying correctly different stakeholder groups

Boundary clarity Lack of boundary clarity
Effective MPA size Ineffective MPA size – too small or too large
Effective surveillance Lack of surveillance
Explicit objectives Unclear objectives
Supporting legislation Lack of supporting legislation
Leadership Lack of leadership
Strong social networks/communication Lack of strong social networks/communication
Stakeholders perceive crisis in terms of reduced 
marine living resources

Stakeholders do not perceive crisis in terms of reduced 
marine living resources

Successful alternative income projects Lack of projects for alternative income
High legal compliance Low legal compliance
Ownership Lack of ownership
Transparency Lack of transparency
Strong science engagement including (or not) the use 
of analytical planning tool (e.g. Marxan, Zonation)

No (or low) science engagement Opportunistic 
selection of MPAs

Effective sanctioning mechanism Ineffective sanctioning mechanisms
Willingness to move forward at different scales and 
policy levels

Political interests are prioritized over ecological needs 

Institutional collaboration Institutional rivalry
NGO involvement in stakeholder awareness and 
engagement

Unsuccessful NGO involvement in stakeholder 
awareness and engagement

Existence of conflict resolution mechanisms Lack of conflict resolution mechanisms
Builds on existing cultural practices Contradicts existing cultural practices
Clear consultative process Lack of clear consultative process
Abundant available funds Lack of funding

Researchers reviewed 
27 MPA case studies 
and identified the 
following 23 factors 
leading to the success 
or  failure of MPAs

Reference: Giakoumi, S., McGowan, J., Mills, M., 
Beger, M., Bustamante, R., & Charles, A. et al. 
(2018). Revisiting “Success” and “Failure” of 
Marine Protected Areas: A Conservation 
Scientist Perspective. Frontiers In Marine 
Science, 5. doi: 10.3389/fmars.2018.00223 
Supplementary material.  Open access CC BY

Copyright Adam Richmond.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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These were identified as the top 5 reasons that an MPA would succeed or fail:

Reference: Giakoumi, S., McGowan, J., Mills, M., Beger, M., Bustamante, R., & Charles, A. et al. (2018). Revisiting “Success” and 
“Failure” of Marine Protected Areas: A Conservation Scientist Perspective. Frontiers In Marine Science, 5. doi: 
10.3389/fmars.2018.00223.  Open access CC BY

Stakeholder 
engagement was 
found to be the 
most important 
factor affecting
MPA success.
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Biophysical Focal species abundance
Focal species population structure
Habitat distribution and complexity
Composition and structure of the community 
Recruitment success within the community 
Food web integrity
Type, level and return on fishing effort
Water quality
Area showing signs of recovery
Area under no or reduced human impact

The IUCN guidebook for evaluating MPA management effectiveness created a “toolbox” of 
indicators, useful for evaluating MPA effectiveness.  

These are in three categories:
• Biophysical
• Socioeconomic
• Governance

Reference: Pomeroy, R.S., Parks, J.E. and Watson, L.M. (2004). How is your MPA doing? A Guidebook of Natural and Social Indicators for 
Evaluating Marine Protected Area Management Effectiveness. IUCN, Gland, Switzerland and Cambridge, UK.

You can download the guidebook here: 
https://www.iucn.org/content/how-your-mpa-doing
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Socioeconomic Local marine resource use patterns
Local values and beliefs about marine resources
Level of understanding of human impacts on resources
Perception of seafood availability
Perception of local resource harvest
Perception of non-market and non-use value
Material style of life
Quality of human health
Household income distribution by source
Household occupational structure
Community infrastructure and business
Number and nature of markets
Stakeholder knowledge of natural history
Distribution of formal knowledge to community
Percentage of stakeholder group in leadership positions
Changes in conditions of ancestral and historical sites, features or monuments

Reference: Pomeroy, R.S., Parks, J.E. and Watson, L.M. (2004). How is your MPA doing? A Guidebook of Natural and Social Indicators for Evaluating Marine Protected 
Area Management Effectiveness. IUCN, Gland, Switzerland and Cambridge, UK.
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Governance Level of resource conflict
Existence of a decision making and management body
Existence and adoption of a management plan
Local understanding of MPA rules and regulations
Existence and adequacy of enabling legislation
Availability and allocation of administrative resources
Existence and application of scientific research and input 
Existence and activity level of community organisations
Degree of interaction between managers and stakeholders  
Proportion of stakeholders trained in sustainable use
Level of training provided to stakeholders in participation
Level of stakeholder participation and satisfaction in management process 
and activities
level of stakeholder involvement in surveillance, monitoring and 
enforcement
Clearly defined enforcement procedures
Enforcement coverage
Degree of information dissemination to encourage stakeholder compliance 

Reference: Pomeroy, R.S., Parks, J.E. and Watson, L.M. (2004). How is your MPA doing? A Guidebook of Natural and Social Indicators for Evaluating Marine 
Protected Area Management Effectiveness. IUCN, Gland, Switzerland and Cambridge, UK.
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Indicator Type Indicator of Success

Biophysical Area under no or reduced human impact

Socio-economic Type, level and return of fishing effort

Socio-economic Local marine resource use patterns

Biophysical Species abundance

Biophysical Composition and structure of the community

Governance Level of resource conflict

Socio-economic Community infrastructure and businesses

Biophysical Protection of critical habitats such as coral reefs, 
mangroves, sea grass

Governance Local understanding of local rules and regulations

Governance Degree of interaction between managers and 
stakeholders

Socio-economic Local values and beliefs regarding the marine resources

Governance Level of stakeholder participation and satisfaction in 
management process and activities

Governance Existence and activity level of community organisation

Governance Existence of decision making and management body

Socio-economic Level of understanding of human impacts on resources

Reference: Gallacher, J., et al., Evaluating the 
success of a marine protected area: A systematic 
review approach, Journal of Environmental 
Management (2016), 
http://dx.doi.org/10.1016/j.jenvman.2016.08.029

Gallacher et al developed 
a framework for 
evaluating MPA success 
using 15 indicators of 
these indicators.

They used a traffic-light 
system to evaluate an 
MPA using secondary 
data.  If data was positive, 
the indictor received a 
green rating, negative: 
red, and mixed reports: 
yellow.
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Evaluate an MPA

Reference: Pomeroy, R.S., Parks, J.E. and Watson, L.M. (2004). How is your MPA doing? A Guidebook of Natural and Social 
Indicators for Evaluating Marine Protected Area Management Effectiveness. IUCN, Gland, Switzerland and Cambridge, UK.

The IUCN guidebook describes shows the stages for evaluating a marine park
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Select some (not too many) indicators to evaluate your choice 
of MPA, based on the specific goals and objectives of that 
marine park. 

These should be clearly described in the management plan.

Classroom activity - Evaluate an MPA

Step 1

Research information to help you decide whether your 
chosen indicators have been met.

This may be in an annual report or scientific paper.

Have all (or most) of the goals been met? If so, your MPA is successful!

If not, the MPA may need to be reviewed and adjusted.

Step 2

Step 3
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This example evaluates the abundance and population structure of the bullethead parrotfish in 
Guam:

Reference: Pomeroy, R.S., Parks, J.E. and Watson, L.M. (2004). How is your MPA 
doing? A Guidebook of Natural and Social Indicators for Evaluating Marine 
Protected Area Management Effectiveness. IUCN, Gland, Switzerland and 
Cambridge, UK. Page 119



This example shows an area showing signs of recovery:

Reference: Pomeroy, R.S., Parks, J.E. and Watson, L.M. (2004). How is your MPA doing? A Guidebook of Natural and Social 
Indicators for Evaluating Marine Protected Area Management Effectiveness. IUCN, Gland, Switzerland and Cambridge, UK.
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This example shows responses to changes in legislation:

Reference: Pomeroy, R.S., Parks, J.E. and Watson, L.M. (2004). How 

is your MPA doing? A Guidebook of Natural and Social Indicators for 

Evaluating Marine Protected Area Management Effectiveness. IUCN, 

Gland, Switzerland and Cambridge, UK.
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The Reef 2050 Plan outlines the 
management actions, targets, objectives 
and outcomes of the Great Barrier Reef.

Download a copy here: 
https://www.environment.gov.au/marine/gbr/long-
term-sustainability-plan

Image: © Copyright Commonwealth of Australia, 2018.  CC BY

This was discussed in the previous topic

How is GBRMPA doing?
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The RIMReP program measures and reports on the Reef 2050 Plan’s progress towards 
achieving the outcomes, objectives and targets. 
RIMReP is based on the Driver, Pressure, State, Impact and Response (DPSIR) 
Framework.

Image: Reef 2050 Long-Term Sustainability Plan—July 2018, Commonwealth of Australia 2018.  CC 4.0 BY
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Progress in implementing the Reef 2050 plan is 
reported in an Annual report.

This report provides and overview of progress 
towards 151 actions in 7 themes:

1. Ecosystem health
2. Biodiversity
3. Heritage
4. Water quality
5. Community benefits
6. Economic benefits
7. gGovernance

Image: © Copyright Commonwealth of Australia, 2016.  
From Reef 2050 Plan—Annual report and implementation strategy, 
Commonwealth of Australia 2016 CC BY 4.0 
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As in the 2016 report. 

Image: © Copyright Commonwealth of Australia, 2016.  From Reef 2050 Plan—Annual report and implementation strategy, Commonwealth of Australia 2016. CC BY 4.0
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Progress in each theme is reported separately:

You can download the annual report, or the more detailed addendum here:
https://www.environment.gov.au/marine/gbr/publications/reef-2050-plan-annual-report-implementation-strategy

Image: © Copyright Commonwealth of Australia, 2016.  From Reef 2050 Plan—Annual report and implementation strategy, Commonwealth of Australia 2016 CC BY 4.0 
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Overall assessment of the 

effectiveness of existing measures to 

protect and manage the Great 

Barrier Reef Region’s values

Image: Great Barrier Reef Marine Park Authority 

2014, Great Barrier Reef Outlook Report 2014, 

GBRMPA, Townsville. CCBY3.0

Page 127



The Outlook report reports recovery in the ecosystem:

Image: Great Barrier Reef Marine Park Authority 2014, Great Barrier Reef Outlook Report 2014, GBRMPA, Townsville. CCBY3.0

Page 128



The Outlook report 
summarises management 
effectiveness, impacts and 
risk associated with factors 
influencing the Region’s 
values

Image: Great Barrier Reef Marine Park Authority 2014, Great Barrier Reef Outlook Report 2014, GBRMPA, Townsville. CCBY3.0
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T126 Government and NGO 
management roles

Adam Richmond and Bob Moffatt
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Syllabus statement
At the end of this topic you should be able to ... 

Compare

the roles of government and non-government organisations in the management and 
restoration of ecosystems and their relative abilities to respond (e.g. speed, diplomatic 
constraints, political influence, enforceability).
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Compare

• display recognition of similarities and differences and recognise the 
significance of these similarities and differences
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A government is the system or group of people governing an organized 
community, often a state. 

In the case of its broad associative definition, government normally consists of 
legislature, executive, and judiciary.

Government is a means by which organizational policies are enforced, as well 
as a mechanism for determining policy. 

Read more at

https://en.wikipedia.org/wiki/Government

Definitions
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What are NGOs?

The term NGO stands for nongovernmental organisation, and it includes a variety of 
organizations such as “private voluntary organizations,” “civil society organizations,” 
and “non-profit organizations” 1

“Groups of individuals organised for the myriad of reasons that engage human 
imagination and aspiration. They can be set up to advocate a particular cause, such 
as human rights, or to carry out programs on the ground, such as disaster relief. They 
can have memberships ranging from local to global.” 2

Reference: 1 Dhanda, K., & Young, S. (2013). Sustainability. Thousand Oaks, Calif.: SAGE PublicaQons.
2. Charnovitz, 1997, cited in Esty, Daniel C & Ivanová, Mária H & Yale Center for Environmental Law and Policy & Yale University. School of Forestry and Environmental Studies 
(2002). Global environmental governance : op8ons & opportuni8es. Yale School of Forestry & Environmental Studies, [New Haven, CT]
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Some Australian Environmental 
NGOs (eNGOs):

Source
https://www.aegn.org.au

The Australian Environmental 
Grantmakers Network (AEGN) 
brings together 
philanthropists who care 
about the environment and 
enables them to become 
better at what they love 
doing. 
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Objectives
To use a table to compare the 
speed, diplomatic constrains, 
political influences and 
enforcement capabilities of local 
government non-government 
agencies as they attempt the 
restoration of a damaged 
ecosystem in the following case 
studies;

A. Fuel spill from a boat
B. Oil spill from a ship hitting a 

reef
C. Restoration of a local creek 

impacting water quality on 
an adjacent marine park

D. Australian Marine 
Conservation Society

Copyright Bob Moffatt. May be use under Creative Commons CC 4.0 BY-NC-SA
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Note:

Time-frames for the roles 
government and non-
government organisations
play in the management and 
restoration of ecosystems can 
vary from hours, to days, to 
months to years and even to 
life times. 

Copyright Bob Moffa>. May be use under Crea?ve Commons CC 4.0 BY-NC-SA
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This is a diagram that shows all 
possible logical relations 
between a finite collection of 
different sets. 

Sets A (creatures with two legs) 
and B (creatures that can fly)

Note also:
Your teacher may use other methods of comparison, for example a Venn diagram .

By SilverStar at English Wikipedia, CC BY 2.5, 
https://commons.wikimedia.org/w/index.php?curid=45837255
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Copyright Bob Moffatt. May be use under Creative 
Commons CC 4.0 BY-NC-SA

Case study A
Fuel spill from a boat
Operator looses control of the nozzle and 
fuel overflows into the air sea rescue 
marina.  

A local fisheries patrol is passing and 
observes the incident.  About 10 litres of 
fuel is spilled and no attempt is made to 
clean up the fuel. The marina is next to 
the local fishing fleet and fish habitat 
reserve 

Construct and complete the table to 
compare the roles government and non-
government organisations play in the 
management and restoration of local 
ecosystems.
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Case study 
Fuel spill from a 
boat 
 

Response criteria Non-government Government 

Operator looses 
control of the 
nozzle and fuel 
overflows into the 
air sea rescue 
marina.   
A local fisheries 
patrol is passing 
and observes the 
incident.  About 
10 litres of fuel is 
spilled and no 
attempt is made 
to clean up the 
fuel. The marina 
is next to the local 
fishing fleet and 
fish habitat 
reserve  

Speed Quick – the local air sea rescue is 
out with fuel absorbent rags. 

Fisheries patrol alerts local council officers to deploy pollution 
beams.  Local council pollution action plan enacted. 

Diplomatic constraints 
 

Operator is not interested in 
cleaning it up, becomes abusive 
and drives off.   Action limited. 

Fisheries gives chase apprehends suspect, needs to call police as 
operator appears to be under the influence of drugs or alcohol. 
 

Political influences 
 

Limited apart from ability to take 
photographs and possibly shame 
on social media – this could be 
morally incorrect. 

Government will have set regulations and have issued a 
BoatSafe licence which mandate knowledge of pollution laws. 
BoatSafe training providers may be audited. 

Enforcement 
 

Limited, could undertake citizens 
arrest till water police arrive. 

Operator delt with according to law. Could range from fine to 
arrest for illegal drug or alcohol use.  See what happens when 
you spill some fuel! 
 
 

 

Copyright Bob Moffatt. May be use under Creative Commons CC 4.0 BY-NC-SA
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Case study B
Oil spill from stricken 
ship
During a severe storm an oil carriers 
hull breaks off a large barrier reef. 
During the storm thousands of litres
of oil pour out and the ship. 

AMSA receives a mayday and the 
crew are rescued during the storm, 
but the stricken ship is drifting 
towards the reef. 

Copyright AMSA. Reproduced with permission.
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Issues

However an oil spill can take many 
days or weeks to respond to 
depending on factors such as 
• Proximity to land
• Weather conditions
• The availability of trained 

responders
• Winds and currents
• The type of oil or pollutants 

involved
Copyright Bob Moffatt. May be use under Creative Commons CC 4.0 BY-NC-SA
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Response times are even greater and cost more if an oil spill reaches a beach or bird 
colony.

Copyright AMSA. Reproduced with permission.
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Copyright Bob Moffa0. May be use under Crea7ve Commons CC 4.0 BY-NC-SA Page 145



Case study C:
Restoration of a local creek 
impacting water quality on an 
adjacent marine park.

Compare the application and approval
processes and the roles of government and 
non-government organisations in the 
management and restoration of a local 
creek and their relative abilities to respond 
(e.g. speed, diplomatic constraints, political 
influence, enforceability).

Copyright Bob Moffatt. May be use under Creative 
Commons CC 4.0 BY-NC-SA
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Restoration of a local 
creek to improve the 
water quality of a 
adjacent marine 
ecosystem.

Government agency –
Local city council.

Non-government agency 
– Local enviro-group.

Copyright Bob Moffatt. May be use under Creative 
Commons CC 4.0 BY-NC-SA
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Planting mangroves removed by 
previous generations is part of 
the restoration process.

Copyright Bob Moffatt. May be use under Creative 
Commons CC 4.0 BY-NC-SA
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Oysters in the creek can 
no longer be consumed 
and water quality in the 
na7onal park is being 
degraded.

Copyright Bob Moffatt. May be use under Creative 
Commons CC 4.0 BY-NC-SA
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The project application involved riparian bank restoration and 
establishment of creek bed filter rubble.

Copyright Bob Moffatt. May be use under Creative Commons CC 4.0 BY-NC-SA
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As well as creek bank stabilization and water quality testing by an NGO.

Copyright Bob Moffatt. May be use under Creative Commons CC 4.0 BY-NC-SA
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Speed can be slow by non- governments 
organisations  if  grant applications are few and 
far between or get rejected time and time 
again. 

Sometimes it takes a few years to get a grant 
and project up and going.
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Planning – role comparisons

Copyright Bob Moffa0. May be use under Crea7ve Commons CC 4.0 BY-NC-SA
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Approval – role comparisons

Copyright Bob Moffatt. May be use under Creative Commons CC 4.0 BY-NC-SA
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The there are the 
implementation 
and evaluation 
stages.

Government and NGO 
reps at creek 

restoration opening

Copyright Bob Moffatt. May be use under Creative Commons CC 4.0 BY-NC-SA
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Case study D:
AMCS – an NGO.

© 2019 Australian Marine Conservation 
Society Reproduced with permission

Reference

Australian Marine Conserva>on Society 

h?ps://www.marineconserva>on.org.au

AMCS is Australia’s only national 
charity dedicated solely to protecting 
our precious ocean wildlife.
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Australian Marine Conservation Society

AMCS advocate for real, evidence 
based solutions based on the best 
available science. 

AMCS work closely with research 
centres worldwide and employ 
conservation experts to safeguard 
the future of Australia's oceans.

© 2019 Australian Marine Conservation 
Society Reproduced with permission
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Copyright Bob Moffatt. May be use under Creative Commons CC 4.0 BY-NC-SA

Anna Franke, Operations Coordinator, Australian Marine Conservation Society 
has kindly responded to the table syllabus objective in the next few slides.
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Speed 1

1 
Anna Franke

Opera,ons Coordinator

Australian Marine Conserva,on Society

“We can respond very quickly to arising issues, 

breaking news or changes in policy as we aren't 

bound by the same bureaucratic systems and 

processes as government agencies (for example on 

approvals processes for public positions). 

We do work within our overall Strategic Plan and 

conservation priorities, but can respond quickly and 

flexibly within those bounds.”1

© 2019 Australian Marine Conservation 

Society Reproduced with permission
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“There are clear limits to how we work in relation to political influence 
(as stipulated by the Charities Act and policy of the Australian Charities 
and Not-for-profits and Commission) – so we cannot be political in the 
sense of supporting or promoting a political party or candidate. 
Whilst we are proudly independent and non-partisan, we can and do 
comment on the government policies and positions as those relate to 
conservation of the marine environment.

We work through scientific research, policy reform, community 
engagement and education to advance our mission of protecting 
Australia's oceans for the sake of current and future generations.”

Political influence/ diplomatic constraints 1

1 Anna Franke
Operations Coordinator
Australian Marine Conservation Society

© 2019 Australian Marine Conservation 
Society Reproduced with permission
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© 2019 Australian Marine Conservation Society Reproduced with permission

Poli?cal influence
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“Government sets legislation, makes policy and 
binding/enforceable environmental decisions, which 
is something that charities/NGOs don't do, but do 
seek to influence. 

We seek to shape and influence government policy, 
investment and decisions."

Political influence, enforceability 1

1 Anna Franke
Operations Coordinator
Australian Marine Conservation Society

© 2019 Australian Marine Conservation 
Society Reproduced with permission
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© 2019 Australian Marine Conservation Society Reproduced with permission
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The Australian 
Sustainable Seafood 
Guide is produced by 
AMCS is an example if 
influence.

Youtube video 
by AustMarineConsSoc, available:

https://youtu.be/d30FE6aqZwk

© 2019 Australian Marine Conservation Society Reproduced with permission
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Others could include

For example the restora.on of a 
reef from crown of thorns 
outbreak, improvement of water 
quality on a reef by improved 
catchment prac.ces (urban and 
rural)

Queensland Fisheries copyright reproduced with permission.

AIMS copyright reproduced with permission.
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Perhaps the most challenging 
longer term - global reduction in 
greenhouse emissions to combat 
sea temperature rise and ocean 
acidification.

By Frank J. (Frank John) Aleksandrowicz, 1921-, Photographer 
(NARA record: 8452210) - U.S. National Archives and Records 
Administration, Public Domain, 
https://commons.wikimedia.org/w/index.php?curid=17100801
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The National Reserve System is Australia's network of protected areas, 
conserving examples of our natural landscapes and native plants and 
animals for future generations. Based on the CAR framework, it is the 
nation's natural safety net against our biggest environmental 
challenges.

Reference: https://www.environment.gov.au/land/nrs/getting-involved/government-agencies

Additional reading

The following set of slides takes the topic further, but 
beware of Fme constraints as subject maHer is very 
large. 
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State and territory governments have primary responsibility for land management in 
Australia's federal system; building protected areas by declaring national parks in some of the 
country's most stunning landscapes.

Local council governments manage a network of reserves and open spaces, which make up 
the National Reserve System (NRS)

Reference: https://www.environment.gov.au/land/nrs/getting-involved/government-agencies

655 hectares of rainforest bordering the Great Sandy national Park is part of the NRS
Image: Peter Taylor, © Commonwealth of Australia, CCBY

Government roles
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The reserve system includes more than 10,500 protected areas covering 19.63 per cent of the 
country - over 150 million hectares. It is made up of Commonwealth, state and territory 
reserves, Indigenous lands and protected areas run by non-profit conservation organisations.

Image: Map produced by ERIN (Environmental Resources Information Network), Australian Government Department of 
the Environment and Energy.
© Commonwealth of Australia, June 2017.   CCBY4.0

Nearly 45 % of the 
protected area estate 
on mainland Australia 
is publicly owned and 
managed by the 
Australian 
government or state 
and territory 
governments.
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The Na'onal reserve system includes marine protected areas.

Image: Map produced by ERIN (Environmental Resources Information Network), Australian Government Department of the Environment and Energy.
© Commonwealth of Australia, June 2017.   CCBY4.0 Page 170



Non-government organisations are part of the National Reserve System, purchasing land, 
managing land, conducting research and running on-ground conservation programs.
These organisations include Australian Wildlife Conservancy, Bush Heritage Australia, and 
Nature Conservancy.

Bush Heritage Australia manage Reedy Creek Reserve, 
near Agnes Water.
YouTube video by Bush Heritage Australia, available: https://youtu.be/R4T0O5NzY48 

Non-government
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Here are some eNGOs involved with the Great Barrier Reef:

Australian Coral Reef Society Inc

Australian Marine Conservation Society

Australian Youth Climate Coalition

Australians for Animals

Citizens of the Great Barrier Reef Foundation

Friends of Beware Reef

Great Barrier Reef Foundation

Ocean Ark Alliance

Ocean N Environment Ltd

Reef Catchments (Mackay Whitsunday Isaac) Ltd

Reef Check Foundation Ltd

Reef Life Survey Foundation Inc

The Lizard Island Reef Research Foundation

Great Barrier Reef Research Expedition Inc

The Virginia Chadwick Memorial Foundation

Visit: 

https://www.aegn.org.au/environmental

-organisations/engos/

To learn more about these eNGOs
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The Great Barrier Reef Founda2on

The Great Barrier Reef Foundation 
is the lead charity dedicated to 
protecting the Great Barrier Reef 
through funding solutions 
grounded in science, technology, 
engineering and on-ground action 
to ensure its long-term 
conservation.

The GBRF lead the collaboration 
of business, science, government 
and philanthropy – groups who 
would not otherwise come 
together – for the benefit of the 
Reef.

Learn more about The Great Barrier Reef Foundation here: 
https://www.barrierreef.org

YouTube video by Great Barrier Reef Foundation
Available: https://youtu.be/VP4YUotrbVI
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Activity - The roles of an NGO
As part of her Masters thesis, Crosman categorised specific activities of eNGOs involved with 
marine conservation into five roles: 

Crosman, K. (2013). The Role of Non-Governmental Organizations in Marine Conservation (Master of Science). 
University of Michigan. 
Accessed: http://hdl.handle.net/2027.42/99557

Role Description Sample activities
Advocate Drawing attention to or cultivating concern about 

marine issues;
rallying support for a marine conservation agenda

Lobbying government and industry
Participating in cross-sector collaborations as the voice of the environment
Lawsuits
Direct action
Some education and outreach

Expert Providing scientific input into marine conservation and 
management;
increasing organisational knowledge

Original scientific research
Development of scientific conservation tools
Providing solicited process or science expertise

Manager Directly implementing marine or coastal conservation; 
engaging in hands-on conservation activities

Land or easement purchases
Management or co-management of protected areas
Service provision
Habitat restoration

Watchdog Enforcing marine conservation agreements; preventing 
or stopping illegal activities, or activities seen as 
incompatible with a conservation agenda

Monitoring compliance and publicising infractions
Direct action, including direct interference with targeted activities
Lawsuits

Enabler Empowering others to manage or provide input into 
management of their own marine  and coastal 
resources

Capacity building
Funding provision
Providing opportunities for stakeholder involvement in conservation activities
Process facilitation
Network creation
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Crosman, K. (2013). The Role of Non-Governmental Organizations in Marine Conservation (Master of Science). University of Michigan. Accessed:

http://hdl.handle.net/2027.42/99557

Role Description Sample activities
Advocate Drawing attention to or cultivating 

concern about marine issues;

rallying support for a marine 

conservation agenda

Lobbying government and industry

Participating in cross-sector collaborations as the voice of the 

environment

Lawsuits

Direct action

Some education and outreach

Expert Providing scientific input into marine 

conservation and management;

increasing organisational knowledge

Original scientific research

Development of scientific conservation tools

Providing solicited process or science expertise

Manager Directly implementing marine or 

coastal conservation; 

engaging in hands-on conservation 

activities

Land or easement purchases

Management or co-management of protected areas

Service provision

Habitat restoration

Watchdog Enforcing marine conservation 

agreements; preventing or stopping 

illegal activities, or activities seen as 

incompatible with a conservation 

agenda

Monitoring compliance and publicising infractions

Direct action, including direct interference with targeted 

activities

Lawsuits

Enabler Empowering others to manage or 

provide input into management of 

their own marine  and coastal 

resources

Capacity building

Funding provision

Providing opportunities for stakeholder involvement in 

conservation activities

Process facilitation

Network creation

Class activity– research an NGO from previous slide- and categorise their main role:
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Queensland marine science syllabus guide

Unit 4 Ocean issues and 
resource  management

Topic 1: Oceans of the future

B. Future scenarios
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T127 Atmospheric condition 
datasets

Adam Richmond and Bob Moffatt
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Syllabus statement
At the end of this topic you should be able to ... 

Evaluate

future scenarios for a named marine system through the analysis of different 
atmospheric condition datasets
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Evaluate

• make an appraisal by weighing up or assessing strengths, implications and 
limitations; 

• make judgments about ideas, works, solutions or methods in relation to 
selected criteria; 

• examine and determine the merit, value or significance of something, 
based on criteria
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Objective
Evaluate future scenarios for Annual Severe 

Bleaching (ASB)

by comparing

Indonesian and Australian Reefs - the named 
marine systems.

through the analysis of a Representative 

concentration pathway (RCPs) of 8.5 – the 
different atmospheric condition datasets

This subject matter 
statement must be 
done in conjunction 
with T 099.

Best to follow it.

Editors note: 

This is where the syllabus gets messy if you follow the order. There is so much to climate change 

and so many new words, MTAQ needs to take this by the horns and rationalize the content.
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UN Framework Convention on 
Climate Change (UNFCCC) 

The United Nations Framework Convention 
on Climate Change (UNFCCC or FCCC) is an 
international environmental treaty 
negotiated at the United 
Nations Conference on Environment and 
Development (UNCED), informally known as 
the Earth Summit, held in Rio de Janeiro 
from 3 to 14 June 1992.

Terminology

https://unfccc.int/process-and-meetings/the-convention/what-is-the-united-
nations-framework-convention-on-climate-change
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UNFCCC – United Nations Framework Convention on Climate Change: an 
international environmental treaty negotiated at the Earth Summit in Rio 
de Janeiro in 1992 with the objective

“to stabilize greenhouse gas concentrations in the 
atmosphere at a level that will prevent dangerous 
human interference with the climate system.” 

The convention entered into force in 1994. As of September 2016, 197 
countries have ratified the Convention.
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The Paris agreement
The UN Framework Convention on Climate Change (UNFCCC) is aimed 

at stabilizing atmospheric concentrations of greenhouse gases to avoid 

“dangerous anthropogenic interference with the climate system” 

(Article 2). 

The 21st Conference of Parties to the Convention (COP21), held in Paris 

in 2015, adopted a legally binding agreement (the ‘Paris Agreement’) 

with the goal of keeping global warming well below 2°C, while pursuing 

efforts to stay below 1.5°C. 

• The Agreement enters into force when at least 55 Parties 

accounting for at least 55 % of the total global greenhouse gas 

emissions have ratified it. 

• The agreement requires that countries prepare Nationally 

Determined Contributions (NDCs) in pursuit of its goal. 

• New NDCs are expected in 2020 and then every five years 

thereafter with global stock-take to review progress planned for 

2023. 

Reference:
https://wedocs.unep.org/bitstream/handle/20.500.11822/22048/Coral_Bleaching_Futures.pdf?sequence=

By Zinneke - Own work, CC BY-SA 3.0, 

https://commons.wikimedia.org/w/index.php?curid=277365

70

Page 184



The Paris Agreement

– the legally binding agreement adopted by the 
21st Conference of Parties to UNFCCC in Paris in 
2015, with the goal of keeping global warming well 
below 2°C, while pursuing efforts to stay below 
1.5°C. 

The Agreement enters info force when at least 55 Parties accounting 
for at least 55 % of the total global greenhouse gas emissions have 
ratified it.
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If the Paris Agreement is not implemented, i.e. a 
‘business as usual’ scenario, 58-61 Giga tons of carbon 
dioxide equivalents per year (Gtons CO2-eq/yr) are 
projected to be emitted in 20301 which is closely 
approximated by emissions scenario RCP8.5. 

• Assuming pledges do become reality would result in 
emission of 52-55 Gtons CO2-eq/yr in 2030, which is 
below RCP8.5 and above the emissions concentrations 
associated with RCP4.5. 

• Pledges made under recent INDCs (as of September 
2016) would have to be 150% greater on average for 
emissions in 2030 to be 49 Gtons CO2-eq/yr, which is 
the prescribed amount under the RCP4.5 scenario. 

• In effect, RCP4.5 represents a better future for coral 
reefs than would be projected using the emissions 
trajectory associated with the Paris Agreement. 

Reference1

http://climateactiontracker.org/global.html) 

By Frank J. (Frank John) Aleksandrowicz, 1921-, Photographer 
(NARA record: 8452210) - U.S. National Archives and Records 
Administration, Public Domain, 
https://commons.wikimedia.org/w/index.php?curid=17100801

RCPs
Representative 
concentration 
pathways
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The Paris Agreement is an international, legally-binding agreement on Climate Change, which 
seeks to limit global warming to a maximum of 2oC (preferably 1.5oC) above pre-industrial 
temperatures.

The Paris Agreement for Climate Change
YouTube video by WWF-Brasil, available: https://youtu.be/I-4F5MJEeqs

If the Paris agreement is 
implemented fully, we 
may achieve the RCP4.5 
pathway.  

If not, the RCP8.5 is likely.

Video link
https://youtu.be/I-4F5MJEeqs
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The IPCC
Intergovernmental Panel on Climate Change

https://www.ipcc.ch/

The IPCC developed a greenhouse gas concentration 
(not emissions) trajectory  called a Representative 
Concentration Pathway (RCP).
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RCP – Representative Concentration Pathway: 

four greenhouse gas concentration trajectories 
adopted by the Intergovernmental Panel on Climate 
Change (IPCC) for its Fifth Assessment Report in 
2014. These supersede the Special Report on 
Emissions Scenarios (SRES) published in 2000. 

Among these RCP8.5 represents a business-as-usual scenario in that 
it assumes emissions will continue to grow largely unabated. RCP4.5 
represents a successful mitigation pathway and assumes emissions 
peak around 2040 and then decline. 
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The UN document, and many other 
articles refer to this paper by Hooidonk:

Which you can download (open access) 
here:

https://www.nature.com/articles/srep39666.pdf

Full reference:
van Hooidonk, R., Maynard, J., Tamelander, J., Gove, J., 
Ahmadia, G., & Raymundo, L. et al. (2016). Local-scale 
projections of coral reef futures and implications of the Paris 
Agreement. Scientific Reports, 6(1). doi: 10.1038/srep39666. 
OPEN ACCESS available : 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5175274/
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Climate scientists have 
developed Representative 
Concentration Pathway (RCP) 
scenarios to model four 
possible climate futures.

The RCP pathways

https://skepticalscience.com/docs/RCP_Guide.pdf
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These models account for the influence 
of greenhouse gases and other 
pollutants on climate to year 2100.

Each pathway is named after the 
“radiative forcing”- which is the extra 
heat (in Watts per square meter, W/m2) 
in the atmosphere caused by additional 
greenhouse gases.

Radiative forcing for the different RPCs1

Image: Climate Change in Australia Technical Report, retrieved from https://www.climatechangeinaustralia.gov.au For permission see
https://www.climatechangeinaustralia.gov.au/en/term-of-use/
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By Ilinri (talk) (Uploads) - Transferred from en.wikipedia to Commons., CC0, 
https://commons.wikimedia.org/w/index.php?curid=28855014
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The next two images refer to 
the following paper:

You can download and read 
more at:
https://rdcu.be/bFHmr
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RCP CO2 concentration predictions
Image: van Vuuren, D.P., Edmonds, J., Kainuma, M. et al. Climatic Change (2011) 109: 5. https://doi.org/10.1007/s10584-011-0148-z

https://rdcu.be/bFHmr

RCP8.5 is the “business as usual” scenario: If 
emissions are not reduced and CO2 
continues to rapidly rise, reaching 940 ppm 
by 2100.  

This is where we are heading now…

RCP6.0 requires lower emissions, by 
applying mitigation strategies and 
technologies.   CO2 rises less rapidly that 
RCP 8.5, but still reaches 660ppm by 2100.
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RCP CO2 concentration predictions
Image: van Vuuren, D.P., Edmonds, J., Kainuma, M. et al. Climatic Change (2011) 109: 5. https://doi.org/10.1007/s10584-011-0148-z
https://rdcu.be/bFHmr

RCP4.5 has a slightly higher CO2 that RCP6.0, 
until emissions peak around 2040, with CO2 
reaching 540 ppm by 2100

RCP2.6 is the most ambitious mitigation 
scenario, with emissions peaking around 
2020, then rapidly declining.  This would 
require full* participation and technology 
that will remove CO2 from the atmosphere.

*in early 2019 Angola, Eritrea, Iran, Iraq, Kyrgyzstan, 
Lebanon, Libya, Oman, Russia, South Sudan, Suriname, 
Turkey, and Yemen have not ratified the Paris agreement-
and the US intends to withdraw
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These RCP futures will affect CO2, Sea Surface Temperature, sea level and ocean pH

Reference: Morrison T. and Hughes T. (2016) Climate change and the Great Barrier Reef. Policy Information Brief 1, National Climate Change Adaptation Research 

Facility, Gold Coast.

Available: https://www.nccarf.edu.au/sites/default/files/attached_files/GBR_PIB_WEB.pdf

This project is supported by the Australian National Data Service (ANDS) through the National Collaborative Research Infrastructure Strategy Program and the 

Education Investment Fund (EIF) Super Science Initiative, as well as through Griffith University and QCIF.

The National Climate Change Adaptation Research Facility, Gold Coast has 

produced the following table:
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Available: 
https://www.nccarf.edu.au/sites/defa
ult/files/attached_files/GBR_PIB_WE
B.pdf
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Image and reference: Lethal Consequences: Climate Change Impacts on the Great Barrier Reef.
Authors: Lesley Hughes, Annika Dean, Will Steffen and Martin Rice.
©Climate Council of Australia Ltd 2018, CCBY ND 2.0

Under RCP8.5, mean coral cover is projected 
to decline to 5% by 2050,  with 72% of the 
decline attributable to climate change.

Under RCP4.5 mean coral cover is projected to 
decline to 30% by 2050,  with 54% of the decline 
attributable to climate change.
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Image: Donner, S., Heron, S., & Skirving, W. (2009). Future Scenarios: a Review of Modelling Efforts to Predict the Future of 
Coral Reefs in an Era of Climate Change. Ecological Studies, 159-173. doi: 10.1007/978-3-540-69775-6_10, with permission 
(Fig 10.4)

The RCP8.5 scenario is forecast to cause a 1-3oC increase in sea surface temperatures by 2100.

Observed and 
projected annual 
mean SST for the 
Great Barrier Reef

SST Sea surface 
temperatures
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Annual Severe Bleaching (ASB) events
Annual severe coral bleaching (ASB) is defined as the 
annual exceedance of >8 DHW accumulating during 
any 3-month period (as in van Hooidonk et al. 2014; 
2015). 

8 DHWs is higher than the mean optimum bleaching 
predictor of 6.1 

DHWs for the globe (van Hooidonk and Huber 2009); 
i.e. at 8 DHWs we can have confidence thermal stress 
will be sufficiently great for bleaching to occur (van 
Hooidonk et al. 2014). 
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Degree heating months are converted into Degree Heating Weeks 
(DHW) by multiplying by 4.35 (van Hooidonk et al. 2014) (i.e. one 
DHW is equal to 1°C above the maximum monthly mean (bleaching 
threshold) for one week). Projections were developed for twice-
per-decade and annual (10x per decade) bleaching conditions. 

Reefs are likely to change dramatically once 
bleaching events occur at least twice per decade.
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This increased temperature will increase the likelihood of coral bleaching and mortality 

Image: Hoegh-Guldberg O, Poloczanska ES, Skirving W and Dove S (2017) Coral Reef Ecosystems under Climate Change and Ocean 

Acidification. Front. Mar. Sci. 4:158. doi: 10.3389/fmars.2017.00158. Open Access CCBY 

Available: https://www.frontiersin.org/articles/10.3389/fmars.2017.00158/full#h15
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This is the same image, focusing just on the Western Pacific region.
1 degree heating month is the amount of stress required to trigger mass bleaching.

Image: Hoegh-Guldberg O, Poloczanska ES, Skirving W and Dove S (2017) Coral Reef Ecosystems under Climate Change and Ocean 
Acidification. Front. Mar. Sci. 4:158. doi: 10.3389/fmars.2017.00158
Open Access CCBY Available: https://www.frontiersin.org/articles/10.3389/fmars.2017.00158/full#h15

The occurrence of bleaching events will increase under all climate futures.

DHMI
degree heating 
month index

Also used 
DHW
Degree 
Heating Week
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This graph shows the distribution in projected 
timing of (ASB) conditions on reefs world wide 
under the RCP 8.5 scenario.

ASB is projected to occur within the 21st century 
for 99% of the world’s coral reefs.

The Global average time for ASB is 2043.

But not all reefs face the same future….

Image: van Hooidonk, et al. (2016). Local-scale 
projections of coral reef futures and implications 

of the Paris Agreement. Scientific Reports, 6(1). 
doi: 10.1038/srep39666 CCBY4.0

Van Hooidonk et al has modelled the impacts of RCP 4.5 and 8.5 on the frequency of bleaching 
events, and the timing of Annual Severe Bleaching (ASB) events.  

Download the article here: 
https://www.nature.com/articles/srep39666

Note 
percentages 

equates to % of 
reefs
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Some locations will experience the 
ASB earlier than others.

Locations that are projected to 
experience ASB a decade or more 
earlier than the global average 
(2043) are ”relative climate losers”.

Locations projected to experience 
ASB a decade or more later are 
“relative climate winners”.

Predictions for the onset of annual severe bleaching, under RCP8.5
Image: van Hooidonk, et al. (2016). Local-scale projections of coral reef futures and implications of the Paris Agreement. Scientific Reports, 6(1). doi: 10.1038/srep39666 
CCBY4.0 Page 206



This Image is a close-up of the 
projection for the Northern Great 
Barrier Reef.

Analyse this diagram.

Predictions for the onset of annual severe bleaching, under RCP8.5
Image: van Hooidonk, et al. (2016). Local-scale projections of coral reef futures and implications of the Paris Agreement. Scientific Reports, 6(1). doi: 10.1038/srep39666 
CCBY4.0
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This Image is a close-up of the 
projection for the Northern Great 
Barrier Reef.

This shows that under RCP 8.5 
(explain), the Northern GBR will be 
experiencing severe annual 
bleaching before 2060.

Because this is after the global 
average of 2043, we are climate 
“winners”.  

HOORAY!
(it doesn’t really seem like we’re 
winning though, does it?)

Predictions for the onset of annual severe bleaching, under RCP8.5
Image: van Hooidonk, et al. (2016). Local-scale projections of coral reef futures and implications of the Paris 
Agreement. Scientific Reports, 6(1). doi: 10.1038/srep39666 CCBY4.0 Page 208



There is a pattern from inshore to 
offshore reefs.

Offshore reefs are predicted to 
experience ASB 15- 25 years 
earlier that inshore locations.

By reducing anthropogenic stress 
(such as pollution and water 
quality) in the inshore reefs, we 
can (hopefully) maintain 
ecosystem services in the future.

Van Hooidonk called these 
locations “relative refugia”

Predictions for the onset of annual severe bleaching, under RCP8.5
Image: van Hooidonk, et al. (2016). Local-scale projections of coral reef futures and implications of the Paris Agreement. Scientific Reports, 6(1). doi: 10.1038/srep39666 
CCBY4.0 Page 209



These graphs show when ASB conditions will 

occur under RCP8.5 for the 10 countries with 

the greatest reef area.

Distribution in projected timing of annual severe bleaching conditions under RCP 8.5 

Images: van Hooidonk, et al. (2016). Local-scale projections of coral reef 

futures and implications of the Paris Agreement. Scientific Reports, 6(1). 

doi: 10.1038/srep39666 CCBY4.0

ASB annual 

severe 

bleaching

RCPs

Representative 

concentration pathways

Note percentages equates 

to % of reefs
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Analyse these graphs- that show when ASB conditions will occur under RCP8.5 for Australia 
and Indonesia.
The grey tones refer to: dark grey–relative climate losers, projected ASB before 2034, medium grey–global average of 
2043 ± 10 years (2034–2053 all inclusive), light grey–relative climate winners projected ASB after 2053). 

Distribution in projected timing of annual severe bleaching conditions under RCP8.5 

Image: van Hooidonk, et al. (2016). Local-scale projections of coral reef futures and implications of the Paris Agreement. Scientific Reports, 6(1). doi: 10.1038/srep39666 
CCBY4.0

ASB annual severe 
bleaching
RCPs
Representative 
concentration 
pathways

Note 
percentages 

equates to % of 
reefs
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Analyse these graphs- that show when ASB conditions will occur under RCP8.5 for 
Australia and Indonesia.
The grey tones refer to: dark grey–relative climate losers, projected ASB before 2034, medium grey–global average 
of 2043 ± 10 years (2034–2053 all inclusive), light grey–relative climate winners projected ASB after 2053). 

Image: Bob Moffatt, after van Hooidonk, et al. (2016). 

ASB annual severe 
bleaching
RCPs
Representative 
concentration 
pathways

Note 
percentag

es 
equates 
to % of 
reefs
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These graphs show the distribution in projected timing of annual severe bleaching 
conditions under two emissions scenarios, RCP 8.5 (a) and RCP 4.5 (b). 

The difference between these scenarios is shown in (c) for the 86% of reefs for which 
ASB is projected this century under both RCP8.5 and RCP4.5. 

Image: van Hooidonk, et al. (2016). Local-scale projections of coral reef futures and implications of the Paris Agreement. Scientific Reports, 6(1). doi: 10.1038/srep39666 
CCBY4.0

This shows that full implementation of the Paris agreement will buy some time for some reefs

ASB annual severe 
bleaching
RCPs
Representative 
concentration 
pathways
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R. van Woesik et al tracked the recovery of reefs after thermal stress and identified coral 
species that are relative “winners” and “losers” in response to thermal stress.

Winners increase in relative abundance, whilst losers become less common.

Image: Bob Moffatt, after van Woesik R, et al (2011)
Reference: van Woesik R, Sakai K, Ganase A, Loya Y (2011) Revisiting 
the winners and the losers a decade after coral bleaching. Mar Ecol
Prog Ser 434:67-76. https://doi.org/10.3354/meps09203
Available here: 
https://www.int-res.com/articles/meps2011/434/m434p067.pdf
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Massive and encrusting Porites 
and faviid corals are more tolerant 
of thermal stress1.

Reference1

van Woesik R, Sakai K, Ganase A, Loya Y (2011) Revisiting the winners and the losers a decade after coral 
bleaching. Mar Ecol Prog Ser 434:67-76. https://doi.org/10.3354/meps09203
Available here: https://www.int-res.com/articles/meps2011/434/m434p067.pdf

Porites lutea
Image: Veron J.E.N., Stafford-Smith M.G., Turak E. and DeVantier
L.M. (2016). Corals of the World. Accessed 06 Jun 2019, version 

0.01.
http://www.coralsoftheworld.org/species_factsheets/species_facts

heet_summary/porites-lutea/?version=0.01
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Branched and corymbose growth 
forms, such as Acropora, 
Pocillopora, Stylophora, 
Seriatopora and branched Porites
are more susceptible to thermal 
stress1.

Reference1: 
van Woesik R, Sakai K, Ganase A, Loya Y (2011) Revisiting the winners and the losers a decade after coral bleaching. 
Mar Ecol Prog Ser 434:67-76. https://doi.org/10.3354/meps09203
Available here: https://www.int-res.com/articles/meps2011/434/m434p067.pdf

Acropora millepora forms a corymbose 
cushion

Image: Veron J.E.N., Stafford-Smith M.G., Turak E. and DeVantier L.M. 
(2016). Corals of the World. Accessed 06 Jun 2019, version 0.01.

http://www.coralsoftheworld.org/species_factsheets/species_factsheet_su
mmary/acropora-millepora/?version=0.01
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T128 Historical geological 
data comparisons

Dr Teressa Yantsch
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Syllabus statement
At the end of this topic you should be able to ... 

Compare

historical geological data (e.g. of coral cores) with changes in land use practices and 
global carbon dioxide and temperature levels
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Compare

display recognition of similarities and differences and recognise the 
significance of these similarities and differences

Page 220



Objectives

1. Identify and explain how coral cores act as a
proxy for climate record and provide
evidence of changes in land use i.e. nutrient
and sediment runoff.

2. Compare and contrast coral core sample
photographs.
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Corals deposit a skeleton made 
up of the mineral aragonite, 
which is a form of calcium 
carbonate (CaCO3).

The skeletal growth of corals 
consists of two distinct 
processes: 

extension (upward growth) 
and 
densification (lateral 
thickening).

Mollica et al., Proceedings of the National Academy of Sciences) 
https://www.pnas.org/content/115/8/1754

Coral skeletons 
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For a coral to grow upwards they construct 
a framework of aragonite crystals and grow 
to just below the height of the water at low 
tide (extension) .
At the same time they also support this 
upward growth by adding additional 
aragonite crystals, which thicken and 
strengthen the skeleton (densification).

Coral skeleton showing aragonite fibres and crystals. Adapted from Chen and 
Holcomb 2009. DOI: 10.1002/j.2158-1592.2009.tb00099.x

Coral skeletons

Refer back to T108: 
Interpret coral cores
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Much like trees, the skeletons of certain 

massive corals such as Porites contain annual 

growth bands or density bands.

The amount of growth, (or density of calcium 

carbonate), varies over the course of a year and 

is determined by various factors such as, 

temperature, light, changes in nutrients and 

other weather conditions. 

For example, coral formed in the summer has a 

different density than coral formed in the 

winter time.

Porites annual growth bands.

DeCarlo, T. M., & Cohen, A. L. (2017). Dissepiments, density 

bands and signatures of thermal stress in Porites skeletons. 

Coral Reefs, 36(3), 749-761. 

https://doi.org/10.1007/s00338-017-1566-9

Top (present day)Coral growth
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In order to see the coral bands, scientists 
drill cores at regularly spaced intervals 
along the coral growth axis out of 
established coral heads.
A hollow, diamond-tipped drill bit is used to 
gather small core samples from the corals 
without injuring the animal.
When coring is complete, the scientists cap 
the hole with a concrete plug. 
Polyps then grow up and over the plug and 
completely cover the scar within a year or 
two. 

Copyright UCAR Office of Education and Outreach. Complies with the Digital Millennium 
Copyright Act of 1998. 
https://eo.ucar.edu/staff/rrussell/climate/paleoclimate/coral_reef_proxy_records.html

Coral coring
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X-rays of coral cores show distinctive 
series of high- and low-density bands.
Light bands show the fast, low-
density growth that occurs during 
winter.
Darker bands show the slower, high-
density growth that occurs during 
summer time.
A couplet of light and dark bands 
represents 1 year of growth.

Porites annual growth bands.
DeCarlo, T. M., & Cohen, A. L. (2017). Dissepiments, density 
bands and signatures of thermal stress in Porites skeletons. 

Coral Reefs, 36(3), 749-761. 
https://doi.org/10.1007/s00338-017-1566-9

Top (present day)Coral growth bands
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Corals are sensitive to changes in 
temperature, water clarity, nutrient 
availability and pH.

This sensitivity is also recorded in 
the skeleton.

Environmental stressors such as 
variations in temperature, pH, and 
nutrient availability, can cause 
structural abnormalities in the 
skeleton.
Scientists can then study these layers 
to determine the temperature of the 
water, the particular stressor and the 
season in which the coral grew by 
examining the depth of each band.

Stress bands on Porites cores from the Great Barrier Reef (De Carlo et al., 2019).
Heat stress are shown for the years 2016, 2015. 2010, 2002,, and 1982.
https://doi.org/10.1098/rspb.2019.0235 CCBY

Structural abnormalities
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Larger darker patches, known as stress bands, indicate periods of environmental stress such as 
disease outbreaks or bleaching.
These larger dark patches indicate that the particular part of the skeleton is thinner and more 
porous than the lighter coloured layers of the skeleton. 
This is because of carbonate dissolution that has occurred due to environmental stress.

Stress bands

Stress bands on Porites cores from the Great Barrier Reef (De Carlo et al., 2019).
Heat stress are shown for the years 2016, 2015. 2010, 2002,, and 1982.
https://doi.org/10.1098/rspb.2019.0235 CCBY
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Over time, this leads to a more delicate skeleton that is susceptible to break and crumble under 
weather conditions such as storms, cyclones or crashing of waves.

https://www.abc.net.au/news/2014-06-16/barrier-reef-before-and-after-cyclone-ita/5527760. 
Photos copyright Catlin Seaview Survey and the University of Queensland. CC BY

The photos below show a portion of the Great Barrier Reef before Cyclone Ita (left) and badly 
damaged after Cyclone Ita (right).
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Coral coring has become a reliable way to provide information and 
credibility to theories about past events and climate patterns.
This is because the layered deposits of calcium carbonate store 
information on environmental data from  hundreds to thousands of 
years ago.
Scientists can also analyse the chemical content in the coral layers, 
which reflects the certain conditions in the ocean when the layers were 
formed.
Environmental data stored in the skeletons can include annual 
temperature records, acidity, rainfall, water pollution, storm activity 
and, sedimentation.

Information coral cores can provide
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Coral cores can act as a proxy for changes in ocean temperature, especially  El Nino events.
Bleaching events cause a reduction in annual extension length
When waters are cooler, corals can use the element strontium to supplement calcium carbonate to 
help build their skeleton.
Scientists can calculate the ratio of calcium to strontium in each coral layer to determine the water 
temperature when the layer was created.

Temperature

Strontium/Calcium ratios correlate with sea surface temperature.
Image: D’Olivo, J., & McCulloch, M. (2017). Response of coral calcification and calcifying fluid composition to thermally induced bleaching
stress. Scientific Reports, 7(1). doi: 10.1038/s41598-017-02306-x. Open access, available: https://www.nature.com/articles/s41598-017-
02306-x Page 231



Scientists can also analyse coral 
skeletons to determine how acidic 
the ocean water were when the 
skeleton was deposited.
When oceans are acidic, the growth 
of corals can change and produce the 
thinner structural abnormalities with 
gaps like bubbles evident in the 
layers.

pH - acidity

Coral skeleton morphology at experimentally modified pH
Image: Tambutté, E., Venn, A., Holcomb, M., Segonds, N., Techer, N., & Zoccola, D. et al. (2015). 
Morphological plasticity of the coral skeleton under CO2-driven seawater acidification. Nature 
Communications, 6(1). doi: 10.1038/ncomms8368, CCBY-4.0.
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The concentration of trapped oxygen atoms can be used to estimate  the amount of rainfall.

Rainfall

Image: NASA figure by Robert Simmon, based on data provided by Cole et. al.2000 
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Coral cores can also provide evidence of increased sediments that have been carried to the ocean after 
heavy rain or floods.
When the water column is clouded with sediment, the symbiotic algae, and hence the coral, cannot 
grow as quickly because of the reduced sunlight.
This slow growth or stress period appears in the coral growth layers as dark patches.

Sedimentation

The annual luminescent bands on this coral core from Pandora Reef reflect freshwater exposure. 

Page 234



Increases in terrestrial runoff into the 
marine environment are one of the major 
threats to coral reefs.
Human activities have altered river 
catchments.
In a study conducted by Prouty et al 
(2017), coral cores were analysed to 
examine how low pH and high nutrient 
conditions from treated wastewater 
influenced west Maui coral reefs.
Several coral cores were collected at 
varying distances from a ground water 
discharge seep on the seafloor.

Land use and pollution

Coral cores collected away from the seep site
Image: Prouty, Nancy & Cohen, Anne & K. Yates, Kimberly & Storlazzi, Curt & 
Swarzenski, Peter & White, Darla. (2017). Vulnerability of Coral Reefs to Bioerosion 
From Land-Based Sources of Pollution. Journal of Geophysical Research: Oceans. 
CC BY
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A study conducted by Prouty et al 
(2017), examined how low pH and 
high nutrient conditions from a 
nearby treated wastewater facility 
influenced Maui coral reefs. 

• Several coral cores were 
collected at varying distances 
from a ground water discharge 
seep on the seafloor and 
analysed computerised axial 
tomography (CAT) scan 
technology, similar to CAT scan 
machines found in hospitals.

Vulnerability of Coral Reefs to Bioerosion From Land-Based Sources of 
Pollution Nancy G. Prouty,  Anne Cohen,  Kimberly K. Yates,  Curt D. 

Storlazz,i Peter W. Swarzenski,  Darla White First published: 01 
November 2017 https://doi.org/10.1002/2017JC013264

Case study 1 
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Results
The study found that seawater 
closer to the ground water 
leakage seep had a lower pH, 
less carbonate and nitrate 
levels 50 times higher than 
seawater further away from the 
seep site. 

In addition, coral core analyses 
revealed that the corals that 
were near the seep site grew 
slower and exhibited more 
bioerosion compared to the 
corals located further away 
from the seep site.

Computerized tomography (CT) images of coral cores collected at the primary seep site. Adapted from Prouty, Nancy & 
Cohen, Anne & K. Yates, Kimberly & Storlazzi, Curt & Swarzenski, Peter & White, Darla. (2017). Vulnerability of Coral 
Reefs to Bioerosion From Land-Based Sources of Pollution. Journal of Geophysical Research: Oceans.
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• CAT imagery of coral cores collected near 
the seep site show high degree of structural 
abnormalities such as holes and loss of 
calcium carbonate skeleton.

Computerized tomography (CT) images of coral cores collected at the primary seep site. Adapted from Prouty, Nancy & Cohen, Anne 
& K. Yates, Kimberly & Storlazzi, Curt & Swarzenski, Peter & White, Darla. (2017). Vulnerability of Coral Reefs to Bioerosion From 
Land-Based Sources of Pollution. Journal of Geophysical Research: Oceans.

The dark patches, or holes, indicate 
bioerosion and a loss of calcium carbonate 
skeleton as a results of the low pH and high 
nitrate levels.

The red circles indicate the parts of the 
coral skeleton that are thinner and more 
porous due to dissolution of carbonate 
caused by the low pH and high nitrate 
levels
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• The study concluded that the polluted groundwater from the 
seep site is likely responsible for the changes to the coastal 
water chemistry and therefore the deterioration of coral 
skeletons near the seep site.

• This can further burden coral systems that are already stressed 
from other environmental factors such as ocean acidification.

Study conclusions
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Case study 2 - Additional reading
The effect of groundwater containing excess nitrogen from 
agricultural fertilisers on coral reefs in Cook Islands.

Dirk V. Erler et al. Coral Skeletons Record Increasing 
Agriculture-Related Groundwater Nitrogen Inputs to a South 
Pacific Reef Over the Past Century, Geophysical Research 
Letters (2018).
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Cohen, A. L., & Holcomb, M. (2009). Why corals care about ocean acidification: uncovering the 
mechanism. Oceanography, 22(4), 118-127.
DeCarlo, T. M., Harrison, H. B., Gajdzik, L., Alaguarda, D., Rodolfo-Metalpa, R., D'Olivo, J., ... & 
McCulloch, M. T. (2019). Acclimatization of massive reef-building corals to consecutive 
heatwaves. Proceedings of the Royal Society B, 286(1898), 20190235.
DeCarlo, T. M., & Cohen, A. L. (2017). Dissepiments, density bands and signatures of thermal stress in 
Porites skeletons. Coral Reefs, 36(3), 749-761.
Dirk V. Erler et al. Coral Skeletons Record Increasing Agriculture-Related Groundwater Nitrogen Inputs 
to a South Pacific Reef Over the Past Century, Geophysical Research Letters (2018).
Maris Kazmers of sharksong photography. Published in:Russell, R.M. (2010). Coral Reef Cores –
Paleoclimate proxy records. UCAR Office of Education and Outreach. 
https://eo.ucar.edu/staff/rrussell/climate/paleoclimate/coral_reef_proxy_records.html
Mollica, N. R., Guo, W., Cohen, A. L., Huang, K. F., Foster, G. L., Donald, H. K., & Solow, A. R. (2018). 
Ocean acidification affects coral growth by reducing skeletal density. Proceedings of the National 
Academy of Sciences, 115(8), 1754-1759.
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Coral cores resources:
There are lots of websites with information about coral cores. 
Here is a selection to get you started.

The AIMS page about coral cores:
https://www.aims.gov.au/docs/research/climate-change/climate-history/climate-history.html

NOAA page- Coral cores: ocean timelines. 
https://flowergarden.noaa.gov/science/coralcores.html

A Quantum magazine article about coral coring: 
https://www.quantamagazine.org/cores-from-coral-reefs-hold-secrets-of-the-seas-past-and-future-20180529/

An full text article about coral cores as proxies for climate and ocean chemistry:
https://www.pnas.org/content/pnas/94/16/8354.full.pdf

A US Geological survey paper with some great photos of corals and coral cores:
https://pubs.usgs.gov/of/2012/1095/pdf/ofr2012-1095.pdf
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Dirk V. Erler et al. Coral Skeletons Record Increasing Agriculture-Related Groundwater Nitrogen 
Inputs to a South Pacific Reef Over the Past Century, Geophysical Research Letters (2018).

REFERENCE

https://www.wqpmag.com/gr
oundwater-
treatment/polluted-
groundwater-damages-pacific-
ocean-coral-reefs

Additional reading
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Question
1. Compare and contrast the two coral core 

samples pictured.  
2. Which coral core sample, a or b, provides 

evidence of negative environmental stress? 
Justify your answer. 

a

b
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T129 Ocean acidification 
consequences

Dr Teressa Yantsch
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Syllabus statement
At the end of this topic you should be able to ... 

Recognise

Recognise that ocean acidification has indirect consequences on the ocean and its 
uses
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Recognise (e.g. features)

• identify or recall particular features of information from knowledge; 
• identify that an item, characteristic or quality exists; 
• perceive as existing or true; 
• be aware of or acknowledge
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Objectives

1. Recall what ocean acidification is and the chemical process.

2. Understand the saturation state of seawater.

3. Recognise that the type of carbonate ions and concentration of ions have an 
implication for the development of shell-forming and skeletal-forming organisms 
including hard corals (Scleractinia), coralline algae, molluscs, plankton and 
crustaceans.
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• Oceans play a critical role in the global carbon cycle by absorbing carbon dioxide emitted 

to the atmosphere from human activities.

• Oceans absorb 25 % of carbon dioxide from the atmosphere.

• Ocean acidification (OA) is the decrease in the pH of the Earth’s oceans, caused by the 

uptake of carbon dioxide from the atmosphere.

• The average pH of oceanic surface waters has been lowered by 0.1 pH units since the pre-

industrial period from 8.2 to 8.1.

• Since the pH scale is logarithmic, this represent a 30% increase in ocean water acidity 

(hydrogen ion activity).

Key points
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Chemical process

When carbon dioxide (CO2) is 
absorbed by seawater, chemical 
reactions occur that reduce
seawater pH, carbonate ion 
concentration, and saturation 
states (Ω) of calcium carbonate 
minerals. 

From T079 Coral 
limestone skeleton
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Bjerrum plot: Change in carbonate system of seawater from ocean acidification.
https://en.wikipedia.org/wiki/Ocean_acidification#/media/File:Carbonate_system_of_seawater.svg

The increase in 
concentrations of 
dissolved carbon dioxide 
and bicarbonate, and 
reduction in carbonate, 
can be shown in a 
Bjerrum plot.

Bjerrum plot
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Calcium ions and Carbonate ions react to form calcium carbonate according to this reaction.

CaCO3Ca2+ + CO3
2- precipitates

dissolves

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 

From T079 Coral 
limestone skeleton
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Calcium carbonate in the oceans

• Calcium carbonate (CaCO3) is a chemical 
compound that is common in rocks and is 
the main component of pearls and the shells 
of marine organisms, snails and eggs.

• Many animals and some algae use carbonate 
ions to make calcium carbonate shells and 
skeletons, a process knows as calcification.

• Seawater is supersaturated with respect to 
calcium carbonate minerals. 

• However, decreases in carbonate ion 
concentration due to ocean acidification will 
make it difficult for marine creatures to form 
hard structures.

Public Domain, 
https://commons.wikimedia.org/w/index.php?curid=292635

By Albert Kok at Dutch Wikipedia(Original text: albert kok) - Transferred from nl.wikipedia to 
Commons., Public Domain, https://commons.wikimedia.org/w/index.php?curid=2098168
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Image: Hoegh-Guldberg, O., Poloczanska, E., Skirving, W., & Dove, S. (2017). Coral Reef Ecosystems under 
Climate Change and Ocean Acidification. Frontiers In Marine Science, 4. doi: 10.3389/fmars.2017.00158 open 
access CC 4.0 BY 

Atmospheric CO2 and Ocean Acidification

From - T096 Water 
quality on reefs

Ocean acidification causes 
significant water quality stress on 
coral reef ecosystems. 
Much of the additional carbon 
dioxide added to the atmosphere 
by fossil fuel burning, land use and 
industrial activities eventually 
dissolves in the ocean. 

This causes a gradual acidification 
that reduces the ability of corals 
and other calcifying organisms to 
produce their calcium carbonate 
skeletons.
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Calcification
• Calcification refers to the process by which 

calcifying marine organisms use dissolved ions to 
construct calcium carbonate (CaCO3) shells and 
skeletons. 

• Calcification involves the precipitation of 
dissolved ions into solid CaCO3 structures, such 
as coccoliths.

• Coccoliths are individual plates of CaCO3 formed 
by coccolithophores (single celled algae).

• After they are formed, such structures are 
vulnerable to dissolution unless the surrounding 
seawater contains saturating concentrations of 
carbonate ions (CO3

2−).

By Alison R. Taylor (University of North Carolina Wilmington Microscopy 
Facility) - PLoS Biology, June 2011, Cover ([1]), CC BY 2.5, 
https://commons.wikimedia.org/w/index.php?curid=15662212
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Building a shell

To make calcium carbonate shells and skeletons, 
marine animals such as corals and oysters combine a 
calcium ion (Ca2+) with carbonate (CO3

-2) from 
surrounding seawater, releasing carbon dioxide and 
water in the process.

Copyright Bob Moffatt.  May be used under Creative Commons CC 
4.0 BY-NC-SA 
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• The building of skeletons and shells in marine 
creatures is particularly sensitive to acidity though. 

• This is because one of the molecules that 
hydrogen ions bond with is carbonate (CO3-2), 
which is a key component of calcium carbonate 
(CaCO3) shells. 

• This important structural material can dissolve 
under conditions of ocean acidification, 
determined by the 'saturation state' (Ω) of 
seawater.
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Saturation state of seawater 
• Calcium carbonate can be precipitated into two main forms:

• Calcite

• Aragonite

• The saturation state of seawater for a mineral is known by the symbol  Ω, and is a measure of 
the thermodynamic potential for the mineral to form or dissolve.

• For calcium carbonate it is described by the following equation:

Ω = [Ca2+] * [CO32-]/Ksp
• Ω = the product of the concentrations of the reacting ions that form the mineral (Ca2+ and 

CO3
2-), divided by the product of the concentrations of those ions when the mineral is at 

equilibrium (Ksp) that is, when the mineral is neither forming nor dissolving.
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Aragonite saturation state of 
seawater

Aragonite saturation state is commonly 
used to track ocean acidification 
because it is a measure of carbonate 
ion concentration.

Aragonite is one of the more soluble 
forms of calcium carbonate and is 
widely used by marine calcifiers
(organisms with calcium carbonate 
structures). 

By Didier Descouens - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=10799189

https://en.wikipedia.org/wiki/Aragonite
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Copyright Adam Richmond.  May be used under Creative Commons CC 4.0 BY-NC-SA 

From T079 Coral 
limestone skeleton
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Aragonite saturation state (Ω) as a function of pCO2 and temperature. The trajectories of Ω are overlaid 
between present-day pCO 2 (400 ppm) and IPCC RCP 8.5-year 2100 pCO2 (∼950 ppm) for four 
temperatures, spanning tropical to polar regions.

M Hall-Spencer, Jason & Harvey, Ben. (2019). Ocean acidification impacts on coastal ecosystem 
services due to habitat degradation. Emerging Topics in Life Sciences. 10.1042/ETLS20180117.

Corals and other calcifiers are 
more likely to survive and 
reproduce when the saturation 
state is >3. 

When aragonite saturation state 
falls <3, these organisms become 
stressed

When saturation state is less <1, 
shells and other aragonite 
structures begin to dissolve. 

Page 262



Increasing carbon dioxide and 
saturation state

Increasing CO2 levels and the resulting lower pH of 
seawater decreases the saturation state of CaCO3

This decrease in saturation state is believed to be 
one of the main factors leading to decreased 
calcification in marine organisms.

This is because as the saturation state declines, it is 
harder for marine calcifiers to precipitate the calcium 
carbonate they need to build their skeletons

Photograph Copyright Viewfinder. Reproduced with permission.
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Implications for hard corals

Both deep sea and shallow reef-building corals 
have calcium carbonate skeletons. 

Shallow water corals typically build reefs (using 
aragonite or calcite-based skeletons) and are 
found globally in more tropical environments. 
• They provide habitat to the greatest 

diversity of marine organisms in the world.

As our oceans become more acidic, carbonate 
ions, which are an important part of calcium 
carbonate structures, such as these coral 
skeletons, become relatively less abundant. 

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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Implications for hard corals1

References1

Kleypas, J. A., & Langdon, C. (2006). Coral reefs and changing seawater carbonate chemistry. Coastal and Estuarine Studies: Coral Reefs and Climate Change Science and 
Management, 61, 73-110.  Silverman, J., Lazar, B., Cao, L., Caldeira, K., & Erez, J. (2009). Coral reefs may start dissolving when atmospheric CO2 doubles. Geophysical 
Research Letters, 36(5)

Acidification will 
• Will decrease coral calcification rates up to 56% by the end of the century and may stop to 

calcify and dissolve by 2100.
• Will limit coral growth by corroding pre-existing coral skeletons.
• May also impact corals before they even begin constructing their homes. For example coral 

larvae may have trouble finding a suitable spot to settle to start building their skeleton.
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Implications for coralline algae

https://reefbuilders.com/2017/01/26/coralline-algae-the-best-ways-to-grow-it/

Coralline algae play an important role in the ecology of coral reefs by building calcium carbonate 
skeletons and helping cement coral reefs.

The colors of these algae are most typically pink, or some other shade of red, but some species can 
be purple, yellow, blue, white, or gray-green.

Most coralline algae species build shells from the high-magnesium calcite form of calcium 
carbonate, which is more soluble than the aragonite or calcite forms.
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Implication for molluscs

https://www.pinterest.com.au/pin/820288519602706567/

Molluscs, such as oyster, clams, crabs and scallop, 
provide food for marine life and for people, too. 

Mussels and oysters are expected to grow less shell 
by 25% and 10% respectively by the end of the 
century.

This will effect the food chain.

A weaker shell for these organisms will also increase 
the chance of being crushed or eaten.
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Implications for plankton 

Pteropod - Image credits: Steve Ringman
https://www.noaa.gov/noaa-led-researchers-discover-ocean-
acidity-dissolving-shells-tiny-snails-us-west-coast

By Kils, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=4852729

Plankton are tiny plants (phytoplankton) and animals 
(zooplankton).

Pteropods are tiny sea snails that live as zooplankton 
in the water column.

Despite their small size, they are an important source 
of food for many species, including fish, seals and 
whales.

Pteropods have a very delicate calcium carbonate 
shell that are vulnerable to ocean acidification.

The shells of pteropods are already dissolving in the 
Southern ocean. 

Increase in acidification in the Southern Ocean could 
have a severe impact on the food chain off 
Australia's south coast.
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Dissolving pteropod shells

Pteropod - Image credits: Steve Ringman
https://www.noaa.gov/noaa-led-researchers-discover-ocean-acidity-dissolving-shells-tiny-snails-us-west-coast

Time sequence of shell dissolution of the Antarctic pteropod Limacina helicinain waters 
simulating the saturation state of surface seawater with respect to aragonite that is 
projected for the Southern Ocean by 2100 under the IS92a business-as-usual 
CO2emissions scenario. 
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Implications for 
crustaceans

Crustaceans
Copyright Bob Moffatt et al.  May be used under Creative Commons CC 4.0 BY-NC-SA

Crustaceans include animals as crabs, 
lobsters, crayfish, shrimps, prawns, 
krill, and barnacles.

Ocean acidification can decrease 
growth rates and calcification, 
especially embryonic development, 
and moulting frequency.

The reductions in growth rate are of 
concern, as these changes could affect 
species survival, distribution and 
abundance.
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Mandatory practical

Investigate the effects an altered ocean pH has on 
marine carbonate structures.
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Background

When CO2 dissolves in water, it combines with water 
molecules to form carbonic acid. 

The more CO2 the oceans absorb, the more acidic 
seawater will become. 

Organisms like gastropods, bivalves, corals and some 
plankton have shells or skeletons made of calcium 
carbonate, which is affected by acidity.
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Option 1 - Equipment

• 2 x clean glasses or jars (no lids) – (see optional notes on 
next slide)

• Vinegar
• Sea Water (approx. 1 1/2 teaspoons salt per 1 cup water)
• 2 x similar pieces of seashell, e.g. from a mussel 
• (optional 

• You could have multiple containers with different 
types of shells to investigate whether the type of 
shell affects how fast the shell dissolves).
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Method

1. Take two clean glasses or jam jars (no lids!). Fill one with seawater (this will be your 
control) and one with white vinegar (this will be your treatment). The vinegar is our 
acid. 

2. Weigh each shell before placing them in the jars. Record your results.

3. Put one shell in water and one shell in vinegar.

4. Observe what happens to the one in vinegar – Record your results. 

5. Leave the shells for 24 hours and then compare by weighing shells (you will want to 
check on your seashells periodically and observe/record what is happening). Shells 
can be left longer.

* Although the oceans won’t become as acidic as the vinegar in this experiment, only a 
small change will start to affect delicate organisms.
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Three effects of ocean acidification on mussel shells.

1. Shell growth decreases as atmospheric carbon dioxide increases.  
Ocean acidification will result in smaller shells.

2. Calcite-argonite ratios decrease as atmospheric carbon dioxide 
increases.   Ocean acidification will result in weaker structural decrease 
of shell strength.

3. Argonite levers decrease as atmospheric carbon dioxide increases.  
Ocean acidification will result in increased risk of predation.

Summary
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T130 Weather and climate 
drivers
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Syllabus statement
At the end of this topic you should be able to ... 

Identify 

the factors between the atmosphere and the oceans that drive weather patterns and 
climate (e.g. temperature, wind speed and direction, rainfall, breezes and barometric 
pressure)
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Identify

- distinguish; 
- locate, recognise and name; 
- establish or indicate who or what someone or something is; 
- provide an answer from a number of possibilities; 
- recognise and state a distinguishing factor or feature
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Objectives

1. Given a diagram, identify factors 
between the atmosphere and the oceans 
that drive weather patterns.

2. Be able to explain how changes in 
atmospheric pressure affects primary 
productivity of marine biota
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Atmosphere, ocean and weather

The ocean influences weather and climate by 
storing solar radiation, distributing nutrients, heat 
and moisture around the globe, and driving weather 
systems.
The transportation of heat, water and nutrients in 
the ocean are influenced by many factors such as:

Ekman spiral
Upwelling and downwelling
La Nina and El Niño events
Langmuir circulation
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Revision - Ekman spiral, upwellings and 
downwellings
Currents decrease with depth in a spiral based on surface currents moving at a 45-degree angle 
to the wind direction caused by Coriolis forces and friction.  

The deflection at the surface his called Ekman transport and with depth the Ekman Spiral.

Ekman Spiral
Illustration Bob Moffatt
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Upwelling
Where Ekman transport moves surface waters away from the coast, surface waters are 
replaced by water that wells up from below in the process known as upwelling.

Downwelling
Where Ekman transport moves surface waters toward the coast, the water piles up and 
sinks in the process known as downwelling. 

Ekman transport, upwelling and downwellings
After NASA and American Geography Society, redrawn by  Bob Moffatt Page 283



El Niño-Southern Oscillation (ENSO)

Australia's weather is influenced by many climate 
drivers. El Niño and La Niña have the strongest 
influence on year-to-year climate variability for 
most of the country.

They are part of a natural cycle known as the 
El Niño-Southern Oscillation (ENSO).

The ENSO cycle is a scientific term that 
describes the fluctuations in temperature 
between the ocean and atmosphere in the 
east-central Equatorial Pacific 

https://www.weather.gov/jetstream/enso_patterns
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The ENSO cycle loosely operates over timescales from one to eight years.
La Niña is sometimes referred to as the cold phase of ENSO and El Niño as the warm 
phase of ENSO. 

http://media.bom.gov.au/releases/454/our-weak-and-short-lived-la-nina-comes-to-an-end/
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Normal conditions

Sea surface temperature is normally higher in 
the Western Pacific than the waters off South 
America.
This is due to the trade winds blowing from 
east to west along the equator,
This allows upwelling of cold, nutrient rich 
water from deeper levels off the northwest 
coast of South America.

https://www.weather.gov/jetstream/enso_patterns

Normal weather patterns over the equator
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• These trade winds push water west which concentrates higher in the Western Pacific. 
• The trade winds, in piling up water in the Western Pacific, make a deep warm layer in the 

west that pushes the thermocline down, while it rises in the east.
• The shallow thermocline on the eastern side allows the winds to pull up water from below.

https://www.weather.gov/jetstream/enso_patterns
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La Niña

There are occasions when the trade winds 
are stronger than normal.
This leads to increased upwelling (which 
brings nutrients from deep waters to the 
surface) off South America and therefore 
the lower than normal sea surface 
temperatures.
The prevailing rain pattern also shifts farther 
west than normal. These winds concentrate 
warm surface water in the West Pacific.
This is the cool phase of ENSO called La Niña.

https://www.weather.gov/jetstream/enso_patterns

La Nina weather pattern
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El Niño
The push on the ocean surface from 
time to time falls, and warm water that 
was once driven westward, now runs 
back towards the central Pacific. 
When the air pressure patterns in the 
South Pacific reverse direction the trade 
winds decrease in strength and can 
reverse direction.
The normal flow of water away from 
South America decreases and ocean 
water concentrates off South America. 
This pushes the thermocline deeper and 
decreases upwelling. El nino weather pattern

https://www.weather.gov/jetstream/enso_patterns
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With a deeper thermocline and 
decreased westward transport of 
water, the sea surface temperature 
increases to greater than normal in 
the Eastern Pacific.
This is the warm phase of ENSO, 
called El Niño.
The result is a shift of the prevailing 
rain pattern from the normal 
Western Pacific to the Central 
Pacific. 
Therefore, rainfall is more common 
in the Central Pacific while the 
Western Pacific becomes relatively 
dry.

https://www.weather.gov/jetstream/enso_patterns

El nino weather pattern
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How changes in pCO2 affects primary 
productivity of marine biota

Atmospheric CO2 partial pressure (pCO2) is currently rising at an 
unprecedented rate due to anthropogenic activities.

• This leads to increased CO2 uptake by the oceans and a decrease in 
ocean surface water pH, referred to as ocean acidification (OA).

• At the same time, warming will increase the mean surface 
temperatures.

All of these global changes interact to affect marine primary producers
.
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Reference
https://eesc.columbia.edu/courses/ees/climate/lectures/ocean_co2control.html

What is pO2

Exchange of carbon dioxide between the 
atmosphere and the ocean (see figure opposite).

At a given temperature the exchange of carbon 
dioxide molecules between the atmosphere and 
the ocean reaches equilibrium. 
• This equilibrium is controlled by the partial 

pressure (that pressure caused by the 
molecules of carbon dioxide alone) of carbon 
dioxide in the atmosphere and that at the 
surface of the sea. 

• At these temperatures (all else being equal) the 
number of carbon dioxide molecules that 
escape from the sea surface is balanced by the 
number that enter the sea from the 
atmosphere.

https://eesc.columbia.edu/courses/ees/climate/lectures/ocean_co2control.html
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If the temperature of the ocean were to rise (all else 
staying the same) then the kinetic energy of the 
carbon dioxide molecules in the seawater will rise 
and more carbon dioxide molecules will leave the 
ocean than would enter the ocean. 

• This will continue until the partial pressure of 
carbon dioxide in the atmosphere was increased 
to the point that it balanced that pressure at the 
sea surface.

• If the ocean were to cool then the reverse of the 
above would happen.

• Consequently carbon dioxide is more soluble in 
cold than in warm water

https://eesc.columbia.edu/courses/ees/climate/lectures/ocean_co2control.html
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When the oceans exchange (“breath”) carbon 
dioxide with the atmosphere they take it up 
(“inhale”) in the cold surface waters of high latitudes 
and release (“exhale”) from the warm surface waters 
of low latitudes.

Increasing the carbon dioxide concentration of the 
atmosphere will cause the ocean to take up (inhale) 
more carbon dioxide. 

Because the oceans surface layer mixes slowly with 
the deep ocean (hundreds of years) the increased 
carbon dioxide content of the surface ocean will be 
mixed very slowly into the large carbon reservoir of 
the deep ocean. 

The rate of our adding carbon dioxide to the atmosphere is 
too fast for the deep ocean to be a significant reservoir. 

So the carbon dioxide content of the atmosphere will rise as 
the concentration in the shallow ocean rises.

https://eesc.columbia.edu/courses/ees/climate/lectures/ocean_co2control.html
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Primary producers

• Macroalgae, such as kelp and seagrass, are 
the major biomass producers in coastal 
areas, whereas phytoplankton serve as the 
major primary producers in the open sea.

• Phytoplankton take up inorganic carbon 
(Ci) in the photic zone and fix it into 
organic compounds by the process of 
photosynthesis, thereby providing a 
carbon and energy source for higher 
trophic levels.

https://www.feedipedia.org/node/78

By Prof. Gordon T. Taylor, Stony Brook University - corp2365, NOAA 
Corps Collection, Public Domain, 
https://commons.wikimedia.org/w/index.php?curid=246319
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While increased CO2 availability can 
potentially stimulate photosynthesis and 
growth in some species, stress due to the 
associated pH drop may be deleterious to 
others.

• Some species may not display increased 
growth rates. 

• This may lead to a shift of species 
composition in some areas.

Changes in pCO2 will affect the 
primary productivity of marine 
biota in several ways:

Schematic representation of species composition change due to increases 
in temperature and lower pH.
Horta, et al (2016).
https://dx.doi.org/10.1590/S1679-875920160870064sp2
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Stratification of layers 
and 
decreased nutrients

• Ocean warming induces stratification 
and shoaling of the upper mixed 
layer with less deep water mixing.

• This hinders the upward transport of 
nutrients from deeper layers across 
the thermocline.

• As a result, nutrient supply for 
phytoplankton will be reduced.

https://pubs.rsc.org/en/content/articlehtml/2015/pp/c4pp90035a CC 3.0 BY
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Increased UV 
radiation
Additionally, phytoplankton will become 
trapped in the surface ocean, since they 
cannot actively move downward to 
deeper waters, and will be exposed to 
higher UV radiation.
UV radiation can damage certain 
proteins involved in photosynthesis 
which will lead to decrease rates of 
photosynthesis and 
UV radiation can also causes the 
production of reactive oxygen species 
(ROS) which can damage other proteins 
and cell structures.

https://pubs.rsc.org/en/content/articlehtml/2015/pp/c4pp90035a CC 3.0 BY
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Additional consequences
The combined effects of OA with warming, or 
increased UV exposure, are expected to alter 
marine communities.
This will not only change the ecosystem structure 
but can also alter the basis of the food web 
(primary producers).
Global changes in biodiversity can alter ecosystem 
services and also disturb biogeochemical cycles.
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T131 Impacts of global 
temperature rise
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Syllabus statement
At the end of this topic you should be able to ... 

Understand

that impact on marine environments by altering thermal regimes and changing 
physical and chemical parameters of the ocean (e.g. aragonite saturation levels and 
rising sea levels).
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Understand

• perceive what is meant by something; 
• grasp; 
• be familiar with (e.g. an idea); construct meaning from messages, including 

oral, written and graphic communication
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Objectives
1. Explain how alterations of thermal regimes caused be 

climate change affects the distribution of migratory and 
non-migratory fish populations.

2. Identify how increases in average global temperature will 
cause sea levels to rise.

3. Explain how the trend in pH change affect organisms 
composed of aragonite.
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Temperature in aquatic systems is 
important because it influences many 
factors such as:

dissolved oxygen 
other dissolved gas concentrations 
in the water
water density
salinity

Importance of temperature
Alterations of thermal regimes 

Copyright Bob Moffatt.  May be used under 
Creative Commons CC 4.0 BY-NC-SA 
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Climate change has increased global 
surface temperatures and is predicted to 
continue to do so in the future (IPCC, 
2013).
Increases in air temperatures directly 
affect surface sea water temperatures 
and ocean carbonate chemistry. 

By NASA’s Scientific Visualization Studio, Key and Title by Eric Fisk -
https://svs.gsfc.nasa.gov/cgi-bin/details.cgi?aid=4626, Public Domain, 
https://commons.wikimedia.org/w/index.php?curid=76248349

Climate change
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The increases in temperature can alter 
freshwater and marine ecosystems and 
decrease suitable thermal habitats for many 
aquatic species.

Global temperature rise

By NASA 
Attribution 4.0 
International 
(CC BY 4.0)

This can include:

Fish distribution and migration patterns

Changes in sea level

Changes in pH and aragonite saturation
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Importance of temperature in fish
Fish are unable to regulate their 
body temperature, so they are 
influenced by the temperature 
around them.
Almost every aspect of a fish's life is 
influenced by water temperature.

https://midcurrent.com/science/the-thermal-optimum/

1. Fish distribution and migration patterns

Copyright Midcurrent: See terms: https://midcurrent.com/terms/
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Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA

Many fish try to stay within what is 
called their thermal optimum, 
which varies for different species.

Their ability to stay within this 
range therefore influences 
everything from how and when fish 
feed, to where they stay, when they 
migrate, and when and where they 
spawn.

Thermal optimum
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Thermal optimum
During short term weather changes such as storms, fish may take refuge from 
rough conditions through minor changes in distribution.

For example, some elasmobranchs1 are extremely sensitive to slight temperature 
changes  (0.001 degrees Celsius) and some sharks will even move to deeper water 
before the onset of severe storms.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA

Elasmobranchii1 is a 
subclass of Chondrichthyes
or cartilaginous fish, 
including the sharks and 
the rays, skates, and 
sawfish.
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Changes in distribution range of non-
migratory fish

Larger scale temperature changes in the ocean 
environment will result in changes in the distribution 
range of fish and can affect reproduction and 
recruitment.

As waters become too warm, fish populations will 
shift to where the water temperature is right for 
them. 

These shifts will either be higher in latitude 
(poleward shift), or deeper in depth for marine 
organisms, extending the distribution range of fish 
populations.

Decreases in distribution range can also occur as a 
result of increases in temperature.

https://www.theguardian.com/environment/2015/jan/29/australi
an-fish-moving-south-as-climate-changes-say-researchers
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The poleward shift of many fish species has 
already begun, though at different rates in 
different places.
For example, species such as Mahi Mahi (dolphin 
fish) and cobia, which are normally encountered 
in the warmer waters of Queensland and New 
South Wales, have now been encountered by 
anglers in Victoria.

https://en.wikipedia.org/wiki/Mahi-mahi

By D Ross Robertson - http://newsdesk.si.edu/photos/cobia, Public Domain, 
https://commons.wikimedia.org/w/index.php?curid=52899730
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Extending the range of fish 
species further south
Pelagic fishes, in particular, respond to changes in 
ocean temperature, and therefore modify their 
distribution range.
• In a study conducted by Hobday (2009), 

researchers described the preferred water 
temperature for a suite of large pelagic fishes 
(tuna, billfish, sharks) in the waters off south-
eastern and south-western Australia.

• The study predicted that by 2100 the suitable 
habitat of these large pelagic fish would move 
further south by an average of 4 degrees (~ 450 
km) on the east coast and 3.5 degrees (~ 390 km) 
on the west coast due to increases in 
temperature. 

https://www.afma.gov.au/sites/default/files/uploads/2014/02/Pelagic-fishes-
and-sharks-2009-PDF-223-KB.pdf
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Decreased distribution range 

Decreases in distribution range of fish 
populations can also occur.

• Temperature exerts a major influence 
on metabolic processes and, increasing 
temperatures may directly change 
growth, reproduction and development 
of fishes. 
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Higher temperatures can cause accelerated 
development, with faster larval development and 
shorter larval duration.

Since fish are poikilothermic (coldblooded), their 
metabolic rate and food needs increase with higher 
water temperatures. 

If adequate food is not available, fish will lose weight 
and starve.

• This can cause premature mortality of adults, 
larvae or eggs and therefore decrease the 
distribution of fish populations.

Copyright Tim Ryan. Reproduced with permission.
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Distribution of migratory fish

• Temperature is an essential trigger of 
phenological events such as migration.

• Salmonids are migratory keystone 
species and are an ideal model to 
understand the impacts of climate 
change on migratory fish.

• Salmonids move between habitats as 
juveniles in search of rich feeding 
grounds and again as adults when 
homing upriver to their natal spawning 
grounds

https://tasfish.com/articles/183-salt-water-fishing/australian-
salmon/2284-australian-salmon-a-travelling-life

Migration of Eastern Australian Salmon
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As water temperatures increase, a number of negative effects on salmon arise.

Increases in temperature is predicted to increase migration distances for many 
migratory species.

• These greater distances will result in an increased number of stops which will 
substantially increase overall journey times.

• This becomes problematic because adult salmonids cease feeding upon 
starting their spawning migration and their journey upriver is therefore 
entirely fuelled by endogenous energy reserves.

Copyright Bob Moffatt.  May be used 
under Creative Commons CC 4.0 BY-NC-SA
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Low energy reserves at the onset of migration are 
likely to have significant negative effects on 
reproduction, survival and fitness by causing physical 
stressful migrations, increased susceptibility and 
exposure to disease and disruptions to breeding 
efforts.

This will also lead to many species failing to complete 
large-scale migrations which will then lead to 
population collapse.

By Unknown - [1], Public Domain, 
https://commons.wikimedia.org/w/ind
ex.php?curid=17847705
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In addition, higher temperatures will 
cause salmonids to produce less viable 
gametes, which themselves are 
affected by water temperature after 
release.

Since the developmental rate of 
salmon is directly related to water 
temperature, it is possible that 
increasing temperatures could cause 
the more rapidly developing juveniles 
to enter the ocean before their food 
source has reached sufficient levels.

Areas of warmer freshwater can also 
present a thermal barrier to migrating 
salmon that requires additional energy 
to navigate around which can also 
prevent spawning.

By E. Peter Steenstra/U. S. Fish and Wildlife Service - Northeast Region - Flickr, Public Domain, 
https://commons.wikimedia.org/w/index.php?curid=20233561
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Migration success

Changes in river temperature and 
migration success of Weaver Creek 
sockeye salmon, Oncorhynchus nerka, 
migrating through Harrison River, CA, 
in 2004.

The lines and triangles indicate 
survival rates (%) and the continuous 
line and circles indicate water 
temperature (degrees Celsius).

Salmon were fitted with radio 
transmitters and the number of 
tagged and released fish is shown in 
parentheses for each of five tagging 
dates (indicated by triangles)

Fenkes, M., Shiels, H. A., Fitzpatrick, J. L., & Nudds, R. L. (2016). The potential impacts of 
migratory difficulty, including warmer waters and altered flow conditions, on the reproductive 
success of salmonid fishes. Comparative biochemistry and physiology. Part A, Molecular & 
integrative physiology, 193, 11–21. doi:10.1016/j.cbpa.2015.11.012
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2. Rising sea levels

Global sea level rise has been rising over the 
past century, and the rate has increased in 
recent decades.

Sea level will continue to rise at a rate of 
about one-eighth of an inch per year due to 
climate change.

These higher sea levels mean that deadly and 
destructive storm surges push farther inland 
than they once did, which also means more 
frequent flooding and displacement of people 
and their homes.

By Vkap at English Wikipedia, CC BY 3.0, 
https://commons.wikimedia.org/w/index.php?curid=16483872By Vkap at 
English Wikipedia, CC BY 3.0, 
https://commons.wikimedia.org/w/index.php?curid=16483872
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The graph below tracks the change in global sea level since 1993 as observed by 
satellites.

https://climate.nasa.gov/vital-signs/sea-level/
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Data source: Coastal tide gauge records.
Credit: CSIRO

The graph below has been derived from coastal tide gauge data and shows how much sea 
level changed from about 1870 to 2000.

https://climate.nasa.gov/vital-signs/sea-level/
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Sea-level change around Australia by 2090 (2081-2100) compared to 1986-2005 for the four 
concentration scenarios (RCPs). Source: © CSIRO and Bureau of Meteorology 2015 (Figure 8.1.6).

The graph shows projections of 
sea-level rise for Australia.

The rate of rise during the 
21st century will be greater than 
over the past four decades for 
all concentration scenarios. 

As shown in Figure 3, the 
projected amount of regional 
sea-level rise is largest for 
RCP8.5 and smallest for RCP2.6 
(the lowest concentration 
scenario).

From T099
RCP – Representative 
Concentration Pathway:
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https://www.hayward-ca.gov/your-environment/green-your-community/sea-level-rise

Causes of global sea level rise
Two major causes of global sea level rise are

• Thermal expansion
• Loss of glaciers 
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Thermal expansion

As the oceans warm due to an increasing global temperature, seawater expands—taking up 
more space in the ocean basin and causing a rise in water level. 

https://www.hayward-ca.gov/your-environment/green-your-community/sea-level-rise

http://www.bitsofscience.org/sea-level-rise-thermal-expansion-7256/
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Loss of glaciers

Melting ice sheets in Greenland and 
the Antarctic as well as ice melt 
from glaciers all over the world are 
causing sea levels to rise.
This melting of ice over land adds 
water to the ocean.
The largest contributors 

are glaciers in Alaska, followed by 
the melting ice fields in Patagonia 
and glaciers in the Arctic regions.

By I, Luca Galuzzi, CC BY-SA 2.5, https://commons.wikimedia.org/w/index.php?curid=1810877
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Credit: EPA
https://www.thesun.co.uk/tech/9710994/iceland-glacier-okjokull-melted-arctic-heatwave/

US satellite images show the disappearance of the famous Okjökull (OK) glacier in 
Iceland once measuring 16 km2.
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3. Changes in pH and aragonite saturation levels 
You should remember from T079 lesson:

• Calcium carbonate formation in the ocean is controlled by the amount of available carbonate 
ions and is effected by pH levels.

• Calcium carbonate can be precipitated into two main forms:
• Calcite
• Aragonite

• Aragonite is one of the more soluble forms of calcium carbonate and is widely used by 
marine calcifiers (organisms with calcium carbonate structures). 

• The saturation state of seawater for aragonite is known by the symbol  Ω, and is a measure of 
the thermodynamic potential for the mineral to form or dissolve.

Page 330



As pH decreases and temperature 
increases in the ocean, the carbonate 
saturation state also decreases, 
meaning there is less carbonate 
available for organisms to make their 
shells and skeletons.
For organisms composed of aragonite, 
the low aragonite saturation levels 
will lead to a dissolution of skeletons 
and shells due to extremely low 
aragonite saturation (less than 1).

Aragonite saturation state (Ω) as a function of pCO2 and temperature. The trajectories of Ω are 
overlaid between present-day pCO 2 (400 ppm) and IPCC RCP 8.5-year 2100 pCO2 (∼950 ppm) 
for four temperatures, spanning tropical to polar regions.

M Hall-Spencer, Jason & Harvey, Ben. (2019). Ocean acidification impacts on coastal ecosystem 
services due to habitat degradation. Emerging Topics in Life Sciences. 10.1042/ETLS20180117.
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From:
Gattuso, Jean-Pierre & Allemand, Denis & FRANKIGNOULLE, MICHEL. (1999). Photosynthesis and Calcification at Cellular, Organismal and Community Levels in Coral Reefs: A 
Review on Interactions and Control by Carbonate Chemistry. American Zoologist. 39. 10.1093/icb/39.1.160.
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Dissolving Pteropod shells

Orr et al., 2005, doi: 10.1038/nature04095 Photo credit: David Liittschwager/National Geographic Stock.  Source https://www.pmel.noaa.gov/co2/files/pteropodpics.jpg

The photos below show a time sequence of shell dissolution of the Antarctic pteropod Limacina
helicinain waters simulating the saturation state of surface seawater with respect to aragonite that 
is projected for the Southern Ocean by 2100 under the IS92a business-as-usual CO2emissions 
scenario. 
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Summary
1. Sea level rise

• Global temperature rise will affect the thermal regimes of both non-
migratory and migratory fish species. 

• Distribution range of non-migratory species can and has already begun to  
extend poleward for some fish species.

• Distribution range can also decrease due to premature death of adults, 
larvae or eggs.

• Thermally challenged migratory species, such as salmon, may fail to 
complete migrations leading to a population collapse.

2. Alterations in thermal regimes  and fish migration
• Thermal expansion and loss of glaciers are the two factors causing sea level 

to rise

3. Projected changes in surface ocean carbonate chemistry
• As pH decreases in the ocean, aragonite saturation decreases causing shell 

dissolution 
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Syllabus statement
At the end of this topic you should be able to ... 

Understand

that the term fishery has a variety of meanings and that there are three main types 
(i.e. artisanal, recreational and commercial)

Page 339



Understand

• perceive what is meant by something; 
• grasp; 
• be familiar with (e.g. an idea); 
• construct meaning from messages, including oral, written and graphic 

communication
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Definitions

Artisanal fishing (or traditional/subsistence fishing) are various small-
scale, low-technology, low-capital, fishing practices undertaken by 
individual fishing households (as opposed to commercial companies)

Recreational fishing, also 
called sport fishing, is fishing 
for pleasure or competition. 

Commercial fishing is the activity of 
catching fish and other seafood for 
commercial profit, mostly from wild 
fisheries. 
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Objectives
1. Design a table that shows the difference between artisanal, recreational and 

commercial fishing, giving a definition, and example and one reason for the 
difference.    

• Use coral trout, mullet and orange roughy fishers to distinguish 
between the three.

2. Using a web site, eg; AFMA, draw up a table to show the difference in 
classification between three fisheries types based on location and target 
species summarising the fishing methods of each.

• Use prawn, squid and tuna to describe the fishing methods.
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Example 1 
Design a table that shows the difference between artisanal, recreational and commercial fishing, 
giving a definition, an example and one reason for the difference. 
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Commercial fishing classification

Using a web site, eg; AFMA, draw up a table to show the difference between two fisheries 
types based on location and target species summarising the fishing methods of each.

1 Names from https://www.afma.gov.au/fisheries-management
Extracted 8 June 2019
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Artisanal fishing (or traditional/subsistence fishing) are various 
small-scale, low-technology, low-capital, fishing practices 
undertaken by individual fishing households (as opposed to 
commercial companies).

Stilts fishermen, Sri Lanka
By Bernard Gagnon - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=3770340

Artisanal fishing 
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Traditional fish traps
Hà Tây, Vietnam.By Petr Ruzicka from Prague, CZ - lovci, CC BY 2.0, https://commons.wikimedia.org/w/index.php?curid=3103711
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Copyright Bob Moffatt.  May be used under Creative 
Commons CC 4.0 BY-NC-SA

In Australia, commercial fishing licences are issued to small family operators.  These 
fishers are using a beach seine to catch fish as they migrate along the coastline.
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Reference
https://dpipwe.tas.gov.au/Documents/Gearsheet_BeachSeineNet.pdf

Beach seine design 
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Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA

Beach seine
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Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA

Beach seine operations.
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Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA

Mullet and bream are often caught in seine nets.
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Mullet
By Roberto Pillon - http://www.fishbase.de/Photos/ThumbnailsSummary.php?
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Mullet fillets

Most fishers would say that sea 
mullet rate as fair to good table 
fish with their oily, somewhat 
fatty flesh being well suited to 
smoking. 

Their fillets are usually 
inexpensive.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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Yellow fin bream
Fisheries Qld

Bream are also caught in seine nets.
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https://scalesseafood.com.au/fish-shop/cooked/local-bream/

They make a good source for fish and chips.
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Copyright Viewfinder, Bob Moffatt, The Fish Shop Caloundra.  Reproduced with permission. Page 357



Recreational fishing, also called sport fishing, is fishing for pleasure or competition. 

Copyright Bob Moffatt.  May be used under Creative 
Commons CC 4.0 BY-NC-SA

Recreational fishing
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The most common form of recreational fishing is 
done with a rod, reel, line, hooks and any one of a 
wide range of baits. 

Copyright Simone Baker .  May be used under Creative 
Commons CC 4.0 BY-NC-SA

Copyright Bob Moffatt.  May be used under Creative 
Commons CC 4.0 BY-NC-SA
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Terminal tackle is used in a variety 
of combinations to catch fish. 

Some examples of terminal tackle 
include weights, floats, and swivels.

Copyright Bob Moffatt.  May be used under Creative 
Commons CC 4.0 BY-NC-SA
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Lures are frequently used in place of bait. 

Some hobbyists make handmade tackle themselves, including plastic lures 
and artificial flies.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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Copyright Bob Moffatt, Dave Oelrichs, Daryl Pierce.  May be used under Creative Commons CC 4.0 BY-NC-SA

Fishing is an excellent recreational activity.
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Can you name the 
fish caught in this 
photo?

Copyright Jim Neale.  May be used under Creative Commons CC 4.0 BY-NC-SA
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Commercial fishing
Commercial fishing is the activity of catching fish and other seafood for commercial profit, 
mostly from wild fisheries. 

It provides a large quantity of food to many countries around the Earth, but those who practice it 
as an industry must often pursue fish far into the ocean under adverse conditions. 

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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An example of a commercially caught fish is the Orange roughy.

Management is by 
AFMA (The 
Australian Fisheries 
Management 
Authority)

Copyright  AFMA, Reproduced with permission https://www.afma.gov.au/
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Bottom trawling is the main method used to catch orange roughy.

Copyright  AFMA, Reproduced with permission https://www.afma.gov.au/ Page 366



You can read more at

Targeted fishing for orange roughy is a 
selective fishing method which means 
bycatch of other species is low but some 
deepwater sharks and other species may be 
caught. 

Bycatch of other commercial fish species 
must be covered by fishing quota.

https://www.afma.gov.au/fisheries-management/species/orange-roughy
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Orange Roughy is a bright reddish fish.  

Public Domain, https://commons.wikimedia.org/w/index.php?curid=68485
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https://www.manettas.com.au/product/orange-roughy-fillet-sydney/

Flesh is firm with a medium to high fat content. 

Fillets are pearly white and when cooked are delicate to mild in taste. 
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Best baked or steamed, fillet is cooked when flesh is opaque and easily flaked 
with a fork. The fillet has a shellfish-like flavour. 

https://www.sealord.com/au/recipes/all-recipes/orange-roughy-fillets-with-orange-and-fennel/
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Summary
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Commercial fishing classification
Two examples to show that the term classification of a fishery can have a variety of 
meanings are location and target species (shown in the table below).   

There are many other examples at

https://www.afma.gov.au/fisheries-management

1 Names from https://www.afma.gov.au/fisheries-management
Extracted 8 June 2019
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The Northern Prawn Fishery is located off Australia’s northern coast from Cape York 
in Queensland to Cape Londonderry in Western Australia.

Classification by location
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Markets supplied

Prawns are frozen fresh on-board and sold 
in Australian markets and export markets 
including Japan and China.

Fishing season

Season 1 (mainly banana prawns caught): 
1 April – 15 June (season end date depends 
on catch rates)

Season 2 (mainly tiger prawns caught): 
1 August – end of November (season end 
date depends on catch rates).

Copyright  Woolworths, reproduced with permission.  www,woolworths.com.au
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In south east 
Queensland, prawns are 
often sold direct to the 
public.

Copyright Bob Moffatt.  May be used under 
Creative Commons CC 4.0 BY-NC-SA 
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These prawns come from the east coast otter trawl 
fishery managed by the Queensland Government.

Images copyright Department of Agriculture and fisheries.  Reproduced with permission.
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Copyright Bob Moffatt.  May be used under Creative Commons 
CC 4.0 BY-NC-SA

Prawns are caught by 
trawling using a net.

Prawns
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https://www.youtube.com/watch?v=LdVA9-2wWIM

Watch the video

Raptis - An Australian 
Fishing Company 2014

A commercial 
fishing company
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Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA Page 379



Copyright  AFMA, Reproduced with permission https://www.afma.gov.au/
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Copyright Qld Fisheries.  Reproduced with permission.

Trawling also captures a variety of other 
seafood, called by-catch.

It is the types of sea life found in the 
bycatch, that often makes trawling 
controversial.

Fisheries managers continually seek to 
reduce the impact of trawling on the 
environment.
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Turtle exclusion net and model  (TED) 
Model by John Armstrong, photos Bob Moffatt. Copyright.  May be used under Creative Commons CC 4.0 BY-NC-SA
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Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA Page 383



The effort required can be large, as fishers spend many days at sea, in a 
variety of situations involving many long hours.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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1 Baker, Bill; Peggy Bendel. "Come and Say G'Day!". Travel Marketing Decisions. The Association of Travel Marketing Executives (Summer 2005). Archived from the 
original on 2007-11-04. Retrieved 2007-12-21.

Prawns are also called Scrimp and are used worldwide to promote Australian seafood 1

By Source, Fair use, 
https://en.wikipedia.org/w/index.php?curid=19079987Screenshot from the 
advertisementhttps://en.wikipedia.org/wiki/Shrimp_on_the_barbie
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Classification by target species - squid
The Southern Squid Jig Fishery is a low impact, single method, single species fishery that 
covers almost half of the Australian Fishing Zone.

Copyright  AFMA, Reproduced with permission https://www.afma.gov.au/ Page 386



https://www.afma.gov.au/fisheries-management/species/goulds-squid

The Southern Squid Jig Fishery is a low impact, single method, single species fishery that covers 
almost half of the Australian Fishing Zone. AFMA manages squid boats by limiting effort, restricting 
how many boats can fish in the area of the fishery and regulating what gear they can use.
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Copyright Bob Moffatt.  May be used under Creative 
Commons CC 4.0 BY-NC-SA

Squid jigging vessels have overhead lights which illuminate the water and attract 
squid, which then gather in the shaded area under the boat.
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The squid are caught using barbless lures on monofilament fishing lines which are jigged up and 
down in the water by machines. The jigs used are cylindrically in shape, and spaced 
approximately 1 metre apart. Instead of normal fishing hooks, each jig contains multiple tiers of 
closely spaced spikes, which face towards the top of the jig. When squid try to attack the jig, 
they become tangled around the vertically facing spikes.

Copyright  AFMA, Reproduced with permission https://www.afma.gov.au/
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Each jigging machine has a roller which extends out from the side of the boat, allowing the line to 
be lowered into the water column away from the edge of the boat, and be jigged up and down 
without causing abrasion to the line. 

Copyright  AFMA, Reproduced with permission https://www.afma.gov.au/

Barbless lures are used 
so that as lures are 
recovered over the end 
rollers, squid fall off into 
the boat. 

This assists in reducing 
the handling time 
required to individually 
remove squid from the 
lures.
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Squid

Squid as food
By Flickr.com user "deramaenrama" - https://www.flickr.com/photos/deramaenrama/300014351, CC BY 2.0, 
https://commons.wikimedia.org/w/index.php?curid=1383456

Squids have a light, subtle 
taste and are firm yet tender.

Squid is popularly served as 
deep fried rings (often called 
“calamari”)1.

Reference1

https://www.afma.gov.au/fisheries-
management/species/goulds-squid
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The main species fished with purse seine gear are southern bluefin tuna, Australian 
sardine, blue mackerel and jack mackerel.

Southern blue finned tuna
Public Domain
https://commons.wikimedia.org/w/index.php?curid=174287

Tuna

Sales seafoods
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https://www.afma.gov.au/portfolio-item/jack-mackerel


Source
https://www.afma.gov.au/fisheries-management/species/southern-bluefin-tuna
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https://www.afma.gov.au/fisheries-management/species/southern-bluefin-tuna
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Tuna farm leases Port Lincon.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA Copyright 2019 Data SIO, NOAA, US Navy, NGA, GEBCO, Landsdat/Copernicus, Map Data C 
2019
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In Australia, commercial fishers mainly use purse seine nets to catch southern bluefin tuna. After 
being caught, these fish are towed closer inshore and transferred to permanent floating farms 
(pontoons – see below). 

Reference
https://www.afma.gov.au/fisheries-management

Copyright Bob Moffatt.  May be 
used under Creative Commons CC 
4.0 BY-NC-SA
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Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA

They stay in these farms for several 
months, where they grow 
bigger before being harvested and 
sold frozen, mainly to Japanese 
markets.
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Photograph Ian Gordon.  © Primary Industries and Regions South Australia (PIRSA) 2017.  Reproduced with permission. Page 398



Southern bluefin tuna is a gourmet food, which is in demand for use in sashimi and sushi. 

It is regarded by both Japanese and Western chefs as the best raw fish to eat in the world.

Frozen tuna at the Tsukiji fish market.
By Chris 73 / Wikimedia Commons, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=26170
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Typical home delivery 
Sushi platter.

Can you see the tuna?
What else can you see?

By chidorian from Japan - Flickr, CC BY-SA 2.0, 
https://commons.wikimedia.org/w/index.php?curid=17

53815
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Activity
Go to a fish shop and learn what types of seafood are 
processed and how they are caught.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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Find out how fish are filleted and prepared for sale.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA

Page 402



Food for thought

Killing food to eat

Compare your attitudes on killing 

• algae, scallops, prawns, fish and sharks  

To killing

• brocholi, bannanas, chickens and cows?
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Worksheet 
132

Gone Fish’n
by 

Gail Riches

www.marineeducation.com.au
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T133 Wild catch significance

Gail Riches
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Syllabus statement
At the end of this topic you should be able to ... 

Understand

the significance of wild caught fish as the major source of protein globally
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Understand

• perceive what is meant by something; 
• grasp; be familiar with (e.g. an idea); 
• construct meaning from messages, including oral, written and graphic 

communication
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“Fish proteins are essential in the diet of some 
densely populated countries where the total protein 
intake level is low, and are very important in the diets 
of many other countries. ”

“Worldwide, about a billion people rely on fish as 
their main source of animal proteins.”

Reference
https://www.who.int/nutrition/topics/3_foodconsu
mption/en/index5.html

https://www.who.int/nutrition/publications/foodsec
urity/state-food-security-nutrition-2018-en.pdf

https://www.who.int/nutrition/publications/foodsecurity/sta
te-food-security-nutrition-2018-en.pdf CC BY SA NC

Page 408

https://www.who.int/nutrition/publications/foodsecurity/state-food-security-nutrition-2018-en.pdf


Objectives

• Understand the relationship between fish and the different 
cultures and countries from around the world

• Understand that while wild caught fish provide a significant 
percentage of animal protein globally, this percentage can be 
higher in communities by the sea (syllabus). 

• List the health benefits of fish

• Understand that fish is rich in protein

• Recall the daily recommended dietary intake of protein per day

• Understand trends in fish production data from around the world
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Watch the video
https://www.youtube.com/watch?v=WXZ7XkOj_rw

https://www.youtube.com/watch?v=WXZ7XkOj_rw
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Fish as a major source of food
Countries such as the Maldives, Sierra Leone, Indonesia, Japan
and Australia consume fish in the animal-based part of their diet.

Image: World Map. Accessed 31.07.2019 from: https://en.wikipedia.org/wiki/World_map
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Image: Planet Dens (2014). Where everything is Fishy: Male Fish Market, Maldives. Accessed 
31.07.2019 from: http://planetdens.com/food/everything-fishy-male-fish-market-maldives/

Maldives
Fish comprised 76.1% of the animal-based part 

of their diet in 2009
Allison, E. H. (2011). Aquaculture, Fisheries, Poverty and Food Security. The WorldFish Centre. Penang. Malaysia. 
Page 19. 

Image: Maldives Capital Photo By: Ibrahim Asad [CC BY 3.0 
(https://creativecommons.org/licenses/by/3.0)] Accessed 31.07.2019 from: 
http://www.budgetmaldives.com/maldives-capital/ 

Image: Planet Dens (2014). Where everything is Fishy: Male Fish Market, Maldives. Accessed 
31.07.2019 from: http://planetdens.com/food/everything-fishy-male-fish-market-maldives/

Image: World Map. Accessed 31.07.2019 from: https://en.wikipedia.org/wiki/World_map

Maldives
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Sierra Leone
Fish comprised 75.7% of the animal-based part of 

their diet in 2009
Allison, E. H. (2011). Aquaculture, Fisheries, Poverty and Food Security. The WorldFish Centre. Penang. Malaysia. Page 
19. 

Image: Abdul Rashid Thomas (2016). Sierra Leone is losing over one hundred million dollars from its fishing industry. 
Sierra Leone News. Accessed 31.07.2019 from: https://www.thesierraleonetelegraph.com/sierra-leone-is-losing-over-
one-hundred-million-dollars-from-its-fishing-industry/

Image: Harisine, K. and Anthony, C. (2019). Sierra Leone’s one month fishing ban achieves little. DW. 
Accessed 31.07.2019 from: https://www.dw.com/en/sierra-leones-one-month-fishing-ban-
achieves-little/a-48531485-0

Image: World Map. Accessed 31.07.2019 from: https://en.wikipedia.org/wiki/World_map

Sierra Leone

Image: Abdul Rashid Thomas (2016). Sierra Leone is losing over one hundred million dollars 
from its fishing industry. Sierra Leone News. Accessed 31.07.2019 from: 
https://www.thesierraleonetelegraph.com/sierra-leone-is-losing-over-one-hundred-million-
dollars-from-its-fishing-industry/
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Image: Indonesia Tuna Factory (2017). The Unique Side of Traditional Indonesia Tuna Fishing. Accessed 

31.07.2019 from: https://www.indonesiatunafactory.com/unique-side-traditional-indonesia-tuna-

fishing/  

Indonesia
Fish comprised 52.7% of the animal-based 

part of their diet in 2009
Allison, E. H. (2011). Aquaculture, Fisheries, Poverty and Food Security. The 

WorldFish Centre. Penang. Malaysia. Page 19. 

Image: The Nature Conservancy (n.d.). Fish for sale lie on the floor of the Brondong Fish market in Brondong, 

Lamongan, East Java, Indonesia. © Ed Wray. Accessed 31.07.2019 from: https://www.nature.org/en-us/about-

us/where-we-work/asia-pacific/indonesia/stories-in-indonesia/indonesia-fisheries/

Image: © Jürgen Freund / WWF-Canon In: World Wildlife Fund (2012). An Opportunity for Growth 

and Prosperity in Indonesia’s Waters. Accessed 31.07.2019 from: 

https://www.worldwildlife.org/stories/an-opportunity-for-growth-and-prosperity-in-indonesia-s-

waters

Image: World Map. Accessed 31.07.2019 from: https://en.wikipedia.org/wiki/World_map

Indonesia
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Image: Lane, H. (2018). Japan to Close Historic Tsukiji Fish Market. On the Go Tours. Accessed 

31.07.2019 from: https://www.onthegotours.com/blog/2018/10/japan-to-close-historic-tsukiji-fish-

market/

Japan
Fish comprised 43.3% of the animal-based 

part of their diet in 2009
Allison, E. H. (2011). Aquaculture, Fisheries, Poverty and Food Security. The WorldFish Centre. Penang. 

Malaysia. Page 19. 

Image: Sushi chain boss Kiyoshi Kimura poses with his purchase. (AP: Eugene Hoshiko) In: ABC (2017). 

Japanese tuna sells for more than $860,000 at Tokyo auction. Accessed 31.07.2019 from: 

https://www.abc.net.au/news/2017-01-05/tuna-sells-for-more-than-$860,000-at-tokyo-auction/8163972

Image: Jiji (2018). Japan fails to win approval to increase tuna catch quotas. The Japan Times. 

Accessed 31.07.2019 from: https://www.japantimes.co.jp/news/2018/09/08/national/politics-

diplomacy/japan-fails-win-approval-increase-tuna-catch-quotas/#.XUDZg-gzZPY

Image: World Map. Accessed 31.07.2019 from: https://en.wikipedia.org/wiki/World_map

Japan
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Image: © Gail Riches (2019). Trawlers of Mooloolaba docked during Cyclone Owen warning.

Australia
Fish comprised <10% of the animal-based 

part of our diet in 2009
Allison, E. H. (2011). Aquaculture, Fisheries, Poverty and Food Security. The WorldFish Centre. 
Penang. Malaysia. Page 19. 

Image: DJ’s Seafood Export Contractors (2018). Prawn Grading Information. Accessed 31.07.2019 from: 
http://www.australianseafoodexports.com/prawngrading.html

Image: Wikapedia (2019). Fish and Chips. Accessed 31.07.2019 from: 
https://en.wikipedia.org/wiki/Fish_and_chips 

Image: World Map. Accessed 31.07.2019 from: https://en.wikipedia.org/wiki/World_map

Australia
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Fish as a major source of protein
Choose which country listed below consumed the largest percentage of 
fish in the animal-based part of their diet in 2009.

• Maldives

• Sierra Leone

• Indonesia

• Japan

• Australia

The answer is the Maldives.  But why?
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Food and Agriculture Organization

Maldives Country Programming Framework

http://www.fao.org/3/a-bp579e.pdf

The Food and Agriculture Organization of the United 

Nations (FAO) has been working closely with the 

Government of Maldives (GoM) and other development 

partners for over three decades in supporting the GoM

in its efforts to develop the fisheries and agriculture 

sectors.  

Both these sectors are vital to Maldives’ food security 

and rural development goals, notably improvements in 

the livelihood of fishermen and farmers. Both the FAO 

and GoM share a common vision that both these 

sectors must be developed in an economically, socially 

and environmentally sustainable manner. 

Fisheries in the Maldives

http://www.fao.org/3/a-bp579e.pdf
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This report shows the Maldives rely on fish as a means of food security because 
they cannot grow wheat, rice, fruits or vegetables and there is not as much land as 
there is in Australia for farm animals.

http://www.fao.org/3/a-bp579e.pdf
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For a small country such as the 
Maldives, what is the significance of 
wild caught fish as the major source 
of protein?

Answer

a. There is not enough land to 
grow crops and raise stock.

b. All these food items have to be 
imported.

By OCHA, CC BY 3.0, 
https://commons.wikimedia.org/w/index.php?curid=32649297
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Food for thought

Why not volunteer to be an aid 
volunteer? 
Travel?
Use your knowledge from Australia 
to help others in the world?

The Maldives has great surf!

https://dfat.gov.au
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Question
Are countries that rely on fish as a major source of protein 
the same countries that consume the most fish?

• Yes
• No 
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Countries that rely on fish as a major source of protein are in dark green

Image: Consumption of proteins from fish in % of total consumption of animal proteins. Image © Cartographer: Philippe Rekacewicz, February 2006. Source: www.grida.no/resources/5620 Page 423



Countries that consume the most fish are in black

Image: Fish protein intake in kilograms per year (average 2001-2003). Image © Cartographer: Philippe Rekacewicz, February 2006. Source: www.grida.no/resources/5637
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So, it appears the countries that rely on fish as a major 
source of protein are not always the same countries 
that consume the most fish. WHY?

Could it be that fish is seen as nature’s superfood?

Could it be an economic factor?
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Image: Ritchie, H., and Roser, M. (2017). Global seafood production by type. Our World In Data. Accessed 31.07.2019 from: https://ourworldindata.org/meat-and-seafood-production-consumption
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Photograph: Adapted from: FAO (2019). Blue Growth blog: Notes from Kenya: Eat fish for a better life. 
Accessed 31.07.2019 from: http://www.fao.org/blogs/blue-growth-blog/notes-from-kenya-eat-fish-for-a-
better-life/en/ 

Vitamin A

Omega-3 
fatty acids Vitamin D

Vitamin B12

Protein

Selenium

Iodine

Iron

Calcium

Zinc

What does fish contain that makes it 
so good for you?

• Vitamin A

• Omega-3 fatty acids

• Vitamin D

• Vitamin B12

• Protein

• Selenium

• Iodine

• Iron

• Calcium

• Zinc
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Fish: Nature’s Super Food
What are some of the health benefits to eating fish?

Images: EEN (2019). 15 Heart clip art mind free for download. Accessed 31.07.2019 from: https://enterpriseengineeringnetwork.org/explore/heart%20clip%20art%20mind/

• Lowers risk of heart disease
• Lowers risk of a stroke
• Boosts brain development
• Boosts mental health 
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What is the daily recommended dietary intake of protein (not just fish) per day?

Approximately 0.8 grams of protein per kilogram of body weight

Fish: Nature’s super food
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Image: Katchel, N. (2018). New calculator helps you personalise your protein needs to support weight loss. CSIROscope. Accessed 31.07.2019 from: 
https://blog.csiro.au/new-calculator-helps-you-personalise-your-protein-needs-to-support-weight-loss/

Protein-rich foods
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Worksheet
133

Packets of 
Protein

by 

Gail Riches

www.marineeducation.co
m.au
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T134 World fisheries 
declines

Gail Riches
Page 432



Syllabus statement
At the end of this topic you should be able to ... 

Understand

that the world’s fisheries are in decline

Page 433



Understand

• perceive what is meant by something; grasp; 
• be familiar with (e.g. an idea); 
• construct meaning from messages, including oral, written and graphic 

communication
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Objective

• Understand the process used to estimate the size 

of global fish stocks over time

• Identify global trends in the state of the world’s 

marine fish stocks over the past 40 years 

• Understand what are ‘shifting baselines’
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Download this resource
Go to website 

World Ocean Review 

https://worldoceanreview.com/en/

Download

WOR 2: The Future of Fish – The Fisheries of the Future
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Study Page 44 & 45

Image: Global estimation of fish abundance: Data on the status of fish stocks is provided by the fisheries and scientists. The 
FAO collates this information and then attempts to draw up a picture of the worldwide situation. The problem is that 
reliable data exists for only about 500 stocks. Experts do not agree on the status of other fish stocks. In: World Ocean 
Review (2013). 2 The Future of Fish – The Fisheries of the Future. Maribus gGmbH. Pg. 44/45. Accessed 24.04.2019 from: 
https://worldoceanreview.com/en/

How do we know world 
fisheries are in decline?
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1. Fishery sends Catch Data

• Fishermen report their 

catches to their government 

authorities (mandatory)

• Government authorities 

send this data to scientists 

and to the FAO. 

Image: AFMA > Services for Fishers > Fisheries Logbooks > 
Commonwealth Fisheries Logbooks > NP16 Northern and 
Torres Strait Prawn Fisheries. Accessed 01.08.2019 from: 
https://afma.govcms.gov.au/sites/g/files/net5531/f/uploads
/2014/02/np16-northern-torres-prawn-logbook.pdf

Image: AFMA (2019). Increased catch approved for blue grenadier. 
AFMA.  Accessed 01.08.2019 from: https://www.afma.gov.au/news-
media/media-releases/increased-catch-approved-blue-grenadier
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2. Fishery sends 
Fishery – dependent data 

• Scientist travels with fishing vessel 

(as an ‘observer’) and gathers fishery-dependent data

• Fisheries-dependent data includes: 

catch volume, composition, age, size, length, maturity level, 

calculation of expended effort, etc. 

Note: Queensland will soon be digitizing this process with 

mandatory on-board camera systems replacing on-board 

observers Image: A NOAA observer collecting scale samples from a 
yellowtail flounder. NOAA photo. In: Lovgren, J. (2018). A hard 
look at NOAA’s observer program. National Fishermen. Accessed 
01.08.2019 from: 
https://www.nationalfisherman.com/viewpoints/northeast/a-
hard-look-at-noaas-observer-program/
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3. Research sends 
Fishery – independent data 

• Scientists undertake their own research using their 

own vessels 

• Includes activities that do NOT involve the 

commercial or recreational harvest of fish

• Fisheries-independent data includes: 

tagging (mark-and-recapture), underwater visual 

census, acoustic method, egg production methods, 

depletion method, etc.
Image: Screenshot of Fisheries-Independent Data collection on a Trawler from 
FishwellConsulting (2013). Fisheries Stock Assessment Modelling Video 08 -
Collecting Fisheries Data. YouTube. Accessed 01.07.2019 from: 
https://www.youtube.com/watch?v=EnI7Jj90fMw&list=PLxpX1ofovMYFVgZGf6Wujn
UFDDv-VasSx&index=8
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Watch video
https://www.youtube.com/watch?v=yLXEYWZnUgA 

Discover and explore more great 
videos by Fishwell Consulting…

https://www.youtube.com/channel/
UC90sh0piBbxe3iXwlPOZtig
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4. A stock assessment is made

• A scientific authority compares 

FISHERY-DEPENDENT DATA to 

FISHERY-INDEPENDENT DATA to 

improve the accuracy of stock assessments

• The status of stocks is calculated and forwarded 

to the FAO (Food and Agriculture Organization)

• Any unreliable or incomplete data is also 

forwarded to the FAO
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5. FAO Publishes the Data

• FAO collates and publishes the data…

• …in a SOFIA report every 2 years 

Note: SOFIA stands for: the State of World 

Fisheries and Aquaculture

Image: FAO. 2018. The State of World Fisheries and Aquaculture 2018 - Meeting the 
sustainable development goals. Rome. Licence: CC BY-NC-SA 3.0 IGO. Accessed 
31.07.2019 from: http://www.fao.org/3/i9540en/i9540en.pdf

So, are world fisheries in decline?

• Yes
• No
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Image: FAO. 2018. The State of World Fisheries and Aquaculture 2018 - Meeting the sustainable development goals. Rome. Licence: CC BY-NC-SA 3.0 IGO.
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Image: Searchinger, T., Waite, R., Hanson, C. and Ranganathan, J. (2018). World Resources Report: Creating a sustainable food future. Synthesis Report. World Resources Institute. Creative Commons Attribution 4.0 International 
Public License. Accessed 01.08.2019 from: https://wriorg.s3.amazonaws.com/s3fs-public/creating-sustainable-food-future_2.pdf 

Same data, same graph, different perspective….
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SOFIA Report Key Findings

Image: FAO. 2018. The State of World Fisheries and Aquaculture 2018 - Meeting the 
sustainable development goals. Rome. Licence: CC BY-NC-SA 3.0 IGO.

So, are world fisheries in decline?

• Yes
• No
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Shifting baselines
What do you notice about the average size of the catch over time?

Is it increasing or decreasing?

Image: https://mission-blue.org/2012/03/shifting-baselines-daniel-paulys-ted-talk/
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Shifting Baselines

Image: Courtesy of Monroe County Public Library. In: Krulwich, R. (2014). Big Fish Stories Getting Littler. NPR: Krulwich Wonders. Accessed 01.08.2019 from: 
https://www.npr.org/sections/krulwich/2014/02/05/257046530/big-fish-stories-getting-littler 

1958
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Shifting Baselines
1980-1985

Image: Courtesy of Monroe County Public Library. In: Krulwich, R. (2014). Big Fish Stories Getting Littler. NPR: Krulwich Wonders. Accessed 01.08.2019 from: 
https://www.npr.org/sections/krulwich/2014/02/05/257046530/big-fish-stories-getting-littler Page 449



Shifting Baselines
2007

Image: Courtesy of Monroe County Public Library. In: Krulwich, R. (2014). Big Fish Stories Getting Littler. NPR: Krulwich Wonders. Accessed 01.08.2019 from: 
https://www.npr.org/sections/krulwich/2014/02/05/257046530/big-fish-stories-getting-littler 
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Watch the video
https://www.youtube.com/watch?v=Hui5YH-D6Go
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134

Gone 
OverFish’n

by 

Gail Riches

www.marineeducation.com.
au
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T135 Fish population 
distribution

Gail Riches
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Syllabus statement
At the end of this topic you should be able to ... 

Explain

how distribution of fish populations are determined by temperature, primary 
productivity and nutrient dispersal, and these are influenced by currents, upwelling 
and seasonal factors
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Explain

• make an idea or situation plain or clear by describing it in more detail or 
revealing relevant facts; give an account; 

• provide additional information
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Objective

• Understand that where there is food, there is fish!

• Understand how the distribution of fish populations is related to the 

distribution of PHYTOPLANKTON which is determined by sunlight and 

nutrient availability

• Understand that temperature, primary productivity and nutrient dispersal 

are influenced by currents, upwelling and seasonal factors. 
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Watch video
https://www.youtube.com/watch?v=B6M_XgiONoo

Copyright BBC Earth: https://www.youtube.com/watch?v=B6M_XgiONoo
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Where there is food, there is fish!

Source: https://www.pinterest.com.au/pin/840625086668030577/

Copyright NSW Fisheries, Reproduced with 
permission
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Where is the food? Where are the boats?!

Image: the location of 6,425,556 vessels tracked by Global Fishing Watch on the 9th May 2019. Map data ©2018 Google, ©2018 NASA, INEGI, TerraMetrics. 
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‘Explore our map’ on www.globalfishingwatch.org

Image: the location of 6,425,556 vessels tracked by Global Fishing Watch on the 9th May 2019. Map data ©2018 Google, ©2018 NASA, 
INEGI, TerraMetrics. 

Q. Are the locations of boats  

distributed evenly?

Q. Do you think the fish are 

distributed evenly?

Q. What locations have the most 

boats?

Page 460



‘Explore our map’ on www.globalfishingwatch.org

Image: the location of 6,425,556 vessels tracked by Global Fishing Watch on the 9th May 2019. Map data ©2018 Google, ©2018 NASA, INEGI, 
TerraMetrics. 

Q. Are the locations of boats  

distributed evenly?

No

Q. Do you think the fish are 

distributed evenly?

No

Q. What locations have the most 

boats?

Locations with Food 

(and accessible by boat)
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Where is the food? Where is the phytoplankton?!

Image: Phytoplankton, which constitute the base of the food chain, sustain the productivity of marine and freshwater ecosystems. Source: Sherwood 
Lan Smith (2016). Mechanism of Resilience in Communities with Different Size Distributions: Underlying mechanism of biodiversity-productivity 
relationships Clarified. Steemit. 
Accessed 2019 from: https://steemit.com/science/@lanimal/new-study-clarifies-diversity-productivity-relationships-using-phytoplankton-as-a-
model-ecosystem 
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What is phytoplankton?

Phyto: Plant        Plankton: Drifting/Wandering

Image: ETH Zurich (2019). Mapping the Global Distribution of Phytoplankton (Illustration: www.secchidisk.org). Science and Technology Research News. Accessed 02.08.2019 from: 
https://www.scienceandtechnologyresearchnews.com/mapping-the-global-distribution-of-phytoplankton/
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Image: Diatoms. Source: Gross, M. (2012). The mysteries of the diatoms. 
Current Biology. Volume 22, Issue 15. DOI: 
https://doi.org/10.1016/j.cub.2012.07.041 (open access)

Diatoms
• single-celled algae 

• cell wall made of silica (glass!)

Image: Diatom. Source: Monterey Bay Aquarium. Accessed 2019 from: https://www.montereybayaquarium.org/animals-and-
exhibits/animal-guide/plants-and-algae/diatoms 
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https://vimeo.com/33031310

Watch the video: diatoms

https://vimeo.com/33031310
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Image: Coccolithophores surround themselves with platelets of calcium carbonate, shown here greatly magnified. Calcium carbonate is transparent and so the platelets do not compromise the organism's ability to 
photosynthesize. Credit: Hermoso and McClelland. Plymouth Marine Laboratory. Accessed 2019 from: https://www.pml.ac.uk/News_and_media/News/Fossil_Plankton_may_be_the_key_to_understanding_pr 

Coccolithophores
• single-celled algae 

• they make armoured plates (coccoliths) out of calcium carbonate (calcite)
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Where is the phytoplankton?

Figure 1: Milligrams of chlorophyll per cubic meter of seawater. Low concentrations of chlorophyll are blue. High concentrations are green. The observations come from the 
Moderate Resolution Imaging Spectroradiometer (MODIS) on NASA's Aqua satellite. Land is dark gray, and places where MODIS could not collect data because of sea ice, polar 
darkness, or clouds are light gray. Accessed 2019 from: https://earthobservatory.nasa.gov/global-maps/MY1DMM_CHLORA
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• The concentration of chlorophyll-a 
(making phytoplankton appear green) 
is used as an index of phytoplankton 
mass. 

• Places where chlorophyll amounts are 
very low, 
indicating very low numbers 
of phytoplankton, are blue. 

• Places where chlorophyll 
concentrations are very high, indicating 
high numbers of phytoplankton, are 
dark green.

Figure 1: Milligrams of chlorophyll per cubic meter of seawater. Low concentrations of chlorophyll are blue. High 
concentrations are green. The observations come from the Moderate Resolution Imaging Spectroradiometer 
(MODIS) on NASA's Aqua satellite. Land is dark gray, and places where MODIS could not collect data because of sea 
ice, polar darkness, or clouds are light gray. Accessed 2019 from: https://earthobservatory.nasa.gov/global-
maps/MY1DMM_CHLORA

Where is the phytoplankton?
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Play the animation

https://earthobservatory.nasa.gov/gl
obal-maps/MY1DMM_CHLORA

• Land is dark gray, and places where MODIS 
could not collect data because of sea ice, 
polar darkness, or clouds are light gray.

• The observations come from the 
Moderate Resolution Imaging 
Spectroradiometer (MODIS) on NASA's 
Aqua satellite. https://earthobservatory.nasa.gov/global-maps/MY1DMM_CHLORA
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Phytoplankton need SUNLIGHT to bloom
Sunlight is one of the limiting factors for a phytoplankton bloom.

No sunlight. No photosynthesis. No bloom.

February 2017 
(summer in southern hemisphere)

June 2017 
(winter in southern hemisphere)

Sunlight availability varies with the seasons.

https://earthobservatory.nasa.gov/global-maps/MY1DMM_CHLORA https://earthobservatory.nasa.gov/global-maps/MY1DMM_CHLORA
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Image: Julie Ramsdon ABC. In: Hobbs, B. (2017). Spring, summer, autumn and winter — why do we have seasons? ABC News. Accessed 2019 from:
https://www.abc.net.au/news/science/2017-09-01/seasons-and-their-changes-explained/8858776

For example - There is not enough SUNLIGHT at the poles in Winter for 
phytoplankton to bloom….
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NASA image courtesy the SeaWiFS Project, NASA/Goddard Space Flight Center, and ORBIMAGE. NOTE: All SeaWiFS images and data presented or referred 
to in this email message are for research and educational use only. All commercial use of SeaWiFS data must be coordinated with ORBIMAGE. Accessed 
2019 from: https://earthobservatory.nasa.gov/images/5065/phytoplankton-bloom-in-the-ross-sea

But….when Spring arrives…

Ross Sea 
Ice Shelf, 
Antarctica

clouds

the sea ice clears from the Ross Sea (Antarctica) and sunlight touches its surface once more. 
The return of sunlight triggers one of the most intense phytoplankton blooms in the world. 

In this image, a 
forest of 
phytoplankton 
forms dense green 
swirls in the Ross 
Sea. 
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Phytoplankton also need NUTRIENTS to bloom

Figure 1: Bloom patterns for oceans in the mid-latitude North Atlantic. 

Image: https://www.arcgis.com/apps/MapJournal/index.html?appid=a672eda26fd2473dbcc5d913060dea53

Nutrients are another limiting factor for a phytoplankton bloom.
No nutrients. No bloom.

• Even with sunlight in Summer, the 

phytoplankton still need nutrients to 

bloom.

• Phytoplankton bloom when they have 

enough available 

sunlight AND nutrients.

• Such as in Spring and Autumn (Fall mini-

bloom). 
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What NUTRIENTS do they 
need and often not have? Nutrient: a substance that 

provides nourishment 
essential for the 
maintenance of life and for 
growth
Oxford Dictionary• Dissolved nitrogen 

• Dissolved phosphate

• Dissolved iron

• Silica 
(in particular, for diatoms, whose 
cell walls are made of silica)

Phytoplankton can only bloom 
when they have ALL the 
nutrients (and sunlight) they 
need. 

i.e. the ‘limiting factors’
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“Phytoplankton blooms are most frequent where abundant nutrients needed for phytoplankton growth 
are added in a continuous stream, or in surges. These are often areas along the edges of 
continents where nutrients are supplied through river runoff, or where cold nutrient-rich waters 
from ocean depths rise to the surface

Hobart M. King (2019). Phytoplankton Blooms from Space. Geology.com. Accessed 2019 
from: https://geology.com/satellite/phytoplankton-blooms-from-space/ 

Where do the nutrients come from?

Figure 1: High chlorophyll-a concentrations in red. Very low 
chlorophyll-a concentrations in blue. Image source: 
https://www.aia-aerospace.org/wp-
content/uploads/2016/05/AIA_EarthObservationReport.pdf

Figure 2: In 2012, scientists at the University of Tasmania discovered a 20,000-square-kilometer (7,700-square-mile) bed of algae in 
Antarctica. The researchers became aware of the unusual bloom through satellite information from NASA, which captured images 
of huge, brownish-green spots in the waters of the ocean. Source: Oelmaier, T. (201). Enormous algae bloom floats near Antarctica. 
DW. Accessed 2019 from: https://www.dw.com/en/enormous-algal-bloom-floats-near-antarctica/a-15792793
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Harmfull blooms can also occur in freshwater 
bodies and are often triggered by agricultural 
runoff. 

When conditions are perfect, the abundant 
nutrient supply feeds the plankton’s explosive 
growth into a bloom.
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Watch the video

https://www.youtube.com/watch?v=vzRkHkssdME
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However, when nutrients come from a source of 
pollution…

…an algae bloom can be 
toxic

A mass of green algae forms along the Qingdao coastline before the 2008 Olympics (China). Source: 
https://www.scmp.com/news/china/article/1284156/cause-qingdaos-green-tide-algae-mystery
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But, when nutrients come from the depths below…
…the phytoplankton bloom can become a massive food source!

The anchovy (E. ringens) dubbed ‘the ENSO fish’ is a pelagic filter-feeder – there are lots of them 
off the coast of Peru. Source: https://judithcurry.com/2015/05/11/enso-and-the-anchovy/ Page 479



Zooplankton eat phytoplankton….

Figure 1: Zooplankton feeding on phytoplankton. Source: http://blueplanetsociety.org/2015/03/the-importance-of-plankton/
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And, fish eat 
zooplankton!

Watch the video

https://www.youtube.com/
watch?v=xFQ_fO2D7f0

https://www.youtube.com/watch?v=xFQ_fO2D7f0
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Some nutrients 
never make it to the 
surface?

Figure 3: A typical nutrient deficiency in the surface 
layer. Source: 
http://www.meteor.iastate.edu/gccourse/chem/gase
s/interaction2.html
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Image: https://www.arcgis.com/apps/MapJournal/index.html?appid=a672eda26fd2473dbcc5d913060dea53

• In mid-latitude oceans (far from river 
runoff), nutrients are sourced from the 
depths below. 

• During warm periods, the surface layers 
of the ocean warm up…

• …which causes increased surface ocean 
stratification….

• …with less mixing…

• …meaning, less nutrients reaching the 
surface layers of the ocean where the 
phytoplankton live. 

Why?

The answer is temperature.
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Watch the video
https://www.youtube.com/watch?v=eM5lX9RQzZ4

https://www.youtube.com/watch?v=eM5lX9RQzZ4 Page 484



A warm water mass on the surface can act like a ‘lid’ and stop nutrient-rich cold water from  
entering the upper layers of the ocean. Such as during an El Nino event. 

Figure 1: An upwelling delivers nutrients to the surface layers of the ocean. 
Source: https://en.wikipedia.org/wiki/El_Ni%C3%B1o

Figure 2: A warm water mass on the surface can act like a ‘lid’ and stop 
nutrient-rich cold water from  entering the upper layers of the ocean. 
Source: https://en.wikipedia.org/wiki/El_Ni%C3%B1o

Normal Year

El Nino Year
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….stopping cold water from entering the upper layers of the ocean.
It dramatically affects ocean nutrients in Peru and consequently disrupts the fishing industry.

El Nino currents and Peru
Illustration Bob Moffatt

El Nino makes sea surface temperatures WARM
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Normal year

Figure 1: Differences in December phytoplankton abundances are visualized for two years: during a normal year in 2013 (using data from MODIS on the Aqua satellite), and during the strong East Pacific El Nino of 1997 

(using SeaWiFS satellite data). Credit: Uz/NASA Goddard. Adapted and Accessed 2019 from: https://phys.org/news/2016-04-nasa-el-nino-impact-ocean.html

El Nino year
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T136 Rugosity and fish 
diversity

Gail Riches
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Syllabus statement
At the end of this topic you should be able to ... 

Assess

rugosity data and link this to fish diversity
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Assess

• measure, determine, evaluate, estimate or make a judgment about the 
value, quality, outcomes, results, size, significance, nature or extent of 
something
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Objective

• Understand what is rugosity?

• Measure reef rugosity

• Understand why reef habitats with high rugosity typically contain more species

• Understand what is fish diversity?  

• Measure fish diversity

• Link rugosity data to fish diversity 
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• Bumpy vs. flat.
• Rugosity is an index that measures habitat complexity (also called structural complexity). 
• It is usually expressed as a number between 0 and 3. 

What is rugosity?

Figure 1: Visual topographic estimate of substrates with different rugosity. Source: Martinez, A.S., Mendes, L.F. and Leite, T.S. (2012). Spatial distribution of epibenthic molluscs on a sandstone reef in the Northeast of Brazilian. Journal of  Biology. Vol 72. no 2. p.287-298. DOI: 
10.1590/S1519-69842012000200009  Open Access.
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If you were a reef fish, which one would you prefer?

Figure 1: Visual topographic estimate of substrates with different rugosity. Source: Martinez, A.S., Mendes, L.F. and Leite, T.S. (2012). Spatial distribution of epibenthic molluscs on a sandstone reef in the Northeast of Brazilian. Journal of  Biology. Vol 72. no 2. p.287-298. DOI: 
10.1590/S1519-69842012000200009  Open Access.
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Figure 1: Visual topographic estimate of substrates with different rugosity. Source: Martinez, A.S., Mendes, L.F. and Leite, T.S. (2012). Spatial distribution of epibenthic molluscs on a sandstone reef in the Northeast of Brazilian. Journal of  Biology. Vol 72. no 2. p.287-298. DOI: 
10.1590/S1519-69842012000200009  Open Access.

Fish Diversity

Page 495



“Ecological habitats with greater structural complexity contain 
more species due to increased niche diversity”

Fish Diversity

Figure 1: Visual topographic estimate of substrates with different rugosity. Source: Martinez, A.S., Mendes, L.F. and Leite, T.S. (2012). Spatial distribution of epibenthic molluscs on a sandstone reef in the Northeast of Brazilian. Journal of  Biology. Vol 72. no 2. p.287-298. DOI: 
10.1590/S1519-69842012000200009  Open Access.
Quote Source: Dustan P, Doherty O, Pardede S (2013) Digital Reef Rugosity Estimates Coral Reef Habitat Complexity. PLoS ONE 8(2): e57386. doi:10.1371/ journal.pone.0057386 Page 496



In other words…more places to live….

Wolf rock Page 497



In other words…more places to live….

Moray Eel hiding in a crevice at Barwon Banks, Sunshine Coast. 
Photograph © Karen Anderson with permission.

Fish schooling at Cherub’s Cave Dive Site, Moreton Island. Photograph © Karen Anderson with permission.  
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…more places to sleep and rest….

Parrot fish secrete a mucus "sleeping bag" around themselves for protection from predators. Photo © Doug Perrine/SeaPics.com.
Source: https://thefisheriesblog.com/2014/03/09/do-fish-sleep/
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…more places to hide…

Fish hiding in coral, Flinders Reef, Moreton Island, Sunshine Coast. 
Photograph © Karen Anderson with permission.

Crayfish hiding beneath coral, Flinders Reef, Moreton Island, Sunshine Coast. 
Photograph © Karen Anderson with permission.
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…more places to hide…

Fish hiding, camouflaged in coral, Flinders Reef, Moreton Island, Sunshine Coast. 
Photograph © Karen Anderson with permission.

Fish hiding beneath overhang, Barwon Banks, Sunshine Coast. 
Photograph © Karen Anderson with permission.
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…more places to hide…

Fish hiding in coral, Flinders Reef, Moreton Island, Sunshine Coast. 
Photograph © Karen Anderson with permission.
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…more places to reproduce…

Grey Nurse Sharks aggregate to reproduce at Wolf Rock, Rainbow Beach, Sunshine Coast.
Photograph © Wolf Rock Dive Centre Page 503



…more places to reproduce…

Clown fish and eggs. Photograph © David Doubilet at https://twitter.com/DavidDoubilet 
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…and more places to eat.

Fish eating from the turtle’s back, Flinders Reef, Moreton Island, Sunshine Coast. 
Photograph © Karen Anderson with permission. Page 505



How do I measure rugosity 
using the chain and tape method?

• Rugosity is an index (number) that is calculated using the formula C=a/b*
• The rugosity index (C) is expressed as the ratio between the total length of a chain (b) 

and the length of the same chain when moulded to a reef surface (a)

*Although some papers they use the formula C=1-(b/a) 

Page 506



The more bumps, the more chain, the greater the 
rugosity ratio, the more complex the habitat

Q. What is the rugosity index if the chain length (a) is 40m and the 
transect length (b) is 20m?  (C=a/b) 
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The more bumps, the more chain, the greater the 
rugosity ratio, the more complex the habitat

Q. What is the rugosity index if the chain length (a) is 40m and the 
transect length (b) is 20m?  (C=a/b)  Ans. 40/20=2
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Site 1: Image (of Lady Elliot Island) sourced from the XL Catlin Global Reef Record. © Underwater Earth / XL Catlin Seaview Survey

Which site has the greatest rugosity?

Site 2: Image (of Lady Elliot Island) sourced from the XL Catlin Global Reef Record. © Underwater Earth / XL Catlin Seaview Survey

b

a

b

Site 1

Site 2

7cm

10cm

5.5cm

7.5cma

C=a/b
C=
C=

C=a/b
C=
C=
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Site 1: Image (of Lady Elliot Island) sourced from the XL Catlin Global Reef Record. © Underwater Earth / XL Catlin Seaview Survey

Which site has the greatest rugosity? Site 1

Site 2: Image (of Lady Elliot Island) sourced from the XL Catlin Global Reef Record. © Underwater Earth / XL Catlin Seaview Survey

b

a

b

Site 1

Site 2

7cm

10cm

5.5cm

7.5cma

C=a/b
C=10cm/7cm
C=1.43

C=a/b
C=7.5cm/5.5cm
C=1.36
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Site 1: Image (of Lady Elliot Island) sourced from the XL Catlin Global Reef Record. © Underwater Earth / XL Catlin Seaview Survey

Which site has the greatest fish diversity?

Site 2: Image (of Lady Elliot Island) sourced from the XL Catlin Global Reef Record. © Underwater Earth / XL Catlin Seaview Survey

Site 1

Site 2

Species Name n

Lutjanus rivulatus 1

Abudefduf sp. 30

Plectorhinchus gibbosus 10

Species Name n

No fish! 0
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Site 1: Image (of Lady Elliot Island) sourced from the XL Catlin Global Reef Record. © Underwater Earth / XL Catlin Seaview Survey

Which site has the greatest fish diversity? Site 1 Why?

Site 2: Image (of Lady Elliot Island) sourced from the XL Catlin Global Reef Record. © Underwater Earth / XL Catlin Seaview Survey

Site 1

Site 2

Species Name n

Lutjanus rivulatus 1

Abudefduf sp. 30

Plectorhinchus gibbosus 10

Species Name n

No fish! 0
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How do we measure Fish Diversity? 

• Species Richness

• Species Evenness

• Simpsons Diversity Index (SDI)

• Functional Diversity 

Moray Eel, Flinders Reef, Moreton Island, Sunshine Coast. 
Photograph © Karen Anderson with permission.
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Species Richness

Species Name n
1
2
3
4
5
6
7

• Number of species (number of rows)

Species Name n
1
2
3
4

Species Richness: 7 Species Richness: 4 

ß Higher Diversity
Page 514



Species Evenness 

Species Name n
Species a 5
Species b 4
Species c 6
Species d 7
Species e 6
Species f 8
Species g 5

• Balance of abundance ‘n’ (species evenness). E.g. does one or two species dominate? 

Species Evenness: High Species Evenness: Low 
Species Name n
Species a 2
Species b 2
Species c 1
Species d 70
Species e 5
Species f 4
Species g 2

Higher Diversity
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Simpson Diversity Index (SDI)  
• Calculates both species richness AND species evenness

• 0=no diversity; 1=infinite diversity

Species Name n n(n-1)
Species a 10
Species b 15
Species c 12

TOTAL N ∑n(n-1)

N(N-1)= SDI

For example, 

Low Species Richness 
High Species Evenness
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Simpson Diversity Index (SDI)  

Species Name n n(n-1)
Species a 10 ?
Species b 15 ?
Species c 12 ?

TOTAL N

?

∑n(n-1)

?
N(N-1)

?

SDI

?

• Calculates both species richness AND species evenness

• 0=no diversity; 1=infinite diversity
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Simpson Diversity Index (SDI)  

Species Name n n(n-1)
Species a 10 90
Species b 15 210
Species c 12 132

TOTAL N

37

∑n(n-1)

432
N(N-1)

1,332

SDI

0.678

• Calculates both species richness AND species evenness

• 0=no diversity; 1=infinite diversity
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Simpson Diversity Index (SDI)  
• Calculates both species richness AND species evenness

• 0=no diversity; 1=infinite diversity

Species Name n n(n-1)
Species a 2
Species b 100
Species c 8

TOTAL N ∑n(n-1)

N(N-1)= SDI

For example, 

Low Species Richness 
Low Species Evenness
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Simpson Diversity Index (SDI)  

Species Name n n(n-1)
Species a 2 ?
Species b 100 ?
Species c 8 ?

TOTAL N

?

∑n(n-1)

?
N(N-1)

?

SDI

?

• Calculates both species richness AND species evenness

• 0=no diversity; 1=infinite diversity
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Simpson Diversity Index (SDI)  

Species Name n n(n-1)
Species a 2 2
Species b 100 9,900
Species c 8 56

TOTAL N

110

∑n(n-1)

9,958
N(N-1)

11,990

SDI

0.17

• Calculates both species richness AND species evenness

• 0=no diversity; 1=infinite diversity
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Simpson Diversity Index (SDI)  

Low Species Richness 
Low Species Evenness

SDI = 0.17

Low Species Richness 
High Species Evenness

SDI = 0.678 
Higher Diversity

• Calculates both species richness AND species evenness

• 0=no diversity; 1=infinite diversity

Closer to 1.0
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Functional diversity  
• Instead of counting the number of species (i.e. species richness) we count the number 

of functional groups – species performing the same function or ‘job’.

• What constitutes a ‘functional group’ (i.e. the job description) depends on the 

researcher. They may use pre-determined functional groups such as scrapers, grazers, 

browsers, etc., Or, they may decide to categorize species into their own functional 

groups based on their own criteria. 

• Sometimes there is only one species in a functional group performing the one job 

(low functional redundancy).

• Sometimes there are lots of species in a functional group all performing the same job 

(high functional redundancy).

Page 523



Common functional groups (categorized by diet)

Examples of fish species in the 10 trophic/functional categories/groups considered in 
Bonaldo et al., (2017). Herbivores: (A) Browser Naso unicornis, (B) Grazer Acanthurus
triostegus, (C) Scraper parrotfish Scarus psittacus, and (D) Excavator parrotfish Chlorurus
spilurus; Non-herbivores: (E) Corallivore Chaetodon trifascialis, (F) Cleaner Labroides
dimidiatus, (G) Mobile invertebrate feeder Parupeneus bifasciatus, (H) Sessile invertebrate 
feeder Halichoeres trimaculatus, (I) Omnivore Chaetodon ulietensis and 
(J) Piscivore Carcharhinus melapterus. Photos: João Paulo Krajewski.
[1] Bonaldo RM, Pires MM, Guimarães PR, Junior, Hoey AS, Hay ME (2017) Small Marine Protected Areas in Fiji Provide Refuge for Reef Fish Assemblages, Feeding Groups, and Corals. PLoS ONE 12(1): e0170638. Accessed 
2019 from: https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0170638&type=printable
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Functional group diversity

Functional Group n
1
2
3
4
5
6
7

• Number of functional groups (number of rows)

• Same as species richness, but instead of counting species, you are counting functional groups

Functional Group n
1
2
3
4

Functional Group Diversity: 7 Functional Group Diversity: 4 

ß Higher Diversity
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Watch the video 

https://www.youtube.com/watch?v=nzIeqWzinw4

Assess rugosity in the 
video and link this to 
fish diversity. Discuss. 
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View live cam footage at JCU’s classroom on the reef

https://www.jcu.edu.au/classroom-on-the-reef/livecams
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T137 Bioaccumulation food 
web effects

Gail Riches
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Syllabus statement
At the end of this topic you should be able to ... 

Assess

the impact of bioaccumulation through the food web into edible seafood

Links also 
to Year 11
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Assess

• measure, determine, evaluate, estimate or make a judgment about the 
value, quality, outcomes, results, size, significance, nature or extent of 
something
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Objective

• Understand the process of bioaccumulation

• Recall 4 sources of contaminated seafood – ciguatera, mercury, micro-plastics and TBT

• Recall symptoms of ciguatera poisoning
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Bioaccumulation

• Bioaccumulation is the accumulation of substances (such as pesticides, heavy metals or 
other organic chemicals) in an organism through the diet

• Bioaccumulation occurs when a substance is absorbed faster than it is excreted, thus it 
accumulates in the body of the organism

• Bioaccumulation often follows the repeated consumption of contaminated lower order 
consumers and producers over time

Note: Levels also magnify up the food chain (called biomagnification). 
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Week 1: Fish finds food, but does NOT know 
it is contaminated!  

Toxin 
accumulation 
levels in the 
coral trout

Contaminated!
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Week 1: Fish eats contaminated food Toxin 
accumulation 
levels in the 
coral trout
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Week 1: Contaminated food enters body Toxin 
accumulation 
levels in the  
coral trout
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Week 2: Fish eats more contaminated food  Toxin 
accumulation 
levels in the  
coral trout
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Week 2: More contaminated food enters body  Toxin 
accumulation 
levels in the  
coral trout
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Week 3: Fish eats more contaminated food  Toxin 
accumulation 
levels in the 
coral trout
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Week 3: More contaminated food enters body  Toxin 
accumulation 
levels in the 
coral trout
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Week 4: Fish eats more contaminated food  Toxin 
accumulation 
levels in the 
coral trout
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Week 4: More contaminated food enters body  Toxin 
accumulation 
levels in the 
coral trout
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Toxin 
accumulation 
levels in the 
coral trout

Week 5: Fish digests food, but toxins remain
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Contaminated seafood ends up on your plate! Toxin 
accumulation 
levels in the 
coral trout
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The person who ate the seafood gets sick
How sick, depends on what they ate

For example:

• Ciguatera poisoning (CTX)?

• Heavy Metals (e.g. Mercury)?

• Micro-plastics (e.g. micro-beads)?

• TBT: Tributyltin (anti-foul)?
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• Abdominal cramps
• Nausea
• Diarrhoea
• Numbness in lips
• Numbness in tongue
• Numbness in fingers
• Numbness in toes
• Hot feels cold, and, cold feels hot
• Dental pain (feels like teeth are loose or falling out)
• Joint pain
• Muscle pain
• Headaches
• Prolonged itching
• …and, in severe cases, cardiovascular complications (e.g. heart attack).

• In some cases, chronic neurologic symptoms remain for months and in some cases, years.
• Consuming fish, shellfish, alcohol, caffeine and nuts as well as physical exertion/activity have 

been associated with symptom recurrence

Ciguatera poisoning (CTX) symptoms
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Ciguatera bioaccumulation

• Caused by the consumption of herbivorous fish that have 
become toxic from feeding on toxic benthic dinoflagellates 
(Gambierdicus toxicus) or from carnivorous fish that have 
consumed toxic herbivorous fish that have fed on the 
dinoflagellate.

• Gambierdicus toxicus is found primarily in the tropics in 
association with macro algae usually attached to dead corals 
(hence there is concern climate change will increase CTX abundance with phase-shifts occurring 
post disturbance – i.e. changing from a coral-dominated reef to an algae-dominated reef).

FAO, 2014. Assessment and management of seafood safety and quality. Fisheries Technical Paper 574. Accessed 2019 from: http://www.fao.org/fao-who-codexalimentarius/sh-
proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FMeetings%252FCX-735-11%252FCRDs%252FCiguatera.pdf

Gambierdicus toxicus
https://slideplayer.com/slide/4772511/
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Take home message: Do NOT eat the big fish!

• You cannot tell if a fish is contaminated with ciguatera by its appearance, smell, or taste.
• The toxin is heat stable and remains after freezing. 
• So, freezing or cooking the fish does NOT make it safe to eat.
• Its presence can only be determined by analytical methods. 

In Australia, Spanish Mackerel (over 10kgs) has caused the highest number of cases of ciguatera*

*http://www.foodauthority.nsw.gov.au/_Documents/retailfactsheets/ciguatera_poisoning.pdf
Image: https://nt.gov.au/marine/recreational-fishing/types-of-fish/fish-species/spanish-mackerel

>10kg

They’ve had more time to eat (and accumulate) more
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More examples of fish associated with ciguatera

FAO (2017). FAO-WHO work on ciguatera and current challenges: Side Event CCCF11, 5th April 2017, Rio de Janeiro, Brazil. Accessed 2019 from: http://www.fao.org/fao-who-codexalimentarius/sh-
proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FMeetings%252FCX-735-11%252FCRDs%252FCiguatera.pdf

Note: More than 400 species of fish are known to be vectors of ciguatera.
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Image: https://news.harvard.edu/gazette/story/2019/08/climate-change-pushing-up-levels-of-methylmercury-in-fish/

Mercury poisoning
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• Aquatic bacteria convert 
inorganic mercury 
(e.g. released from 
smokestacks of coal-burning 
power plants) into organic 
form methylmercury 

• Methylmercury 
bioaccumulates and 
biomagnifies

• Methylmercury has a half-life 
in human blood of about 50 
days

• Methylmercury is a 
neurotoxin

Image: https://www.eagletribune.com/news/warning-eating-freshwater-fish-can-be-dangerous-to-your-
health/article_e5fa95d3-2710-5f6d-80c4-3c0b43ff3bbf.html

https://www.sciencedirect.com/science/ar
ticle/pii/S0041008X00991130?via%3Dihub
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• Swordfish: 0.995 ppm
• Shark: 0.979 ppm
• King mackerel: 0.730 ppm
• Big-eye tuna: 0.689 ppm
• Marlin: 0.85 ppm
• Canned tuna: 0.128 ppm
• Cod: 0.111 ppm
• American lobster: 0.107 ppm
• Whitefish: 0.089 ppm
• Herring: 0.084 ppm

Average mercury levels in fish  

https://www.healthline.com/nutrition/mercury-content-of-fish#bottom-line

• Hake: 0.079 ppm
• Trout: 0.071 ppm
• Crab: 0.065ppm
• Haddock: 0.055 ppm
• Whiting: 0.051 ppm
• Atlantic mackerel: 0.050 ppm
• Crayfish: 0.035 ppm
• Salmon: 0.022 ppm
• Shrimp: 0.001 ppm

Page 552



https://www.epa.gov/sites/production/files/documents/mercury.pdf

Suggested class activity
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https://www.rmit.edu.au/news/all-news/2016/august/microbeads-contaminate-fish-toxic-chemicals

Micro-plastics
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https://www.youtube.com/watch?time_continue=4&v=55Y8ggVURPs

Watch the Video
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TBT: Tributyltin (C4H9)3Sn+

• TBT was used as an antifoul paint on boat hulls (now banned)
• TBT was also used as an antifoul paint on the netting of sea cages in the aquaculture of salmon
• The half-life of TBT, in the water column, is days to weeks
• But, once deposited in benthic sediments, TBT can last unaltered for decades, particularly in 

anoxic conditions 
• Thus, harbour dredging operations can remobilise TBT, causing problems (plus dredge spoil is 

contaminated)
• TBT bioaccumulates in organisms because of its solubility in fat
• TBT concentrations are particularly high in mussels and other bivalves

Image: https://www.amsa.gov.au/news-community/news-and-media-releases/antifouling-systems

Problem: since TBT was banned, 
anti-fouling systems have not 
been as effective. But, without 
effective anti-fouling protection, 
CO2 emissions rise and 
introduced species increase. 
But, TBT is toxic. What to do? 
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Bioaccumulation and bioindicators

• Some organisms accumulate a chemical in their bodies to a concentration that is several 
orders of magnitude higher than the surrounding water 

• These organisms can act as a bioindicator of pollution

• For example, Mussels Mytilus galloprovincialis and Mudskippers Scartelaos histophorus

Mediterranean Mussel Mytilus galloprovincialis. Image: http://www.fao.org/fishery/species/3529/en Bearded Mudskipper Scartelaos histophorus. Image: http://fishesofaustralia.net.au/home/species/157

Page 557



Worksheet 
137

We are what we 
eat

by 

Gail Riches

www.marineeducation.com.au

Page 558



T138 Climate change and fish 
populations

Gail Riches
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Syllabus statement
At the end of this topic you should be able to ... 

Explain

how the alteration of thermal regimes caused by climate change is affecting the 
distribution of fish populations
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Explain

• make an idea or situation plain or clear by describing it in more detail or 
revealing relevant facts; 

• give an account; 
• provide additional information
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Image source: https://e360.yale.edu/features/feeling-the-heat-warming-oceans-drive-fish-into-cooler-waters

Objec&ve
• Understand how a warming ocean is affecting the distribution of fish populations    
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Copyright Gail Riches.  Reproduced with permission.
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Image source: The Nature Conservancy. Accessed 2019 from: https://www.washingtonnature.org/fishermen-climate-change

“Climate change is expected to substantially affect the marine environment by modifying the physical 
and chemical properties of seawater (temperature, salinity, currents, vertical stratification, oxygen 
concentration)...with important consequences on the primary production of the global ocean”

Dueri, S., Bopp, L. and Murray, O. (2014). Projecting the impacts of climate change on skipjack tuna abundance and spatial distribution. Global Change Biology. doi: 10.1111/gcb.12460

The environment of the fish is expected to change
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“Changes in the climate due to anthropogenic effects are impacting the global oceans 

and the constituent biology, particularly through changes in water temperature” 

In particular, water temperature (ie getting warmer)

Above: Warming projec?ons by 2100. hDps://www.sciencemag.org/news/2015/09/climate-

pledges-so-far-would-allow-extensive-global-warming-2100

Quote source: Hobday, A.J. (2010). Ensemble 

analysis of the future distribution of large 

pelagic fishes off Australia. Progress in 
Oceanography. Volume 86, Issues 1–2, July–
August 2010, Pages 291-301. DOI: 

https://doi.org/10.1016/j.pocean.2010.04.023
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Above: Marine heatwaves occur everywhere in the ocean. Image: Eric Oliver/Dalhousie University. Accessed 2019 from: https://theconversation.com/marine-heatwaves-are-getting-
hotter-lasting-longer-and-doing-more-damage-95637

Things are heating up!
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Marine heat waves

Above: Summary of prominent recent marine heat waves that are documented and analyzed in the literature. The figure shows the maximum sea surface temperature 
anomaly in regions where temperature exceeds the 99th percentile using NOAA’s daily Optimum Interpolation sea surface temperature dataset. The numbers indicate 
the year of the MHW occurrence. The 99th percentile is calculated over the 1982–2016 reference period. The map was created using the NCAR Command Language 
(www.ncl.ucar.edu). Image source: Frolicher, T. L. and Laufkotter, C. (2018). Emerging risks from marine heat waves. Nature Communications. 9: Article No: 650 (2018). 
Accessed 2019 from: https://www.nature.com/articles/s41467-018-03163-6#Fig1

Marine Heat Wave – extreme warm 
sea surface temperatures (SSTs) that 
persist in an area for days to months
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Above: Temperature influences several other parameters 
and can alter the physical and chemical properties of 

water. Image source: 
https://www.fondriest.com/environmental-

measurements/parameters/water-quality/water-
temperature/

Temperature affects 
nearly every other 
water quality 
parameter as well.
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Therefore, as temperatures rise, dissolved O2 levels fall.
DO – Dissolved Oxygen

Warm water holds 
less oxygen than 
cold water.

Image source: https://www.usgs.gov/special-topic/water-science-school/science/dissolved-oxygen-and-water?qt-science_center_objects=0#qt-science_center_objects

Fish need 
oxygen to 
breathe
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Stratification 
strengthens  

Fish need 
food to 
eat….

Above: The effect of increasing temperature on water column stra=fica=on (blue arrows), associated nutrient redistribu=on (black arrows), and 
phytoplankton produc=on and cell size. Image source: Winder, Monika and Sommer, Ulrich. (2012). Phytoplankton response to a changing climate. 
Hydrobiologia. 698. 10.1007/s10750-012-1149-2. Accessed 2019 from: file:///C:/Users/riche/Downloads/WinderSommerHydrobiologia2012%20(1).pdf

Less mixing…
Less food…
Less fish!

Stratification – the division of the water 
column into layers with different densities
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Currents change
Currents, such as upwellings, carry food and nutrients.  

El Nino currents and Peru
Illustration Bob Moffatt

Page 571



Habitats disappear

Fish need a place 
to live

Image source: https://independentaustralia.net/environment/environment-display/mankind-
might-not-be-the-great-barrier-reefs-worst-enemy,11147
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So, how are the fish predicted to respond?

• Move away - measured as ‘distribution’ - the 
primary focus of this syllabus statement

or

• Adapt/acclimatize

or

• Die  L

They can either

Illustration Sharyn Madder Copyright Wet Paper May be 
used under Creative Commons CC 4.0 BY-NC-SA
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Anyone who has owned a fish tank knows that temperature is very important to a fish.

E.g. if the temperature changes, the fish need a little time to acclimatize. 

Above: Fish acclimatizing to a new environment. Image 
source: https://reefs.com/2015/01/05/not-acclimate/
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Impacts of warming water on oceanic species are most likely to be detected as changes in 
distribution….the overall rate of predicted habitat movement for the suite of pelagic species 
averaged approximately 40 km/decade.

Hobday, A.J. (2010). Ensemble analysis of the future distribution of large pelagic fishes off Australia. Progress in Oceanography. Volume 86, Issues 1–2, July–August 2010, Pages 
291-301. Accessed 2019 from: https://doi.org/10.1016/j.pocean.2010.04.023

Move away – measured as distribu(on

I am outa here!
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Fish are moving south to cooler waters

Above: From 1970 to 2006, as open ocean temperatures were rising, catch composition in the sub-tropic and temperate areas slowly changed to include more warm-
water species and fewer cold-water species. Graphic by The Pew Charitable Trusts. Source: http://qa1.seaaroundus.org/tag/climate-change/

• More warm water species and fewer cold-water species were 
caught by Fisheries in cooler sub-tropical and temperate waters
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Invasion to, and extinction from, an area is collectively called 
‘species turnover’

Above: From 1970 to 2006, as open ocean temperatures were rising, catch composition in the sub-tropic and temperate areas 
slowly changed to include more warm-water species and fewer cold-water species. Graphic by The Pew Charitable Trusts. Source: 
http://qa1.seaaroundus.org/tag/climate-change/
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Leaving the tropics  

Above: From 1970 to 1980, the catch composi8on in tropical waters changed and then stabilised, likely because there are no species with high enough temperature 
preferences to replace those that declined. Graphic by The Pew Charitable Trusts. Source: hHp://qa1.seaaroundus.org/tag/climate-change/

Less fish were caught by fisheries in the tropics between 1970 and 1980. 
Similar changes to catch compositions are predicted for the future. 
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Free real-estate! 

But, who wants to (or can) live here when it gets really hot?

Above: From 1970 to 1980, the catch composition in tropical waters changed and then stabilised, likely because there are no species with high 
enough temperature preferences to replace those that declined. Graphic by The Pew Charitable Trusts. Source: 
http://qa1.seaaroundus.org/tag/climate-change/
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Note: initially, when temperatures rise, fish metabolic rates speed up. 

Above: thermal performance curve. Image source: https://www.fondriest.com/environmental-
measurements/parameters/water-quality/water-temperature/

M
et

ab
ol

ic 
ra

te

Temperature

Metabolic rate: energy (calorie) 
expenditure over time; for processes 

such as circulation, breathing, 
movement, reproduction and growth.
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But when it gets too warm and temperatures exceed 
the thermal thresholds of ectothermic animals, such 
as fishes,  their metabolisms slow down. 

Above: thermal performance curve. Image source: https://www.fondriest.com/environmental-
measurements/parameters/water-quality/water-temperature/
Above: thermal performance curve. Image source: https://www.fondriest.com/environmental-
measurements/parameters/water-quality/water-temperature/

M
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ic 
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te

Temperature

Ectotherm: organisms that control 
their body temperature through 
external means (as opposed to 
warm-blooded endotherms)
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Above: thermal performance curve. Image source: h7ps://www.fondriest.com/environmental-
measurements/parameters/water-quality/water-temperature/
Above: thermal performance curve. Image source: https://www.fondriest.com/environmental-
measurements/parameters/water-quality/water-temperature/
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Temperature

That slows down their reproduction and growth rates, 
movements and behaviors and consequently their fitness 
and survival. They get ‘sluggish’
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To make matters worse, there is less oxygen in warmer water. Which means even less energy to 
swim, forage, evade predators or relocate.

Above: low and declining oxygen levels in the open ocean and coastal waters. The global map indicates coastal sites where anthropogenic nutrients have exacerbated or 
caused O2 declines to <2 mg liter−1 (<63 μmol liter−1) (red dots), as well as ocean oxygen-minimum zones at 300 m of depth (blue shaded regions). Map created from data 
provided by R. Diaz, updated by members of the GO2NE network, and downloaded from the World Ocean Atlas 2009. Image source: Brietburg, D. et al., (2018). Declining 
oxygen in the global ocean and coastal waters. Science. Vol. 359, Issue 6371. Accessed 2019 from: https://science.sciencemag.org/content/359/6371/eaam7240
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Shelford’s law of tolerance

Copyright Bob Moffa0.  May be used under Crea7ve Commons CC 4.0 BY-NC-SA

Remember this 
from Unit 2, 

Topic 1 (T053)?Many tropical species are already living close to their upper 
limit of tolerance
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Image source: Tuff, Kika & Tuff, Ty & Davies, K. (2016). A framework for integrating thermal biology into 
fragmentation research. Ecology letters. 19. 10.1111/ele.12579. Accessed 2019 
from:https://www.researchgate.net/publication/295251535_A_framework_for_integrating_thermal_biology_into
_fragmentation_researchCreative Commons Attribution-No Derivatives 4.0 International

Specialist vs generalist

Specialists will 
not cope as well 

as generalists

In the diagram below curves represent cold-tolerant species (blue), warm-tolerant species (red), 
thermal specialist species (purple), and thermal generalist species (black) and a generic reference 
curve (dashed grey) for comparison. 
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Eurythermic vs stenothermic
• Tolerance level can be broad (‘eury-’) or narrow (‘steno-’) 

Above: Different fish have different ranges of tolerance. Those with a narrow range of tolerance 
to temperature are called eurythermic. Those with a broad range of tolerance to temperature 
are called stenothermic. 
Image source: http://www.fiercereptiles.org/Teaching/BIOL3072/Lectures/04/P04.html (Slide 3)

Stenothermic 
organisms will 

not cope as well 
as eurythermic

organisms
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Above: After analyzing the biological characteristics of 1,074 marine fish and shellfish, the study (cited above) identified 294 species that are 
most at-risk due to climate change by 2050. Image source: https://phys.org/news/2017-09-marine-species-vulnerable-climate.html
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http://www.redmap.org.au

Red map: citizen science 
initiative

Send in your fish photos to 
redmap!

Over time, Redmap will use this
‘citizen science’ data to map which
Australian marine species may be
extending their distribution range –
a.k.a moving house - in response to
changes in the marine environment,
such as ocean warming.

Redmap stands for Range Extension Database and 
Mapping project. This project invites Australians 
to share sightings of marine species that are 
‘uncommon’ to their local seas. 
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Above: Conceptual model describing the responses of fish physiological systems to climate change and ecological responses that can be 
measured. Image Source: James E. Whitney, Robert Al-Chokhachy, David B. Bunnell, Colleen A. Caldwell, Steven J. Cooke, Erika J. Eliason, 
Mark Rogers, Abigail J. Lynch & Craig P. Paukert (2016). Physiological Basis of Climate Change Impacts on North American Inland Fishes,
Fisheries, 41:7, 332-345, DOI: 10.1080/03632415.2016.1186656  Accessed 2019 from: http://erikaeliason.com/wp-
content/uploads/Erika_Publications/Whitney%20et%20al%202016%20Fisheries.pdf 

This syllabus statement focused mainly on temperature and distribution. 
However, you may be interested in exploring the others (below) in more detail too?

Environmental, 
Social and 
Economic 
Responses?

Further study
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Select a fish that is a keystone species (e.g. skipjack tuna) and tell the class 
how it will be effected by climate change as a story 

1. What is its name?
2. Where does it live?
3. What does it eat?
4. Who are its predators?
5. What is its life history? (r selected, K selected, etc.)
6. What is its tolerance to thermal regimes? (stenothermic, eurythermic, 

generalist, specialist, etc.)
7. How will it cope with warming waters?
8. What will be the consequences?

Suggested activity: tell a ‘fishy’ story
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T139 Fisheries management 
case study

Gail Riches
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Syllabus statement
At the end of this topic you should be able to ... 

Compare

a case study of a fish population in decline with a case study of a fish population that 
is in recovery in relation to fisheries management practices
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Compare

• display recogni/on of similari/es and differences and recognise the 
significance of these similari/es and differences
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Objective

• Understand that fisheries management is about managing people, not fish

• Understand what causes the Tragedy of the Commons

• List factors that contribute to the decline of a fishery

• List factors that contribute to the recovery of a fishery
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The decline of Atlantic cod 
Gadus morhua

The recovery of Coral trout 
Plectropomus leopardus

Case studies for comparison

Image Source: 
https://www.fisheries.noaa.gov/species/atlantic-
cod#overview By Richard Ling from NSW, Australia - Coral Trout, CC BY-SA 2.0, 

https://commons.wikimedia.org/w/index.php?curid=3155177
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Fisheries management
“Fisheries management is about managing people, not fish stocks”

Attribution: https://www.youtube.com/watch?v=zQYLVFlnAEI

• Fisheries management is 
just as much a social 
science as it is a 
biological one.

• Measures put in place to 
manage a fishery are 
about managing people, 
not fish.

King, M. (2007). Fisheries Biology, Assessment and Management. Blackwell Publishing. Victoria Australia. Preface Page xii.
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Conservation of resources was vital 
to the survival of the Hawaiian 
people.  Overfishing by one 
generation could cause starvation by 
the next.  

Complex and rigid systems of 
regulation were developed based on 
experience and observation.  

Violating a state fishing regulation 
today may cost the offender a few 
thousand dollars.  

In old Hawaii the cost sometimes 
was execution.

There are and have been many cultural differences associated with fisheries management.

Photo taken Bob Moffatt. Copyright Bishop Museum Oahu 1985
https://www.gohawaii.com/islands/oahu/regions/honolulu/bishop-museum
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In London in 1882…

“I believe that the cod fishery, the herring fishery, 
pilchard fishery, the mackerel fishery, and 
probably all the great sea fisheries are 
inexhaustible: that is to say that nothing we do 
seriously affects the numbers of fish. 

And any attempt to regulate these fisheries 
seems consequently, from the nature of the case, 
to be useless”. 

Attribution: https://mathcs.clarku.edu/huxley/SM5/fish.html

In an inaugural address to a Fisheries exhibition, 
Thomas. H. Huxley, said..
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Above: Ramsgate Sailing Trawler. Accessed 2019 from: https://thanetonline.blogspot.com/2013/09/ramsgate-sailing-trawler.html

The words of Thomas M. Huxley in 1883 may seem naïve to us today. 
However back then, fishing boats s"ll used sails, there were no large internaLonal fishing 
fleets, and the world popula"on was less than one third of what it is today. 

Ramsgate sailing 
trawler
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Fishing in the 1800s

RIght: In 1876, Gloucester businesses were all about selling fish and 
ou<i=ng fishermen. Courtesy of Smithsonian InsDtuDon Libraries. Image 
source: hFps://americanhistory.si.edu/onthewater/exhibiDon/3_4.html

Above: This hand-line—a reel with fishing line, a sinker, and 
hooks—was the type used in the 1880s. Image source: 
https://americanhistory.si.edu/onthewater/exhibition/3_4.html

Hand line 1880s
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Above: Gloucester fishermen unload, cull, weigh, and cart away Grand Bank cod at the wharf of Parmenter, Rice & 
Co., in Gloucester, 1882. Image source: https://americanhistory.si.edu/onthewater/exhibition/3_4.html
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The story of the decline of Atlantic 

cod (Gadus morhua)

Image Source: h:ps://www.fisheries.noaa.gov/species/atlanAc-cod#overviewAbove: Distribution Map. Image Source: https://en.wikipedia.org/wiki/Atlantic_cod

Case study 1
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Atlan&c cod, juvenile.
Copyright Hans Hillewaert CC BY-SA 4.0, 
hAps://commons.wikimedia.org/w/index.php?curid=22381117
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Atlantic cod are a fine eating fish for European markets making them a target species.

Atlantic cod fillets
Foto: Jonn Leffmann [CC BY 3.0 (https://creativecommons.org/licenses/by/3.0)], from Wikimedia Commons

https://upload.wikimedia.org/wikipedia/commons/2/27/Torskfil%C3%A9_%28Gadus_morhua%29_-_Ystad-2017.jpg
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However Atlantic cod 
stocks were severely 
over-exploited in the 
1970s and 1980s, 
leading to their abrupt 
collapse in 1992. 

Atlantic cod collapse graph
By Lamiot - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=10648302

From T041
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This collapse resulted in a >95% of reduction in biomass and have failed to fully recover 
even with the cessation of fishing. 

This absence of the apex predator has led to what is called a biodiversity trophic cascade 
in many ocean areas.

Atlantic cod range
By I, Aotearoa, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=2245573
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Tragedy of the 
commons (when 
open access)

Image Courtesy of Vivify. Accessed 2019 from: https://blogs.ntu.edu.sg/hp3203-2017-29/tragedy-of-the-
commons/
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The tragedy is

Reference

https://en.wikipedia.org/wiki/Tragedy_of_the_commons

where a situation in a shared-resource system where 
individual users, acting independently according to 
their own self-interest, behave contrary to the 
common good of all users, by depleting or spoiling 
that resource through their collective action.

Image 
h;p://seafoodhaccp.cornell.
edu/blackboard/module7/in
dex.html
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Watch video 
https://www.youtube.com/watch?v=Z4AXnZOsrK8&list=PLBfu1mD9hk
66c1Q23AOAAhCvkVLC2XZKm

hNps://www.youtube.com/watch?v=Z4AXnZOsrK8&list=PLBfu1mD9hk66c1Q23AOAAhCvkVLC2XZKm Page 610



Improvements to equipment and technology (sounders, navigation gear, etc.) 
made it easier to find and catch the fish

Above: In 1948, a device for detecting fish underwater was developed in Nagasaki, 
Japan. The Furuno brothers, Kiyotaka and Kiyokata, the owners of a small marine 
electrical company in a small port of Japan, developed this amazing new technology.
Image source: https://www.furuno.com/special/en/fishfinder/

Above: A fish finder works by transmitting ultrasonic waves into the seabed and 
receiving its reflection. Image source: http://blog.dynamicelements.co.za/?p=67

The Furuno brothers – invented the first fish 
finder in 1948!

How a fish finder (‘sounder’) works…

Technology
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The arrival of large factory trawlers in the late 50’s meant fishers were able to 
harvest cod offshore in winter months and fish new areas. 

Large catch amounts by factory trawlers caused an overestimation of stock. 

Above: Newspaper arAcle published on June 30, 1962 showing great concern. 
Image source: hJps://archive.macleans.ca/arAcle/1962/6/30/the-soviets-floaAng-city-in-our-atlanAc-waters 

Large factory trawlers
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Increased bycatch amounts included prey species of the cod – capelin 

Above: Catch amounts (landings) and Total Allowable Catch (TAC) of Capelin (Mallotus villosus). Image source: https://www.fishsource.org/stock_page/1830

Prey in bycatch – an issue
Bycatch: the part of the 
catch which is taken by 
mistake and discarded
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The story of the recovery of Coral Trout 

(Plectropomus leopardus) 

Above: Coral Trout (Plectropomus leopardus) live to approximately 17 years to a maximum fork length of approximately 80cm. Maturity at 

approximately 28cm (female). The species is protogynous hermaphrodites (born female and become male), with sex change occurring around 

50cm FL (https://fish.gov.au/2012-Reports/CORAL_TROUTS). Image source: http://rules.fish.wa.gov.au/Species/Index/72

Case study 2
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Watch video (35 seconds)

https://www.youtube.com/watch?v=eR0S9pyeZuE

https://www.youtube.com/watch?v=eR0S9pyeZuE Page 615



http://era.daf.qld.gov.au/id/eprint/4547/1/C
oralTroutStockAssessment2014.pdf

The following 3 slides feature 
informaEon and illustraEons from 
this publicaEon
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Most of our coral trout is sold in restaurants in Asia.
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Cyclones have had big effects on the fishery.

The fishery began 
approximately 1950
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• Areas closed to fishing (from rezoning
the GBR marine park) increased from 
approximately 5% to 33%

• The total allowable commercial catch 
for the fishery was reduced to 1370t 
(later reduced to 1288t by buy-outs and 
Individual Transferable Quotas)

• 9th October 2004 was the first 8-day 
coral trout spawning closure. 

• Fishery closures around the new moon 
in October, November and December 
occurred each year 2004-2008. 

• From 2009 onwards these were 
reduced to 5-day closures in October 
and November only.

Total Allowable Catch 
(TAC): The total 
allowable fish catch or 
fishing effort allowed in 
a fishery for a particular 
species or stock over a 
fishing season

Quota: The 
allocation of a 
share of the 
fish catch or 
fishing effort 
allowed in a 
fishery

Individual Transferable Quotas 
(ITQs) give fishers permission to 
catch a certain percentage of 
the TAC. They are transferrable 
(can be leased or sold) hence 
the word ‘transferable’ in the 
name.

Fishery restructure (2004)

Above: Definitions for TAC, TACC, Quotas and ITQs  Image source: https://socratic.org/questions/how-
can-itqs-help-address-the-tragedy-of-the-commons-in-global-fisheries
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Above: Sustainable Fisheries Strategy 2017-2027. Department of Agriculture and Fisheries. 
Image source: hBps://qsia.com.au/content/uploads/2018/03/CRFFF-Discussion-Paper.pdf

Input and output controls Input controls: Limitations 
on the amount of fishing 
effort or restrictions on 
the number, type and size 
of fishing vessels or fishing 
gear in a fishery 

• Fishers must hold an endorsed commercial fishing licence

Output controls: 
Limitations on the weight 
of the catch (e.g. quota), 
or the allowable size, sex, 
or reproductive condition 
of individuals in the catch. 
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Input and output controls
• Maximum vessels size 20m.
• Gear controls, such as it’s Illegal to spear using SCUBA

“The current maximum commercial vessel 
size of 20 m. was established in the 1990s 
and was a primary effort input 
management mechanism in place at the 
time. Now (2017) that TAC is the primary 
commercial fishery management tool, 
restrictions on commercial primary vessel 
length has limited relevance”.

Above and Right: Sustainable Fisheries Strategy 2017-2027. Department of Agriculture and Fisheries. 
Image source: hNps://qsia.com.au/content/uploads/2018/03/CRFFF-Discussion-Paper.pdf

Department of Agriculture and Fisheries (2017) 

“The commercial sector remain frustrated 
and very concerned for the need to 
maintain the requirement for tenders to 
operate within 5nm of the primary vessel 
with active vessel tracking, despite 
repeated requests from industry for it be 
removed”.
The Coral Reef Fin Fish Working Group members. 
https://www.daf.qld.gov.au/business-
priorities/fisheries/sustainable/sustainable-fisheries-
strategy/fishery-working-groups/-coral-reef-fin-fish-fishery-working-
group/communiques/communique-20-21-march-2019 

Note: as of 2017 and 
subject to change
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Input and output controls

Above: Sustainable Fisheries Strategy 2017-2027. Department of Agriculture and Fisheries. 
Image source: https://qsia.com.au/content/uploads/2018/03/CRFFF-Discussion-Paper.pdf

Note: as of 2017 and 
subject to change

• seasonal spawning closures
• maximum size limit 38cm
• filleNng permits required 
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“The Fishery is also subject to restrictions on areas in which it can operate through zoning 
declared under GBRMP and Queensland Marine Parks Zoning Plan limits on operational areas”

Marine park zoning

Tanzer, John. Executive Director GBRMPA (2006). Lessons learned from 30 years of managing the Great Barrier Reef Marine Park. Marine Conservation Conference, Stralsund. 

Accessed 2019 from: https://portal.helcom.fi/Archive/Shared%20Documents/HABITAT%208-2006-Tanzer-Lesson%20learnt%20GBRMP_Stralsund_April06-2006-05-11.pdf

Before A0er

Qld Coral Reef Fin Fishery Report 2017. Accessed 2019 from: http://whichfish.com.au/wp-

content/uploads/sites/4/2018/02/FRDC-SRA-QCRFFF-Feb-2018-final.pdf
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Marine park design
Marine park designs enable connec1vity and species replenishment.

Above: Dispersal of coral trout larvae from no-take marine reserves (green zones) to areas open to fishing (blue zones) at the Keppel Islands, 
as identified from parentage analysis. Accessed 2019 from: https://eatlas.org.au/media/66

YES!
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Image source: https://qsia.com.au/content/uploads/2018/03/CRFFF-Discussion-Paper.pdf

Current point of discussion 
• Smaller scale spa3al management regimes 

(e.g. instead of managing the Fishery as one large area, divide it into smaller secGons)
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Great book!
Fisheries Biology, Assessment and Management
By: 
Michael King

h8ps://www.booktopia.com.au/fisheries-biology-assessment-and-
management-michael-king/book/9781405158312.html

h8ps://onlinelibrary.wiley.com/doi/book/10.1002/9781118688038
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T140 Lincoln index

Gail Riches
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Syllabus statement
At the end of this topic you should be able to ... 

Interpret

fish population data using the Lincoln index (capture–recapture method) and identify 
the reliability of this data to inform fisheries management decision-making on quota 
and total allowable catch
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Interpret (e.g. meaning) 

• use knowledge and understanding to recognise trends and draw 
conclusions from given information; 

• make clear or explicit; elucidate or understand in a particular way;  bring 
out the meaning of, e.g. a dramatic or musical work, by performance or 
execution; 

• bring out the meaning of an artwork by artistic representation or  
performance; give one's own interpretation of;  

• identify or draw meaning from, or give meaning to, information presented 
in various forms, such as words, symbols, pictures or graphs
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Objective
• Interpret fish population data using a 

model of the Lincoln index (capture–
recapture method) 

• Recall the definitions for quota and total 
allowable catch

• Recall the assumptions made when using 
the Lincoln Index (capture-recapture 
method)

• Assess the reliability of data collected 
using the Lincoln Index (capture-recapture 
method)

Image source: https://thefisheriesblog.com/2014/08/25/how-many-fish-are-in-the-sea/
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Estimating the size of a population 
Measuring the exact size of a population is not easy to do!

Quite often, we estimate the size of a population instead. 

• We count the number of individuals in smaller samples of the population, 
and then use a math formula to convert it to total population size.

• Once we know the population size, we can conduct a stock assessment 
that will inform management decisions, such as setting catch limits and 
quotas etc. 

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA Page 632



Sampling techniques and equipment
There are many different methods used to estimate the size of a population
• The capture-recapture and Lincoln Index method is used to measure the size of a population 

of fish by tagging the fish.

Above: Sampling techniques and equipment. Image source: Riches, Gail (2018). Year 11 Marine Science Workbook. Page 65.  
www.marineeducation.com.au
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Tags

Figure 1: Conventional tags are essentially fish identification tags. These take 
many forms and may consist of a long piece of plastic tubing, a disc, or small 
coded wire. Generally they contain a unique number, identifying the individual 
fish as well as contact information from the sponsoring organization. They can 
be secured with a plastic or stainless steel dart or may be inserted under the 
skin entirely. Image source: https://pier.org/op_tags_conventional.php

A wide variety of tags are available. Tag choice depends on the objective, target species, etc.
• Tags commonly used to estimate population size using the Lincoln Index (capture-recapture) 

method includes conventional ID tags or unique markings on the fish. 
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Conventional ID tags, attachment sites and limitations

Figure 1: Principal types of external fish tags and attachment sites (redrawn from McFarlane et al., 1990). 
Image source: http://nosb.org/wp-content/uploads/2010/11/Manual-on-Fish-Tagging.pdf

Limitations of tags 
attached externally

• May affect growth, 
health and survival

• May also affect 
behaviour and 
swimming/hiding 
performance

• Fouling of tags

• Tag entanglement in 
aquatic vegetation 
and fishing gear

• Tag loss
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Image source: https://www.flickr.com/photos/idfg/10717473476

I think I’ve 
been tagged!
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Tags can be attached externally or internally

Above: Visible implant tags are internally implanted under clear or transparent tissue but they remain 
externally visible. Image source: https://www.nmt.us/visible-implant-tags/

Limitations of tags 
attached internally

• Expensive

• Expertise required
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Unique markings on the animal can also be used as tags 

Photo courtesy Whale Watching Byron Bay. 
Image source: https://ratty.com.au/whale-tails-aid-research/ 

“Ratty”

Fluke Matcher. Image source: https://www.scu.edu.au/marine-ecology-research-
centre/whales-and-dolphins/whale-and-dolphin-research/fluke-matcher/

Every tail of a Humpback whale is different. Thus, the markings on the tail act as the ‘tag’. 
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Every belly of a Manta ray is different. 
• Thus, the markings on the belly act as the ‘tag’. 

Image by Bartek.cieslak at pl.wikipedia, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=7786004

Image:  Below H20 Reproduced with permission.
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Every side of a Grey Nurse Shark is different. Thus, the markings on one side act as the ‘tag’. 

Image source: https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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Which tag to use?
Objective?
• Abundance
• Animal tracking
• Growth, breeding, mortality, 
• Distribution 
• Conservation 

Target Individual/population?
• Is tag appropriate?

Considerations?
• Expense
• Logistics
• Bias
• Sub-lethal effects
• Ethics

A popular method used to estimate 
fish abundance is the Lincoln Index 
(capture-recapture method)
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Measuring the size of a population (stock) 

• In fisheries biology, sometimes the word ‘stock’ is used instead of ‘population’. 

• A population is a group of individuals belonging to the same species in the same 
place at the same time.

• A stock is a distinct, reproductively isolated population which exists within a 
defined spatial range.

• It is more usual to state the size of a population using the terms stock size or 
population density (size/area)

• Population density can be measured as absolute density or relative density

• Absolute density can be measured using various techniques, including the
Lincoln Index (capture-recapture method).
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Lincoln index (capture-recapture method)
• First, catch a bunch of fish, tag them, let 

them go again (hope they don’t die), wait 
for them to swim about and mix in with the 
other fish, before catching some more 
(using the same unit of effort as before) 
and counting how many are tagged. 

• Then apply a simple formula (N=Mn/m) to 
estimate the size of the stock. This is the 
Lincoln Index part.

• The assumption is that the ratio of tagged 
fish (M) in the population (N) is equal to the 
ratio of recaptured tagged fish (m) in the 
second catch (n). Whereby, M/N=m/n is 
rearranged to become N=Mn/m. 
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Step 2
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Step 3
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Step 4
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Step 4 ans
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[1] Image source: Riches, Gail (2018). Year 12 Marine Science Workbook. Marine Education. 
[2] Adapted from: King, M., Blanc, M., Desurmont, A., Sharp, M. and Barre, C. (2014). Guide to Teachers’ Resource Sheets on Fisheries for the Cook Islands. Secretariat of the 
Pacific Community. Accessed 2019 from: https://spccfpstore1.blob.core.windows.net/digitallibrary-docs/files/c7/c7833cd36d50fd6307e0606fbc022591.pdf?sv=2015-12-
11&sr=b&sig=xdr0f5ErSg2suEYWqyWiGsZ5MQ6h3g4tRL%2BY6llDSMw%3D&se=2020-04-17T02%3A43%3A45Z&sp=r&rscc=public%2C%20max-age%3D864000%2C%20max-
stale%3D86400&rsct=application%2Fpdf&rscd=inline%3B%20filename%3D%22Anon_14_00-teachers-resource-kit-on-fisheries-for-the-cook-islands.pdf%22  

In summary
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Recall the following definitions

Stock Assessment: Quantitative studies that lead to predictions of how stocks will 
respond under various management actions

Total Allowable Catch (TAC): The total allowable fish catch or fishing effort allowed in a 
fishery for a particular species or stock over a fishing season

Total Allowable Commercial Catch (TACC): The total allowable fish catch or fishing 
effort that the commercial sector is allowed for a particular species or stock over a 
fishing season

Quota: The allocation of a share of the fish catch or fishing effort allowed in a fishery 

Individual Transferable Quota (ITQ): quotas that give fishers permission to catch a 
certain percentage of the TAC or TACC. They are transferrable (can be leased or sold) 
hence the word ‘transferable’ in the name.
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A stock assessment

A stock assessment informs management 
decisions, such as setting total allowable 
catch limits and quotas etc. 

But….

Do we ever really know the exact size of the 
stock?  Rarely!

Plus, stock assessments cost money!

By Gordon Firestein - Seacology USA, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=22766988
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The precautionary principle
Therefore, 

When there is not enough scientific data to know 
with confidence the outcome of a decision, the 
precautionary principle applies. 

Aspects of fisheries management that apply the 
precautionary principle could include bycatch 
reduction devices, closures, marine protected 
areas, licensing, gear restrictions, protected 
species, size limits, bag limits. 

Then, we need to make sure people comply with 
the rules!!!!

https://www.fish.wa.gov.au/Fishing-and-Aquaculture/Recreational-
Fishing/Recreational-Fishing-Rules/Bag_And_Size_Limits/Pages/default.aspx

Example
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Activity: Model the Lincoln index (capture-recapture)

You will need:

• Bundle of paper

• Scissors (optional) 

• Marker Pen

• Box with a lid (e.g. shoe box, tissue box, reflex paper box). 
Can also improvise with a hat?

• Timing device (watch, phone, stopwatch, etc.)
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Step 1: 
• Take a small unknown quantity of A4 paper 

(not too much – we want to save trees!). 

Image source: https://www.jetpens.com/Tomoe-River-52-gsm-Paper-Pad-A4-Blank-White-100-Sheets/pd/23140
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Step 2: 
• Use the scissors to cut them into small squares of equal size.

(if you don’t have scissors, simply tear them) 
• Put them in a box and close the lid. 
• Shake the box.

Image source: https://global.rakuten.com/en/store/marusou/item/taka37-7906/Image source: https://www.wikihow.com/Cut-Foam-Board
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Step 3 (first catch): 
• Ask a student to put their hand in the box and pull out a single 

piece of paper, one by one. 
• Stop after 20 seconds.
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Step 4 (tagging): 
• Ask the student to mark every piece of paper they pulled out of the box.
• This is the ‘tagging’ process.

x
x

x

x x
Page 657



Step 5: 
• Count the number of marked pieces of paper. 
• This is the value for ‘M’. 

x
x

x

x x

M=5
For example
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Step 6 (releasing the first catch): 
• Return all marked pieces of paper back into the box. 
• Shake the box.

Image source: https://global.rakuten.com/en/store/marusou/item/taka37-7906/

x x x x x
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Step 7 (second catch): 
• Repeat Step 3 (i.e.) ask a student to put their hand in the box and pull 

out a single piece of paper, one by one. Again, stop after 20 seconds.
• Do not peak in the box to see which piece of paper to choose!

x

x
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Step 8: 
• Count the number of pieces of paper the student pulled out of the box.
• This is the value for ‘n’.

x

x

n=4
For example
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Step 9: 
• Count the number of MARKED pieces of paper the student pulled 

out of the box. 
• This is the value for ‘m’.

x

x

m=2
For example
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Step 10: 
• Apply the formula: Population size (N) = M x n / m to estimate population 

size (total number of squares in the box at the start)

N = M x n / m
N = 

For example

M 5
n 4
m 2
N

Page 663



Step 10: 
• Apply the formula: Population size (N) = M x n / m to estimate population 

size (total number of squares in the box at the start)

N = M x n / m
N = 5 x 4 / 2
N = 

For example

M 5
n 4
m 2
N
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Step 10: 
• Apply the formula: Population size (N) = M x n / m to estimate population 

size (total number of squares in the box at the start)

N = M x n / m
N = 5 x 4 / 2
N = 10

For example

M 5
n 4
m 2
N

Population size estimate!
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Step 11: 
• Count the total number of squares in the box. 
• How close was your population size estimate?! 

For example, 

Was there 10?
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How would you rate the reliability of this method if you had to use it 
to inform fisheries management decision-making on quota and total 
allowable catch?

This method assumes that a fish that is tagged has an equal 
chance of being caught as all the other fish

But….

• Marking or capturing the animal might change its behaviour to avoid recapture

• The tag may affect the health and survival of the fish

• The tag may also affect behaviour and swimming/hiding performance of the fish 

• Trapping might cause the fish to avoid traps in the future, or, choose to be trapped to 
get food (called ‘trap happy’)!

• The tag might fall off or become fouled or entangled
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Assumptions made when using the Lincoln Index 
(capture-recapture method)

• A fish that is tagged has an equal chance of being caught as all 
the other fish

• Tagging does not affect survival

• Tagging does not affect the probability of recapture

• There is no migration

• Tagged fish mix randomly with untagged fish
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Want to get involved?

https://mantawatch.com/site/

https://www.reefcheckaustralia.o
rg/grey_nurse_shark_watch

Image source: https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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T141 Reliability of fisheries 
data

Gail Riches
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Syllabus statement
At the end of this topic you should be able to ... 

Identify 

the factors (e.g. sampling techniques, fish behaviour, temporal and spatial movement, 
life history) that determine the reliability of fisheries population data and consider the 
limitations of these factors
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Identify

- distinguish; 
- locate, recognise and name; 
- establish or indicate who or what someone or something is; 
- provide an answer from a number of possibilities; 
- recognise and state a distinguishing factor or feature
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Objective

• Understand that data is collected from fishers, scientists and markets 
to measure a population for a stock assessment

• Understand that every method used to collect data has its limitations

• Discuss the limitations of each of the factors that determine the 
reliability of fisheries population data (e.g. sampling techniques, fish 
behaviour, temporal and spatial movement, life history) 
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Reliability – what does it mean exactly?

Above: the difference between reliability and accuracy.  
Copyright Wet Paper, May be used under Creative Commons CC 4.0 BY-NC-SA 

• Reliability (precision) is the likeliness someone repeating the measurement will get 
the same result. 

• An experiment is considered reliable (precise) if there was lots of measurements 
(measuring the same thing) and they all produced the same (or similar) result.

• Note: CAUTION…it is possible to have a reliable experiment that is not accurate!

Q. Will I get the same (or similar) 
values if the measurements are 
repeated?

Yes: Reliable
No: Unreliable
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Factors that determine the reliability of fisheries 
population data

• Sampling techniques

• Fish behaviour

• Temporal and spatial movement

• Life history
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Factors that determine the reliability of fisheries 
population data

•Sampling techniques
• Fish behaviour

• Temporal and spatial movement

• Life history
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Data from Scientists

Data from Fishers

Data from the Market Place 

• Log books (including catch per unit effort or CPUE)
• e-monitoring (e.g. mandatory cameras on board)
• Vessel monitoring systems (usually mandatory)
• Catch disposal records
• Survey data (telephone, portside, etc.)

• On-board sampling (e.g. capture-recapture method, 
underwater visual census, acoustic method, egg 
production methods, depletion method).

• Portside sampling (e.g. otoliths, fish frames)

Stock 
assessment

Definition: Quantitative studies 
that lead to predictions of how 

stocks will respond under various 
management actions

• Supply and Demand

Sampling techniques
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Catch per unit effort (CPUE)

• Fishers record in their log books how many fish were caught, what gear was used, and 
how much effort it took for the fishers to catch those fish (e.g. time spent fishing). 

• That information gives a ‘catch rate’, or CPUE (catch per unit effort), which is then used to 
estimate the relative abundance of the unit stock (to see how it changes over time).

• For example, if less fish are caught this year compared to last year (per same unit of 
effort) there must be less fish in the sea, right?! 

• Importantly, because different fishers have different ways of fishing, the data is 
standardised before it is analysed for identifying any trends and patterns (thus improving 
the reliability)

Fishing vessel log book catch data
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Watch video

https://www.youtube.com/watch?v=yLXEYWZnUgA
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e-monitoring 

Reference1
https://www.afma.gov.au/monitoring-enforcement/electronic-monitoring-program

Electronic monitoring (e-monitoring) is a system of video cameras and sensors capable of 
monitoring and recording fishing activities, which can be reviewed later to verify what fishers 
report in their fishing logbooks.1
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Vessel monitoring systems (VMS)
• Fishing boats are likely to be located where there’s fish!

• Each vessel carries a combined GPS/VMS transceiver which receives data from GPS 
satellites and transmits this position to shore at regular intervals. Along with position, 
information on vessel speed, heading and catch reports can also be transmitted.

Image source: https://www.marineinsight.com/marine-navigation/vessel-
monitoring-system-ship-tracking-with-a-difference/
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Check out website: Global fishing watch
https://globalfishingwatch.org/

Imagery Copyright Google, NASA, INEGI, Terrametrics.  See terms EEZs marineregions.org https://www.protectedplanet.com.au Page 683
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You will study e-monitoring more in T153 Spatial zoning fish management.
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Catch disposal records
Global distributions of bycatch records of leatherback turtles (Dermochelys coriacea) in 

relation to their respective regional management units (RMUs; Wallace et al. 2010b).

Image source: Wallace, B.P. (2013). Impacts of fisheries bycatch on marine turtle populations worldwide: Toward conservation and research priorities. Ecosphere 4(3):40. 

https://www.researchgate.net/publication/241276340_Impacts_of_fisheries_bycatch_on_marine_turtle_populations_worldwide_Toward_conservation_and_research_priorities
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Survey data
Recreational Fishing Telephone Survey 

Image source: https://www.daf.qld.gov.au/business-priorities/fisheries/monitoring-
compliance/monitoring-reporting/recreational-fishing/statewide-recreational-fishing-surveys

Q. Would you consider a 
telephone survey of almost 
943,000 recreational 
fishers in Queensland 
repeated over multiple 
years as reliable?
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Above: Boat ramp survey data at Scarborough Harbour Boat Ramp 2018. Image source: 
https://www.daf.qld.gov.au/__data/assets/pdf_file/0003/1447158/boat-ramp-survey-summaries-2018-southern-qld.pdf. 
Reproduced with permission.

Recreational fishing boat ramp survey

Q. What 
about this 
boat ramp 
survey? Is 
it reliable?
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Data from scientists

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 

• On-board sampling (e.g. capture-recapture method, 
underwater visual census, acoustic method, egg 
production methods, depletion method).

• Portside sampling (e.g. otoliths, fish frames)

• Even the best scientists 
can not escape bias

• Bias distort the results

• Data is more reliable 
when the bias is the 
same across all 
conditions being 
investigated

Q. Name one 
potential form 
of bias in the 
picture left.

Suggested answer: Human error –Therefore, use the same person 
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Lincoln index (capture-recapture method)

By Eric Engbretson for U.S. Fish and Wildlife Service - Public Domain, 
https://commons.wikimedia.org/w/index.php?curid=1397859

• This method assumes that tagging 
does not affect survival, nor the 
probability of recapture. It also 
assumes there is no migration. 

Can you suggest how 
these assumptions 
might affect the 
reliability (and 
accuracy) of fisheries 
population data?

Suggested answer: Over or under-estimation of population size
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Underwater visual census

By Pbsouthwood - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=26475364

“Baited remote 
underwater video (BRUV)” 
is a system used in marine 
biology research. 

By attracting fish into the 
field of view of a remotely 
controlled camera, the 
technique records fish 
diversity, abundance and 
behaviour of species.”1

Reference 1
https://en.wikipedia.org/wiki/Baited_remote_und
erwater_video
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Acoustic methods

Sonar image of white bass feeding frenzy
By Dusty.crockett (talk) - Own work (Original text: I created this work entirely by myself.), Public 
Domain, https://commons.wikimedia.org/w/index.php?curid=18500924
White Bass insert By BenitoJuarez98 - Own work, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.php?curid=37645471

A fishfinder or sounder is an instrument used 
to locate fish underwater by detecting 
reflected pulses of sound energy, as in sonar. 

Fishfinders display measurements of 
reflected sound on a graphical display, 
allowing an operator to interpret information 
to locate schools of fish, underwater debris, 
and the bottom of a body of water.  

Modern electronics allows a high degree of 
integration between the fishfinder system, 
marine radar, compass and GPS navigation 
systems.
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Acoustic methods
Acoustic telemetry uses strategically placed acoustic receivers under the 
water to detect and track tagged animals. 

Image source: https://secoora.org/fact/the-technology/acoustic-telemetry/
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Egg production method

• Measuring the density of eggs in the water at spawning times

• Comparing it to the known fecundity (fertility) of the population

• Requires complex mathematics and only works for a few species

Depletion method
• The removal of individuals from a stock and measuring the resulting decrease in 

relative abundance (usually using CPUE)
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Otoliths (ear bones) help fish orientate themselves and maintain balance, acting 
like our middle ear. Otoliths are composed of a form of calcium carbonate and 
protein which is laid down at different rates throughout a fish's life. This process 
leaves bands (alternating opaque and translucent bands) on the otolith like the 
growth rings in a tree[1].

[1] https://www.daf.qld.gov.au/business-priorities/fisheries/monitoring-compliance/monitoring-
reporting/commercial-fisheries/species-specific/estimated-fish-age.  Reproduced with permission

Portside sampling (otoliths and fish frames)

Counting the annual 
growth bands on the 
otolith reveals the age 
of the fish – which is an 
important piece of 
information for a stock 
assessment.

Like fishing? Donate 
your fish frames to 
science! (keeping the 
head and gut in tact)
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Above: Anthony Fowler removing snapper otoliths to collect biological information. Photo: Copyright Heather Riddell, 
SARDI. Image source and copyright terms: https://www.frdc.com.au/media-publications/fish/FISH-Vol-24-4/Moving-
in-on-Snapper

Scientist removing snapper otoliths to measure the age of the fish. Date of Birth?

Otoliths can also be used 
to verify the age of the fish 
of a given size or mass.
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An otolith class project
http://www.dfo-mpo.gc.ca/science/aah-
saa/otoliths/students/project-eng.html

http://www.dfo-mpo.gc.ca/science/aah-
saa/otoliths/students/removal-prelevement-
eng.html

Otoliths, removal and aging

Copyright Fisheries and Oceans Canada 
Communications Branch

Reproduced under non-commercial terms: 
http://www.dfo-mpo.gc.ca/terms-

conditions-avis-eng.htm
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Data from the market place

Above: Sydney Fish Market. Business for the market begins at 5.30am when seafood buyers arrive to check the day's catch 
before the auction, where 2,700 crates (52 tonnes) are sold per day. Image source and copyright terms: 
https://www.sydney.com/destinations/sydney/sydney-city/pyrmont/food-and-drink/sydney-fish-market

• Supply and Demand

Q. Would sampling a 
market place for just 
one day of trading be  
very reliable? 

No!   Why not?
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Factors that determine the reliability of fisheries 
population data

• Sampling techniques

•Fish behaviour
• Temporal and spatial movement

• Life history
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Schooling

Image Viewfinder.  Reproduced with permission.

Some fish swim in schools, 
while others do not.  

Can you suggest how this 
can affect the the reliability 
of fisheries population data?
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Spawning

Sometimes fish are 
altogether to spawn 
and other times they 
are all spread apart.

Can you suggest how 
this can affect the the 
reliability of fisheries 
population data?

Twinspot snapper (Lutjanus bohar) releasing a cloud of sperm and eggs
Image copyright : Reproduced with permission Tony Wu, www.tony-wu.com
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Watch video
https://www.youtube.com/watch?v=ziSw7Q2gLfU
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Diel migration

Some fish, such as these blackspot seabream 
(Pagellus bogaraveo) extensively migrate up 
and down the water column. These patterns 
are cyclic both in short-term (tidal, diel) as 
well as long term (seasonal) scales[1].  

[1] Figure 1:The circles display the vertical positions of the individual. The horizontal line 
shows the average thermocline/pycnocline position at 120m. Temperature - black line; O2 -
dashed line; salinity - dotted line. 
Source: Afonso, P. et al. (2014). Vertical Migrations of a Deep-Sea Fish and Its Prey. PlosOne. 
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0097884 (open access)

Seabream image source: https://en.wikipedia.org/wiki/Blackspot_seabream

Can you suggest how fish moving up and 
down the water column could impact the 
reliability (and accuracy) of fisheries 
population data?
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Images © Kevin Stockell with permission

More behaviours
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Factors that determine the reliability of fisheries 
population data

• Sampling techniques

• Fish behaviour

•Temporal and spatial movement
• Life history
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Temporal and spatial movement
In very simple terms, 
temporal is anything 
related to time and 
spatial means anything 
related to space.

Above: Atlantic bluefin Tuna (Thannus thynnus) is a highly migratory species. Image source and copyright terms: 
https://oceana.org/marine-life/ocean-fishes/atlantic-bluefin-tuna

Some fish migrate 
long distances (and 
across a wide range 
of depths) at certain 
times of the year.

Can you suggest how 
this can affect the 
reliability of fisheries 
population data?
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Factors that determine the reliability of fisheries 
population data

• Sampling techniques

• Fish behaviour

• Temporal and spatial movement

•Life history
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Life history 

An organism’s life 
history is the series of 
events from birth 
through reproduction 
to death. 

Some key life history 
traits are the age at 
which reproduction 
first occurs, the 
frequency of 
reproduction, the 
number of offspring, 
and the amount of 
parental care given. Above: Sergeant Major eggs. The purple patches go green/brown when they are about 

to hatch. Photograph © Kevin Stokell Reproduced with permission. 

Page 707



r-selected and K-selected life histories

r-selected K-selected

Short life-span Long life-span

Many offspring 
and early 
maturity

Less offspring 
and late 
maturity

Fast population 
growth 

Slow population 
growth

• There is a huge range of different life 
histories among fish. To make sense of 
them all, ecologists have created 
concept models to group them into 
categories. One of those concept models 
is the r-selected and K-selected model. 

• Populations with so-called r-selected life 
history traits produce many offspring 
and grow rapidly in unpredictable 
environments. 

• Populations with K-selected traits raise 
few offspring and maintain relatively 
stable populations. 

• Some species sit somewhere in between 
these two extremes. 
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Fish growth rates

Copyright Bob Moffatt.  May be used under Creative 
Commons CC 4.0 BY-NC-SA 

Q. What age would a dataset
need to be, to reliably measure a 
K-selected species, such as a 
southern bluefin tuna?

• r-selected species: maximum 
population size is controlled by, and 
therefore adapted to, regular density-
independent mortality 

• K-selected species: maximum 
population size is determined by the 
carrying capacity of the environment, 
and therefore by density-dependent 
mortality factors
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Watch video

https://www.youtube.com/watch?v=1IYq9Anqjpk

Q. Could you estimate the size of 
this population by this footage 
alone?

No.

Why not?

Page 710



Limitations of these factors 

• Small sample sizes reduce the reliability of the predicted population

• There may be inconsistencies in reporting from a non-scientific survey

• The very localised collection of data (e.g. data does not represent the 
true size of a migratory population)

• Age of the data set? 

• Small data set means statistical analysis will have low power

From Mock Exam Paper 2 Q.32 answers
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Case study: Southern bluefin tuna (SBT) 
Thunnus maccoyii

Image source: https://www.afma.gov.au/fisheries-management/species/southern-bluefin-tuna.  Reproduced with permission.
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Source: https://www.afma.gov.au/fisheries-management/species/southern-bluefin-tuna

Profile
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Sampling techniques
• Recreational anglers surveyed may not have been targeting SBT.
• Inconsistencies in reporting if from a non-scientific survey method.
• It might be too costly and time consuming, therefore sample size too small.
• Small sample size reduces the reliability of the predicted population.

Fish behaviour and Temporal and spatial movement
• Difficult to count over large areas, across more than one jurisdiction, and when spatial 

variability (both laterally and vertically) is so high.
• Sometimes they are altogether to spawn and other times they are all spread apart.
• Localised collection of data – problematic.

Life history
• Difficult to count how many of the millions of eggs in a spawning event survive to 

become reproducing adults 11-12 years later. 
• Age of the dataset is too small (it is a K-selected species with a long life-span). 

Factors that determine the reliability of SBT population 
data and their limitations
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www.marineeducation.com.au

Page 715



T142 International 
agreements

Gail Riches
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Syllabus statement
At the end of this topic you should be able to ... 

Recognise

an international agreement that is used to manage migratory pelagic species
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Recognise (e.g. features)

• identify or recall particular features of information from knowledge; 
• identify that an item, characteristic or quality exists; 
• perceive as existing or true; be aware of or acknowledge
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Objectives

• Recall how the ‘high seas’ are managed

• Understand what is a Regional Fisheries Management Organisation (RFMO)

• Understand how a RFMO is first established

• Define ‘migratory pelagic species’

• List at least one RFMOs responsible for the management and conservation of tuna

• List at least one convention or treaty that prompted the creation of an RFMO
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How are the high seas managed?

• Almost two thirds of the ocean is High Seas. There are no official laws in the high seas (yet). 
Only international agreements between countries (more-or-less hand-shake deals).

• These international agreements are formalized by the signing of a treaty (or convention).  

• A treaty is a formal written agreement entered in to by actors in international law, namely 
sovereign states (countries) and international organizations. 

• The signing of a treaty usually prompts the creation of a commission or organization to carry 
out the purpose of the treaty (e.g. the conservation and management of species) such as a 
RFMO or Regional Fisheries Management Organization.   

• A RFMO is an international organization made up of countries that share a practical and/or 
financial interest in managing and conserving fish stocks in a particular region.

• RFMOs, for example, set catch limits for species swimming between jurisdictions. 
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Q. How are the high seas managed?

Answer: 
Through commissions or Regional Fisheries Management 
Organisations (RFMOs) that are born from international agreements 
(formalised by the signing of a convention or treaty).
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United Nations Convention on the Law of the Sea
• UNCLOS is a widely accepted treaty that deals with almost all aspects of ocean governance. 

• The term ‘highly migratory species’ is a legal term which originated in Article 64 of UNCLOS

Image source: https://www.un.org/depts/los/convention_agreements/texts/unclos/unclos_e.pdf 
Annex 1 can be found at: https://www.un.org/Depts/los/convention_agreements/texts/unclos/annex1.htm

E.g. RFMO
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RFMO Examples 

Image © 2019 New York University School of Law. 40 Washington Sq. South, New York, NY 10012.   Tel. (212) 
998-6100. Accessed 2019 from: https://www.nyulawglobal.org/globalex/International_Fisheries_Law.html

FAQs about RFMOs can be found at:  
https://www.pewtrusts.org/en/research-and-
analysis/fact-sheets/2012/02/23/faq-what-is-a-
regional-fishery-management-organization
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RFMO Examples  

Image source and terms of use: http://www.fao.org/fishery/rfb/en
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One RFMO Example 

CCSBT: Commission for the Conservation of Southern Bluefin Tuna

• The CCSBT was created after the Convention for the 
Conservation of Southern Bluefin Tuna (CCSBT) was signed by 
Australia, NZ and Japan in 1994. 
• Additional countries have since signed the convention.
• It is responsible for the management and conservation of 

Southern Bluefin Tuna (SBT) only. 

Data based on maps supplied by : https://iss-foundation.org/about-
tuna/management-rfmos/ Redrawn 2019
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Image source: https://www.afma.gov.au/fisheries-management/species/southern-bluefin-tuna

From T 132

Southern Bluefin Tuna (SBT) 
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Photograph Ian Gordon.  © Primary Industries and Regions South Australia (PIRSA) 2017.  Reproduced with permission.

From T 132
Southern Bluefin Tuna (SBT) 
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Southern bluefin tuna is a gourmet food, which is in demand for use in sashimi and sushi. 

It is regarded by both Japanese and Western chefs as the best raw fish to eat in the world.

Frozen tuna at the Tsukiji fish market.
By Chris 73 / Wikimedia Commons, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=26170

From T 132
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Enforcing compliance 
• Although there are 

international bodies which 

can settle disputes about the 

ocean, ultimately there is no 
authority which could 

enforce the law with 
finality[1].

• Even if a country is 
sentenced, it can refuse to 

accept the judgement[1]. 

• In such cases, only political 

and diplomatic channels can 
put further pressure on 

countries to comply[1].

[1] World Oceans Review. Accessed 2019 from: 
https://worldoceanreview.com/wp-
content/downloads/wor4/WOR4_en_chapter_3.pdf

Above: A whale and a calf being loaded aboard a factory ship, the Nisshin Maru. The sign above 
the slipway reads, "Legal research under the ICRW". Australia released this photo to challenge 
that claim. Image source: https://en.wikipedia.org/wiki/Whaling_in_Japan
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Migratory pelagic species
• Pelagic species are those that spend their lives in open water, not associated with the bottom.

• Most pelagic species depend directly or indirectly on the production of plankton.

• Large ocean predators, such as tuna, can migrate 1000s of kilometres, crossing oceans and 
national borders.

Image: © FAO 2000-2019. Fisheries and Aquaculture Department. Biological characteristics of tuna. Text by Michel Goujon and Jacek Majkowski. In: FAO Fisheries 
and Aquaculture Department [online]. Rome. Updated 2000. [Cited 26 October 2019]. Reproduced under the terms and conditions at 
http://www.fao.org/fishery/topic/16082/en
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Bigeye Tuna (Thunnus obesus)
Other names: Bigeye

Distribution: Worldwide

Above: Bigeye Tuna © AFMA with permission. Accessed 26.10.2019 from: 

https://www.afma.gov.au/fisheries-management/species/bigeye-tuna

International Agreements signed: 

• ICCAT: International Convention for the 

Conservation of Atlantic Tunas (1966)

• Convention for the Establishment of an Inter-

American Tropical Tuna Commission (1949)

RFMOs 

• WCPFC: Western and Central Pacific Fisheries 

Commission

• IATTC: the Inter-American Tropical Tuna 

Commission

• ICCAT: the International Commission for the 

Conservation of Atlantic Tunas 

• IOTC: the Indian Ocean Tuna Commission
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Yellowfin Tuna (Thunnus albacares)
Other names: Yellow-finned albacore, Pacific long-tailed tuna, Allison’s tuna
Distribution: Worldwide

Above: Yellowfin Tuna © AFMA with permission. Accessed 26.10.2019 from: 
https://www.afma.gov.au/fisheries-management/species/yellowfin-tuna

International Agreements signed: 

• ICCAT: International Convention for the 
Conservation of Atlantic Tunas (1966)

• Convention for the Establishment of an Inter-
American Tropical Tuna Commission (1949)

RFMOs 

• WCPFC: Western and Central Pacific Fisheries 
Commission

• IATTC: the Inter-American Tropical Tuna 
Commission

• ICCAT: the International Commission for the 
Conservation of Atlantic Tunas 

• IOTC: the Indian Ocean Tuna Commission
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Albacore Tuna (Thunnus alalunga)
Other names: North Pacific Albacore tuna, bonito, langvin tuna, long-finned tuna
Distribution: Worldwide

Image source: 
https://en.wikipedia.org/wiki/Albacore#/media/File:Thunnus_alalunga_2.jpg

International Agreements signed: 

• ICCAT: International Convention for the 
Conservation of Atlantic Tunas (1966)

• Convention for the Establishment of an Inter-
American Tropical Tuna Commission (1949)

RFMOs 

• WCPFC: Western and Central Pacific Fisheries 
Commission

• IATTC: the Inter-American Tropical Tuna 
Commission

• ICCAT: the International Commission for the 
Conservation of Atlantic Tunas 

• IOTC: the Indian Ocean Tuna Commission
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Skipjack Tuna (Katsuwonus pelamis)
Other names: Striped tuna, oceanic bonito
Distribution: Worldwide International Agreements signed: 

• ICCAT: International Convention for the 
Conservation of Atlantic Tunas (1966)

• Convention for the Establishment of an Inter-
American Tropical Tuna Commission (1949)

RFMOs 

• WCPFC: Western and Central Pacific Fisheries 
Commission

• IATTC: the Inter-American Tropical Tuna 
Commission

• ICCAT: the International Commission for the 
Conservation of Atlantic Tunas 

• IOTC: the Indian Ocean Tuna CommissionAbove: Skipjack Tuna © AFMA with permission. Accessed 26.10.2019 from: 
https://www.afma.gov.au/fisheries-management/species/skipjack-tuna
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Southern Bluefin Tuna (Thannus maccoyi)
Other names: SBT
Distribution: Worldwide

International Agreements signed: 

• CCSBT: Convention for the Conservation of 
Southern Bluefin Tuna (1994) 

• ICCAT: International Convention for the 
Conservation of Atlantic Tunas (1966)

• Convention for the Establishment of an Inter-
American Tropical Tuna Commission (1949)

RFMOs 
• CCSBT: Commission for the Conservation of 

Southern Bluefin Tuna
• WCPFC: Western and Central Pacific Fisheries 

Commission
• IATTC: the Inter-American Tropical Tuna 

Commission
• ICCAT: the International Commission for the 

Conservation of Atlantic Tunas 
• IOTC: the Indian Ocean Tuna Commission

Above: Southern Bluefin Tuna © AFMA with permission. Accessed 26.10.2019 from: 
https://www.afma.gov.au/fisheries-management/species/southern-bluefin-tuna
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These RFMOs for Tuna originated from the signing of an 
international agreement…. 

such as….
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Convention for the 
Establishment of an 
Inter-American Tropical 
Tuna Commission (1949)

• Agreement between the United 
States and Costa Rica to protect Tuna 
stocks in the Eastern Pacific Ocean 

Pictured right: United States. President (1993-2001 : Clinton) & Pickering, Thomas Reeve, 
1931. Protocol amending 1949 Convention of Inter-American Tropical Tuna Commission : message 
from the President of the United States transmitting protocol to amend the 1949 Convention on 
the Establishment of an Inter-American Tropical Tuna Commission, done at Guayaquil, June 11, 
1999, and signed by the United States, subject to ratification, in Guayaquil, Ecuador, on the same 
date, text, 2001; Washington D.C.. Accessed October 26, 2019: University of North Texas Libraries, 
Digital Library. https://digital.library.unt.edu/ark:/67531/metadc31103/m1/1/
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ICCAT: International 
Convention for the 
Conservation of 
Atlantic Tunas (1966)

• Agreement between various 
countries (see right) to 
cooperate in maintaining 
populations of tuna (and 
tuna-like fish) in the Atlantic 
Ocean.  

Above: signature countries amending the convention in 1984. Image source: 
http://ec.europa.eu/world/agreements/downloadFile.do?fullText=yes&treatyTransId=1319
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CCSBT: Convention for the 
Conservation of Southern 
Bluefin Tuna (1994)

All flag images © Wikapedia

• Agreement between Australia, 
New Zealand and Japan to 
formalize an existing voluntary 
agreement to limit catches.

• Today there are 8 member 
countries: Australia, NZ, 
Japan, South Korea, 
Indonesia, Taiwan, the EU and 
South Africa. 
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Other highly migratory species from UNLCOS Annex 1 

Information source: https://www.un.org/Depts/los/convention_agreements/texts/unclos/annex1.htm

Albacore Tuna: Thannus alalonga
Blackfin Tuna: Thannus atlanticus
Little Tuna: Euthynnus alletteratus; Euthynnus affinis
Southern Bluefin Tuna: Thannus maccoyii
Frigate Mackerel: Auxis thazard; Auxis rochei
Pomfrets: Family Bramidae
Marlins: Tetrapturus sp.
Sail-fishes: Istiphorus platypterus; Istiphorus albicans
Swordfish: Xiphias gladius
Sauries: Scomberosox sp.; Cololabis sp.
Dolphin: Coryphaena hippurus; Coryphaena equiselis
Oceanic Sharks: Hexanchus griseus; Cetorhinus maximus; Family Alopiidae; Rhinocodon typus;  

Family Carcharhinidae; Family Sphyrnidae; Family Isurida.
Cetaceans: Family Physeteridae; Family Balaenopteridae; Family Balenidae; Family Eschrichtiidae; 

Family Monodontidae; Family Ziphiidae; Family Delphididae
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https://en.wikipedia.org/wiki/Southern_Indian_Ocean_F
isheries_Agreement

Southern Indian Ocean Fisheries Agreement (SIOFA) 
is an international fisheries agreement between 
several nations signed in Rome on 7 July 2006 and 
entered into force on 21 June 20121. 

• The purpose of the agreement is to ensure and 
promote the long-term conservation and 
sustainable use of the fishery resources in the area 
through cooperation among the member states.

• This Agreement covers fishery resources including 
fish, molluscs, crustaceans and other species 
within the area.

Reference 1
https://en.wikipedia.org/wiki/Southern_Indian_Ocean_F
isheries_Agreement

Southern Indian Ocean Fisheries Agreement (SIOFA) 

Other International Agreements 
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Image and terms of use:  http://www.apsoi.org/
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Other International Agreements 

Image source: https://en.wikipedia.org/wiki/Category:Fisheries_treaties
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T143 Maximum sustainable 
and economic yields

Gail Riches
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Syllabus statement
At the end of this topic you should be able to ... 

Appraise

the use of maximum sustainable yields and maximum economic yields
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Appraise

• evaluate the worth, significance or status of something; 
• judge or consider a text or piece of work
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Objective

• Identify MSY on a logistic growth curve

• Understand why MEY requires less fishing effort than MSY

See also T158 v4.0 Carrying capacity predictions 
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Watch the video (but STOP at 5 minutes)

https://www.youtube.com/watch?v=7DNhqtYf47E

https://www.youtube.com/watch?v=7DNhqtYf47E
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Maximum sustainable yield (MSY)
• MSY is the largest average catch (or yield) 

that can be continuously taken from a 
stock under existing environmental 
conditions.

• MSY has been used in fisheries science 
since the middle of last century - a time 
when bigger boats and better technology 
started taking much larger catches of fish 
to feed more people.

• MSY was first introduced when people 
started to realise there was a limit to how 
many fish could be taken out of the sea.

• MSY was introduced to stop overfishing. 

Image: An Alaskan fisherman holds up part of his catch, a large Alaskan King Crab. As successful catches became more costly and less efficient, fishing areas 
around the world entered a new era of global and national management. Image source: Mansel Blackford (2008) Accessed 2019 from: 
https://origins.osu.edu/article/tale-two-fisheries-fishing-and-over-fishing-american-waters Page 750



Logistic growth curve

Image source: https://www.youtube.com/watch?v=7DNhqtYf47E

• MSY is based on the ecological concept of sigmoid population growth toward the 

carrying capacity of the ecosystem for the respective species. 

For example, in the 

beginning, population 

growth is slow because 

there are less fish 

reproducing…
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Logistic growth curve

…as the population starts 
to increase in abundance, 
more and more fish reach 
sexual maturity. 

The population increases, 
reaching its maximum rate 
of growth where the curve 
is steepest in Fig. 1.

Image source: https://www.youtube.com/watch?v=7DNhqtYf47E
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Logistic growth curve

As the population 
continues to grow, less 
per capita resources 
are available to 
support reproduction 
and survival, and 
growth slows down. 

Image source: https://www.youtube.com/watch?v=7DNhqtYf47E
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Logistic growth curve

carrying capacity (K)

The population stops 
growing when the 
environment is at full 
capacity (called the 
carrying capacity or K). 

Image source: https://www.youtube.com/watch?v=7DNhqtYf47E
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Carrying capacity (K) is:-

The number of individuals an 
environment can support (‘carry’) given 
the available resources such as food, 
habitat, water, and other necessities. 
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Maximum sustainable yield (MSY)
• The concept of MSY is based on the 

notion that when harvest removes 
a portion of the population, more 
per capita resources become 
available to support reproduction 
and survival, and growth speeds up.

• The rate at which individuals are 
replaced (with newborns) is fastest 
at half the carrying capacity or K/2.

• Thus, MSY was set at half the 
carrying capacity (K/2). 

https://commons.wikimedia.org/wiki/File:Logistic_Carrying_Capacity.svg
By Nchisick [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)] Modifed speech 
bubble Bob Moffatt CC BY4.0 SA
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Another way to 
look at it…. 

Image source: https://en.wikipedia.org/wiki/Maximum_sustainable_yield

Pay close attention to the 
titles on the x-axis and y-axis!
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Maximum economic yield (MEY)
• MEY is the point in which a fishery (as a whole) maximises its economic potential.

• MEY is often less than MSY[1]. 

Image Bob Moffatt CC 4.0 BY NC SA 
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Continue to watch the video (start at 7min. 30sec.)

https://www.youtube.com/watch?v=7DNhqtYf47E

https://www.youtube.com/watch?v=7DNhqtYf47E
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Cost of fishing

• MEY assumes the cost of fishing is directly proportional to fishing effort. 

Fishing Effort

Co
st

 o
f f

ish
in

g 
($

)

Less fishing, 
less cost

More fishing, 
more cost
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• The cost of fishing includes the cost of fuel, labour, repairs, bait, capital, 
maintenance, administration, opportunity costs, etc. 

Image source: https://www.smh.com.au/business/consumer-affairs/petrol-prices-hit-10-year-high-putting-squeeze-on-families-20181022-p50b6z.html
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Fishing effort
• The amount of effort to find and catch fish.

• E.g. time spent fishing, number of boats, size of boats, fishing gear used, amount of hooks, etc.

MEY assumes the cost of fishing is directly proportional to fishing effort.

In other words, as one goes up, the other goes up, and vice versa.

For example, the more you fish, the more fuel you use. 
The less you fish, the less fuel you use. 
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More fishing 
effort means 
less fish left!

Fishing revenue and yield 
Pay close attention to the 
direction of population 
abundance on the x-axis!

Image Gail Riches CC 4.0 BY NC SA
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Fishing Effort

Revenue,
yield 

and cost

Population Abundance

Revenue/Yield

Cost

Making Money

Losing Money

Point of 
break-even
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Maximum sustainable yield (MSY)
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Maximum economic yield (MEY)
Pay close attention to the 
amount of fishing effort needed 
for MSY compared to MEY
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• A fishery makes its most money at MEY, when revenue and cost are the greatest distance apart 
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Worksheet
143

What’s the Catch?

by 

Gail Riches

www.marineeducation.com.au
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T144 Ecosystem-based 
fisheries management

Gail Riches
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Syllabus statement
At the end of this topic you should be able to ... 

Recognise

that fisheries management has shifted from single species maximum sustainable yield 
towards ecosystem-based fisheries management
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Recognise (e.g. features)

• identify or recall particular features of information from knowledge; 
• identify that an item, characteristic or quality exists; 
• perceive as existing or true; be aware of or acknowledge
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Objective

• Understand the difference between single-species MSY and EBFM

• Understand why there was a shift from single-species MSY to EBFM

• List some common EBFM tools 
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Single species Maximum sustainable yield (MSY)
MSY is a single-species metric, used to calculate the 
maximum number of individuals a fishery can 
sustainably harvest from a single stock each year.

The idea was born from the notion that any species 
each year produces a harvestable surplus, and if you 
take that much, and no more, you can go on getting 
it forever and ever (Amen)[1]

As a model, MSY has been one of the most influential 
concepts to inform fish stock management[2].

It is a simple concept that is readily understood by 
the fishing industry, administrators, and managers 
(hence why it has been so popular for so long).  

[1] Larkin, P.A. (1977). An epitaph for the Concept of Maximum Sustainable Yield. Transactions of the American Fisheries Society. Vol. 106 No. 1.
[2] QCAA (2018). Marine Science 2019 v1.2: General Senior Syllubus. QCAA.

https://commons.wikimedia.org/wiki/File:Logistic_Carrying_Capacity.svg
By Nchisick [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-
sa/4.0)] Modifed speech bubble Bob Moffatt CC BY4.0 SA
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MSY is a ‘single species’ metric 
because it only focuses on one 
species. 

However, by doing so, it ignores 
the effects of fishing on the 
wider ecosystem in which it 
lives[1].  

It also ignores the size and age of 
the animal being harvested and 
its reproductive status[1]. 

And, it ignores economic and 
social considerations.  

[1] QCAA (2018). Marine Science 2019 v1.2: General Senior Syllubus. QCAA.

Larkin, P.A. (1977). An epitaph for the Concept of Maximum Sustainable 
Yield. Transactions of the American Fisheries Society. Vol. 106 No. 1. 
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“Single species models take no account of the role of the stock 
as it interacts with other species”[1]

]1]Rothschild, B. J. 1986. Dynamics of marine fish populations. Harvard University Press, Cambridge, Ma. 277 pp. Cited in 
https://pdfs.semanticscholar.org/0fc5/4f5e05924618ce9631002aa3c67ec33aedaa.pdf 

Bycatch from bottom trawling
Image source: Marine Conservation Institute. Accessed 2019 from: https://marine-
conservation.org/what-we-do/program-areas/how-we-fish/destructive-fishing/
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The unintended consequences of 
fishing that MSY models fail to address
• Bycatch

• Habitat Destruction

• Any serious deterioration in trophic levels and ecosystem structure 
by removing top predators with unpredicted consequences at 
bottom trophic levels[1]

[1] Trochta, J.T., Pons, M., Rudd, M.B., Krigbaum, M., Tanz, A. and Hilborn, R. (2018). Ecosystem-based fisheries management: Perception on definitions, implementations, 
and aspirations. PLoS ONE 13(1):e0190468. DOI: 10.1371/journal.pone.0190467
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Bycatch: effects on non-target species
A single species approach fails to take into account the effects of fishing mortality on non-
target species encountering the fishing gear. 

For example, the failure to consider the mortality of juvenile reef fish in shrimp trawls in 
the Gulf of Mexico has been cited as an important factor in the decline of the red snapper 
population and the directed fishery for adult red snapper [1]. 

[1] Mangel, M., Constable, A. and Parkes, G. (2000). A 
Review of Approaches to Fisheries Management Based on 
Ecosystem Considerations, with Particular Emphasis on 
Species Interactions. MRAG Americas. Accessed 2019 
from: 
https://pdfs.semanticscholar.org/0fc5/4f5e05924618ce96
31002aa3c67ec33aedaa.pdf
Image Source: Quartz. Accessed 2019 from: 
https://qz.com/190379/us-fishermen-throw-back-20-of-
their-catch-often-after-the-fish-are-already-injured-or-
dead/Bycatch
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Habitat destruction

Unfished vs fished seamount using deep-sea bottom trawling gear to catch orange roughy
(c) Unfished coral habitat, with associated seastars. (d) Trawling impact showing coral rubble on the seafloor and a large gouge caused by a trawl door. 
Images courtesy of National Institute of Water and Atmospheric Research (NIWA). Adapted from: Clark, Malcolm & DUNN, MATTHEW. (2012). Spatial management 
of deep-sea seamount fisheries: Balancing sustainable exploitation and habitat conservation. Environmental Conservation. 39. 10.1017/S0376892912000021. 

Unfished Fished
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Watch video (51 seconds)

https://www.youtube.com/watch?v=BnmGbDN278Y

https://www.youtube.com/watch?v=BnmGbDN278Y
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Ecosystem-based fisheries management
To address these issues of single-species MSY, EFBM has been proposed as a holistic way of 
managing fisheries, considering the complex dynamics between target and non-target species 
and the greater social-ecological system[2]

• EBFM is essentially reversing the order of management priorities so that management starts 
with the ecosystem rather than a target species[1]. 

• EBFM aims to sustain healthy marine ecosystems and the fisheries they support[1].

• EBFM tools are often context-specific, matching local goals for management[2].

Common EBFM tools include bycatch reduction devices and gear modifications as well as
Marine Protected Areas and spatial management. 

[1] Pikitch, E.K. et al., (2004). Ecosystem-based Fisheries Management. Science. Vol. 305, Issue 5682, pp. 346-347. DOI: 
10.1126/science.1098222
[2] Trochta, J.T., Pons, M., Rudd, M.B., Krigbaum, M., Tanz, A. and Hilborn, R. (2018). Ecosystem-based fisheries 
management: Perception on definitions, implementations, and aspirations. PLoS ONE 13(1):e0190468. DOI: 
10.1371/journal.pone.0190467 Page 780



Image source: https://www.st.nmfs.noaa.gov/ecosystems/ebfm/ebfm-levels
Image source: Dolan, Tara & Patrick, Wesley & Link, Jason. (2015). Delineating the continuum of marine ecosystem-based management: 
A US fisheries reference point perspective. ICES Journal of Marine Science: Journal du Conseil. 73. fsv242. DOI:10.1093/icesjms/fsv242.  Page 781



Image source: Dolan, Tara & Patrick, Wesley & Link, Jason. (2015). Delineating the continuum of marine ecosystem-based 
management: A US fisheries reference point perspective. ICES Journal of Marine Science: Journal du Conseil. 73. fsv242. 
DOI: 10.1093/icesjms/fsv242. Page 782



Common EBFM tools*

*Notably, no two ecosystems are exactly alike. Therefore, EBFM tools are often 
context specific. 
• For example, EBFM tools will depend on local goals for management informed 

by those who understand the local system. 
• Whereby, management select and develop their own version of EBFM or EBM. 

• Bycatch reduction devices and gear modifications

• Marine Protected Areas and spatial controls
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E.g. Great Barrier Reef Marine Park Authority EBM

Image source: http://www.gbrmpa.gov.au/our-work/Managing-multiple-uses/fisheries-in-the-marine-park/fisheries-management
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For example:

Beaches where shark control equipment is 
no longer in place (as at September 2019)

A Federal Court decision requires that all 

sharks caught within the Great Barrier Reef 

Marine Park must now be tagged and 

released alive within 24 hours of capture. 

At this time, the department cannot safely 

comply with these new conditions. 

As a result, shark control equipment has been 

removed from the Great Barrier Reef Marine 

Park. 

Shark control equipment has been removed 

from the following beaches.  

Reference: https://www.daf.qld.gov.au/business-priorities/fisheries/shark-

control-program/shark-control-and-swimming-safely
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Bycatch reduction devices

For example, AFMA approved bycatch reduction devices 
include:

• Turtle excluder device (TED)

• Bird baffler

• Seabird sprayer

• Seal excluder device (SED)

• Fisheye and Popeye Fishbox

• Line weighting – Demersal

• Square mesh and T90

• Warp deflectors Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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Watch video (1:49)

https://www.youtube.com/watch?v=xz8q6uHSdmg

https://www.youtube.com/watch?v=xz8q6uHSdmg
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Turtle excluder device (TED)

Image by NOAA. Accessed 2019 from: 

https://en.wikipedia.org/wiki/Turtle_excluder_device 

TEDs allow turtles to escape from fishing nets

E.g. while prawns pass between the bars to the back of the net, turtles bump against the grid 

and escape through a flap in the mesh.

Image by WWF. Accessed 2019 from: https://www.worldwildlife.org/magazine/issues/summer-

2016/articles/how-a-simple-technology-is-saving-turtles
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Watch video (20 seconds)

https://www.youtube.com/watch?v=jyhumLE7B40

No sound
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Bird baffler

Image source: AFMA. Accessed 2019 from: https://www.afma.gov.au/environment-and-research/reducing-bycatch/bycatch-reduction-devices/bird-baffler

A curtain-like 
device used to 
deter seabirds 
from foraging in 
between the stern 
of the vessel and 
where the warps 
enter the water.
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Seabird sprayer

Image source: AFMA. Accessed 2019 from: https://www.afma.gov.au/environment-and-research/reducing-bycatch/bycatch-reduction-devices/seabird-sprayer

Seawater is 
delivered at high 
pressure to deter 
seabirds from the 
area of water 
around the warps.
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Seal excluder device (SED)

Image source: AFMA. Accessed 2019 from: https://www.afma.gov.au/environment-and-research/reducing-bycatch/bycatch-reduction-devices/seal-excluder-devices

SEDs contain a rigid barrier grid, which is attached to the circumference of the net and guides 
seals towards an escape hole either above or below the grid.
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Marine protected areas (MPAs)

ü Protect specific life stage (e.g. nursery ground, spawning season)

ü Protect critical functions (e.g. feeding grounds and spawning grounds)

ü Protect dispersion centers for the supply of larvae to a fishery

ü Protect critical environmental requirements for fished species

ü Protect ecosystem services (provisional, cultural, supporting, regulating)

All MPA’s offer some sort of protection to the individuals that live and breed within their borders

The borders of an MPA often do not move. Unless, of course, the spatial zoning is dynamic……
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Dynamic spatial zoning fish management
Dynamic spatial zoning fish management limits fishing access along the migratory pathways 
and hotspots of protected species.

Importantly, the migratory pathways and hotspots of protected species may vary from season 
to season. 

Therefore, zones (that prohibit activities in an area) are, in this case, dynamic (not static).

• Management use ‘habitat models’ to predict the whereabouts of a protected species 
(or species of interest) at any given time. 

• Management then draw lines on a map (across a certain distance, and down to a 
certain depth) that tell fishers where they can and cannot fish. 

• As the species move (predicted by the models and reported by the fishers), the 
boundaries of the zones move too. 

• Surveillance systems (e.g. e-monitoring) monitor fishing activity and promote 
compliance to the rules. 
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You will learn more about MPAs and spatial controls in T145 and T153

Understand the value of marine protected 
areas including estuarine and open-water 
environments to fisheries sustainability.

Describe dynamic spatial zoning fish 
management (including e-monitoring) as a fish 
management technique in terms of ecosystem-
based management in relation to a case study.
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Worksheet
144

The Bigger Picture

by 

Gail Riches

www.marineeducation.com.au
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T145 MPAs and fisheries

Gail Riches
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Syllabus statement
At the end of this topic you should be able to ... 

Understand

the value of marine protected areas including estuarine and open-water environments 
to fisheries sustainability.
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Understand

• perceive what is meant by something; 
• grasp; be familiar with (e.g. an idea); 
• construct meaning from messages, including oral, written and graphic 

communication
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Objectives
• List 5 functions of Marine Protected Areas (MPAs)

• Understand that fishing is prohibited in a ‘marine reserve’

• Explain the ‘spill-over’ effect

• List the benefits of MPAs to fisheries sustainability: larval export; fishery recovery and stability; 
reduced bycatch, discards and ghost fishing; fishery-induced evolution (FIE); fisheries research; 
insurance; habitat protection.

• Justify the protection of estuary environments 

• Justify the protection of open water environments

• Understand what is a fish spawning aggregation 

• Understand the importance of MPA design
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Go to the protected planet website (click on MPAs)
https://www.protectedplanet.net/marine

Q. How 
many MPAs 
are there?
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Marine protected areas (MPAs)

These areas protect:

• specific life stages (e.g. nursery grounds, spawning seasons)

• critical functions (e.g. feeding grounds and spawning grounds)

• dispersion centers for the supply of larvae to a fishery

• critical environmental requirements for fished species

• ecosystem services (provisional, cultural, supporting, regulating)
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No-take marine reserves

There are many different types of MPAs. For fishers, MPAs are commonly associated with 
‘no-take marine reserves’ where extractive activities such as fishing is prohibited. 

Image source: https://www.fishingworld.com.au/news/visiting-
fishos-reminded-about-sanctuary-zones Page 803



The spill-over effect
Spill-over: when the positive effects of a no-take zone 
(i.e. greater biomass) spills over the boundaries of the 
MPA and into areas where fishing is allowed.  

All MPA’s offer some sort of protection to the 
individuals that live and breed within their 
borders, with the hope these protections create 
benefits that spill over the borders of the MPA and 
into the surrounding water.

Image copyright GBRMPA.  Reproduced with permission
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Larval export

No-take marine reserves enhance exploited populations and benefit fisheries by dispersing 
larvae that replenish fishing grounds

A stylised reef fish life cycle (this image also features in T089)
Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA

Q. Where do  
many fish species 
release their 
larvae?
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Fishery recovery and stability
No-take marine reserves help recover fishery populations (e.g. by protecting spawning stock) 

Image copyright GBRMPA.  Reproduced with permission Page 806



Image copyright GBRMPA.  Reproduced with permission

What fishing 
activities are 
prohibited in a 
green zone?
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Fishery recovery and stability
No-take marine reserves help recover fishery populations (e.g. by increasing spawning stock) 

Twinspot snapper (Lutjanus bohar) releasing a cloud of sperm and eggs
Image copyright : Reproduced with permission Tony Wu, www.tony-wu.com
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Reduced bycatch, discards and ghost fishing

No-take marine reserves reduce bycatch, discards and ghost fishing by eliminating mortality 
of non-targeted species

Attribution: Murray S. N. et al., (1999). No-take Reserve Networks: Sustaining Fishery Populations and Marine Ecosystems. Fisheries Management Perspective. Vol. 24. Issue 11. 

Photo by Tim Sheerman-Chase/Wikimedia Commons. Image source: Earth Island Journal at: 
http://www.earthisland.org/journal/index.php/articles/entry/ghost_fishing_nets_invisible_k
illers_in_the_oceans/

Ghost fishing
Fishing gear that has 
been left or lost but 
continues to catch fish. 
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Fisheries induced evolution (FIE) 
No-take marine reserves protect portions of exploited stocks from genetic (evolutionary) 
changes (i.e. a decline in growth rate) resulting from selective mortality imposed by 
fisheries (i.e. the selective removal of fast-growing individuals).  

Attribution: Swain, D.P., Sinclair, A.F. and Hanson, M.J. (2007). Evolutionary response to size-selective mortality in an exploited fish population. Proc Biol Sci. 274(1613): 1015–
1022. Accessed 2019 from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2124474/

For example, if fishing
selectively removes a
certain trait from the gene
pool of a population, the
individuals that are left are
the ones that reproduce
and pass their genes on to
the next generation.

Image source: Page 28 at https://worldoceanreview.com/wp-content/downloads/wor2/WOR2_english.pdf 
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Fisheries research

No-take marine reserves serve as sites for collecting valuable fishery-independent data and 

for conducting fishery research that cannot be carried out in exploited areas

Manta Tow

Fishery-independent data: 
data obtained in the absence 

of any fishing activity

By NOAA - http://www.noaanews.noaa.gov/stories2014/20141028_marinedebris_hawaii.html, 

Public Domain, https://commons.wikimedia.org/w/index.php?curid=38867176
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Insurance

No-take marine reserves provide a form of insurance against the effects of unexpected 
problems that may arise from the existing system of stock management

Attribution: Murray S. N. et al., (1999). No-take Reserve Networks: Sustaining Fishery Populations and Marine Ecosystems. Fisheries Management Perspective. Vol. 24. Issue 11. 

50Reefs.org

mission-blue.org/
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Habitat protection
No-take marine reserves protect habitats from damage by fishing gear

(A) The coral community and seabed on an untrawled seamount. (B)The exposed bedrock of a trawled seamount. Both are 1,000–2,000 meters (1094–2188 
yards) below the surface.

By (Photo, with permission, by CSIRO Marine Research.) - Gewin V: Troubled Waters: The Future of Global Fisheries. PLoS Biol 2/4/2004: e113. 
https://dx.doi.org/10.1371/journal.pbio.0020113, CC BY 2.5, https://commons.wikimedia.org/w/index.php?curid=1371719
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Habitat protection

Protected area systems do not prohibit fishing, but still protect habitats that are critical to 
the life stages of exploited species. E.g. Fish habitat areas (FHAs)

Image source: https://parks.des.qld.gov.au/managing/habitat-areas/
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Why protect estuarine 
environments?

An estuary is an area 
where a freshwater river 
or stream meets the ocean

• Feeding ground

• Spawning ground

• Nursery ground

Boyne River estuary. Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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Seagrass beds and mangroves often serve as nursery habitats.  

Concept by Nancy Tsernjavski, Illustration by Sharyn Madder and Kerry Kitzelman , copyright MESA, reproduced with permission.

From T089

A nursery is an area 
or habitat where 
there are higher 
concentrations of 
larvae or juveniles
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Mangrove and 
sheltered waters
ecosystems 
provide larval 
fish a sheltered 
environment, an 
abundant and 
diverse food 
supply and 
protection from 
predation.

Concept by Nancy Tsernjavski, Illustration by Sharyn Madder and Kerry Kitzelman , copyright MESA, reproduced with permission.

From T089
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Mangrove prop roots create a habitat essential for many fish and invertebrates.  

Learn more about 
mangrove and 
seagrass nursery 
grounds here:

Saenger, P, Gartside, D & Funge-
Smith, S 2013, A review of 
mangrove and seagrass 
ecosystems and their linkage to 
fisheries and fisheries 
management, report to Food and 
Agriculture Organization of the 
United Nations Regional Office for 
Asia and the Pacific Bangkok, 
Thailand. ISBN: 9789251077733 
Accessible: 
https://epubs.scu.edu.au/cgi/vie
wcontent.cgi?article=3251&conte
xt=esm_pubs

Juvenile lutjanids shelter among mangrove roots.
Image : with permission, Matthew Costa, Aburto Laboratory, Scripps Institution of Oceanography

From T089
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Large estuary cod and mangrove jack found in North Queensland estuaries were all found to 
be juveniles.1. 

These “estuary” fish are really coral reef fish- the adults live offshore.

1. Sheaves, M. (1995). Large lutjanid and serranid fishes in tropical estuaries: Are they adults or juveniles?. Marine Ecology Progress Series, 129, 31-41. doi: 
10.3354/meps129031

Estuary cod Epinephelus coioides and Mangrove jack, Lutjanus argentimaculatus
Images:  Sahat Ratmuangkhwang [CC BY 3.0 (https://creativecommons.org/licenses/by/3.0)]

From T089
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Why protect open water environments?
Fish Spawning Aggregations (FSAs) in open 
water environments are particularly 
vulnerable to fishing (with lots of fish in one 
spot)

• Notably, the time and place of spawning 
varies between species of fish that 
aggregate.

• Thus, protecting these areas can be 
temporal as well as spatial, and maybe 
even dynamic.

Copyright Viewfinder.  Reproduced with permission.
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The success of spawning reserves hinges on the 
same factors as other reserves, including proper 
design, enforcement and compliance, and clearly 
defined management objectives. 

• Put in the wrong spot at the wrong time and 
the reserve is not only ineffective, but it’s also 
costly, for both fish and fishers. 
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Knowledge review check…. 
• List 5 functions of Marine Protected Areas (MPAs)

• Understand that fishing is prohibited in a ‘marine reserve’

• Explain the ‘spill-over’ effect

• List the benefits of MPAs to fisheries sustainability: larval export; fishery recovery and stability; 
reduced bycatch, discards and ghost fishing; fishery-induced evolution (FIE); fisheries research; 
insurance; habitat protection.

• Justify the protection of estuary environments 

• Justify the protection of open water environments

• Understand what is a fish spawning aggregation 

• Understand the importance of MPA design
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Worksheet
145

MPAs

by 

Gail Riches

www.marineeducation.com.au
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T146 Lincoln index practical

Gail Riches
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Syllabus statement
At the end of this topic you should be able to ... 

Apply

the Lincoln index in a modelled capture–recapture scenario (Mandatory practical).
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Apply

• use knowledge and understanding in response to a given situation or 
circumstance; 

• carry out or use a procedure in a given or particular situation
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Objective

• Recall two different methods used to estimate population abundance: 
(1) quadrat method; (2) Lincoln Index (capture-recapture method)

• Understand the rationale for choosing to use the Lincoln Index (capture-recapture method)

• Recall the assumptions made when using the Lincoln Index (capture-recapture method)

• Tag Grey Nurse Sharks (Carcharias taurus) to estimate population abundance in a modelled 
capture-recapture scenario
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Revise T 140 
Interpret fish population data using the Lincoln index (capture–recapture method) and identify the 
reliability of this data to inform fisheries management decision-making on quota and total allowable catch
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Estimating population abundance

So, how can we estimate population 
abundance when the organisms do move?

Quadrats work well when 
organisms do NOT move (much)

Image source and terms of use: 
http://uoitbiology12u2014.weebly.com/population-density-
distribution-and-patterns-of-survivorship.html
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Image source and terms of use: 
http://uoitbiology12u2014.weebly.com/population-density-distribution-and-patterns-of-survivorship.html

The Lincoln Index (mark 
capture-recapture 
method) works well 
when organisms move 
around (assuming they 
stay within the 
boundaries of the 
population).
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Frederick Charles Lincoln

Frederick Charles Lincoln (1892-1960), 
an American ornithologist at his desk. 
Lincoln was an accomplished biologist, 
administrator, and writer and first 
described the Lincoln Index in 1930. 

Image source: From the U.S. National Archives and the U.S. 
Bird Banding Laboratory. Accessed 2019 from: 
https://en.wikipedia.org/wiki/Frederick_Charles_Lincoln
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One way to estimate stock size in a given area is to catch a bunch of fish, tag them, let them go again 

(hope they don’t die), wait for them to swim about and mix in with the other fish, before catching 

some more (using the same unit of effort as before) and counting how many are tagged. 

Lincoln Index (capture-recapture method) N=Mn/m

Number of tagged fish?Tag the fish. Release the fish.

1. 2.

Image credit: If you use this image in your own non-commercial project please credit it to the University of California Museum of Paleontology's Understanding Evolution 

(http://evolution.berkeley.edu) Accessed 2019 from: https://evolution.berkeley.edu/evolibrary/search/imagedetail.php?id=383&topic_id=&keywords=
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• Then apply a simple formula (N=Mn/m) to estimate the size of the stock.

• The assumption is that the ratio of tagged fish (M) in the stock (N) is 
equal to the ratio of recaptured tagged fish (m) in the second catch (n). 

• Whereby, M/N=m/n is rearranged to become N=Mn/m

Above: from the QCAA syllabus
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Above: The large rectangle in the figure shows a fish stock of unknown size, into which 32 tagged fish (solid shapes) were released. At a later 
time, a catch of 36 fish (in the small rectangle in the lower right-hand corner) was found to include 6 tagged individuals. The stock size may be 
estimated by assuming that the ratio of tagged fish (T) in the stock (N) is equal to the ratio of recaptured tagged
fish (R) in the catch (C). 
Image source: King, M., Blanc, M., Desurmont, A., Sharp, M. and Barre, C. (2014). Guide to Teachers’ Resource Sheets on Fisheries for the Cook Islands. Secretariat of the Pacific Community (SPC) Coastal Fisheries Programme. New Caledonia. 
Accessed 29.07.2019. Modified Bob Moffatt adding red letters.

Copyright SPC. Non commercial terms use https://coastfish.spc.int/en/publications/technical-manuals/education/421-teachers-resource-kit-on-fisheries
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Grey nurse sharks (Carcharias taurus)

• For this practical, instead of counting fish, we are counting sharks.

• And, we do not need to tag the sharks because the sharks already 
have tags! Natural tags J

Every GN shark 
has a unique set 
of marks on the 
side of its body 
that are used to 
identify the shark

Image © Dr. Carley Kilpatrick (with permission) from Grey Nurse Shark Watch - Reef Check Australia at https://www.reefcheckaustralia.org/grey_nurse_shark_watch 
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• The Australian east coast sub-population of Grey Nurse Shark was 
severely depleted by spearfishing in the 1950s and 1960s[1][2].

• They are now listed as critically endangered 
(under the Commonwealth Environmental Protection and Biodiversity Conservation Act & 
1999 International Union for the Conservation of Nature’s Red List of Threatened Species)

• A Fisheries survey in 2000 revealed that the number of Grey Nurse 
Sharks in NSW and Southern Qld could be as low as 292 individuals[2] 

and at best 3000 individuals[1]

Grey nurse sharks (Carcharias taurus)

[1] Otway, N.M., Bradshaw, C.J.A. and Harcourt, R. G. (2004). Estimating the rate of quasi-extinction of the Australian grey nurse shark (Carcharias taurus) 
population using deterministic age- and stage-classified models. Biological Conservation. Volume 119, Issue 3, Pages 341-350. Accessed 2019 from: 
https://www.sciencedirect.com/science/article/abs/pii/S0006320703004804
[2] Department of the Environment and Energy (CC 3.0). Accessed 2019 from: 
https://www.environment.gov.au/biodiversity/threatened/publications/factsheet-grey-nurse-shark-carcharias-taurus
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Grey Nurse Sharks gather to breed at Wolf Rock, SE Qld. 
Photo © Wolf Rock Dive (with permission). Photo taken July 14, 2017. 
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Image source: Otway, N.M., Storrie, M.T., Louden, B.M., & Gilligan, J.J. (2009). Documentation of depth-related migratory movements , localised
movementsat critical habitat sites and the effects of scuba diving for the east coast grey nurse shark population. Accessed 2019 from: 
Copyright NSW Dept of Primary Industries For terms of use see
https://pdfs.semanticscholar.org/771c/e5a2da3289524f82d8847f427246bd72973d.pdf?_ga=2.49104353.67851850.1572654849-1160267268.1562148687

Grey nurse shark sub-populations around the world. 
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The sharks often swim in a circuit-like configuration, allowing divers to sit in one spot and wait 
for the sharks to predictably swim past (usually very close) and have their picture taken. 

Grey nurse sharks gather at Wolf Rock, SE Qld. 
Photo © Wolf Rock Dive (with permission).  Photograph taken December 17, 2017.
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Grey nurse sharks gather at Wolf Rock, SE Qld. 
Photo © Wolf Rock Dive (with permission).  Photograph taken July 14, 2017.

The sharks only ‘look’ dangerous because they can not cover their teeth (another 

common name is ‘ragged-tooth shark’). They are not dangerous at all. 

Their mouths are 

like a conveyor belt 

of teeth…. when 

the front ones fall 

out (which happens 

all the time), the 

back ones move 

forward to take 

their place!
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Grey nurse shark watch

The pictures of Grey Nurse Sharks over the next few slides were kindly donated by Grey Nurse Shark 
Watch (GNSW), a community Grey Nurse Shark photographic identification program. 

Each shark is recognizable from the unique arrangement of marks on the side of its body that act as 
a ‘natural tag’. 

• Once a shark has been photographed, it is given a name (it is ‘tagged’).

• If it already has a name, it is matched to a previous photograph 
(as a ‘recapture’). 
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These are the same 
photographs that 
feature in the Year 12 
Marine Science 
workbook by Marine 
Education

Go to the Mandatory 
Practical on page 140
www.marineeducation.com.au
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We photograph (tag) 10 sharks. We wait a few weeks. 
Then, we photograph (tag) 10 sharks again. 

Question: 
Will they be the same 10 sharks? Had they all been tagged?

• If yes, we can estimate the population size as 10 
(we assume we photographed the lot!)

• If no, how many sharks were not tagged? If zero sharks had been tagged (zero recaptures), 
then the population must be pretty big! 

Of course, this method assumes that no sharks departed from the population (i.e. left or died), 
nor entered the population (arrived or were born) over the duration of the capture and recapture. 

Rationale
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Now it is time to tag some sharks!

Are you ready to give them names?

You can either use the names provided, 
or make up your own….
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Catch: 1
Photograph: 1
Name/tag: 158_1FLWR190107cbg

Photograph © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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Catch: 1
Photograph: 2
Name/tag: 1819_1MLATCFtRJ020815dbm

Photograph © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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Catch: 1
Photograph: 3
Name/tag: 41_1FLAWRm030207cbg

Photograph © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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Catch: 1
Photograph: 4
Name/tag: 1866_1MLATCFtR090815ckm

Photograph © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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Catch: 1
Photograph: 5
Name/tag: 142_1FLFR040707cbm

Photograph © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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Catch: 1
Photograph: 6
Name/tag: 5_1FLFtR310704cbg

Photograph © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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Catch: 1
Photograph: 7
Name/tag: 26_1MLMA150707cbg

Photograph © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch Page 851



Catch: 1
Photograph: 8
Name/tag: 48_1MLFR100307cbg

Photograph © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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Catch: 1
Photograph: 9
Name/tag: 568_1MLAFtRf040806cbg

Photograph © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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Catch: 1
Photograph: 10
Name/tag: 294_1FLAFR220208cbm

Photograph © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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Now, we wait for the sharks to mingle and mix with the population

A few weeks later, we go back to photograph another 10 sharks

This time, we need to identify each shark in the photograph

• Was it one of the sharks photographed/tagged/named previously?

• Or, is it a new shark?

• Use the marks on the side of each shark to find a match!

What do we do now?
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Catch: 2
Photograph: 1
Name/tag: 1659_1FLAWRm170214ckm    New shark!

No match. 
This is a 
new shark! 

Photograph © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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Catch: 2
Photograph: 2
Name/tag: ?

This is a 
recapture!

But, which 
one is it? 

Photograph © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch

Page 857



Catch: 2
Photograph: 2
Name/tag: ?

Can you see this mark on any of 
the others from the first catch?

Photographs © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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What about this one?

Photograph © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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Catch: 2
Photograph: 2
Name/tag: 26_1MLAFR030606swrdcm  It is a match!

You got it! 

This is Catch 1 photograph 7. 

Name: 26_1MLAFR030606swrdcm

Photograph © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 

https://www.reefcheckaustralia.org/grey_nurse_shark_watch Page 860



Catch: 2
Photograph: 3
Name/tag: ?

So, now that you know what to do, it is your turn to find the recaptures.

Hint: there are 2 more. And, this is one of them. Can you find its match?

Photograph © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 

https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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Catch: 2
Photograph: 4
Name/tag: ? 

Photograph © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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Catch: 2
Photograph: 5
Name/tag: ? 

Photograph © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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Catch: 2
Photograph: 6
Name/tag: ? 

Photograph © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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Catch: 2
Photograph: 7
Name/tag: ? 

Photograph © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch

Page 865



Catch: 2
Photograph: 8
Name/tag: ? 

Photograph © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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Catch: 2
Photograph: 9
Name/tag: ? 

Photograph © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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Catch: 2
Photograph: 10
Name/tag: ? 

Photograph © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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Fill in the blanks to estimate population size
N = Mn/m

Total number of sharks in the first catch M 10

Total number of sharks in the second catch n 10

Number of recaptures in the second catch 
(how many already had a name/tag?) m

Estimated population size (N=Mn/n)
(to the nearest whole number) N
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Fill in the blanks to estimate population size
N = Mn/m

Total number of sharks in the first catch M 10

Total number of sharks in the second catch n 10

Number of recaptures in the second catch 
(how many already had a name/tag?) m 3

Estimated population size (N=Mn/n)
(to the nearest whole number) N 33
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Check your answer Population size (N): 33

Image © Gail Riches, reproduced with permission
www.marineeducation.com.au
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Check your answer

Catch: 2
Photograph: 2
Name/tag: 26_1MLAFR030606swrdcm   Recapture

Catch: 2
Photograph: 5
Name/tag: 5_1FLFtR310704cbg   Recapture

Matches Catch 1 photograph 6

Matches Catch 1 photograph 7

Photographs © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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Catch: 2
Photograph: 6
Name/tag: 48_1MLFR100307cbg   Recapture

Matches Catch 1 photograph 8

Photographs © Dr. Carley Kilpatrick from Grey Nurse Shark Watch - Reef Check Australia at 
https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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Code names
Grey Nurse Shark Watch use a code to name their sharks. The code goes like this: 

• The first number is the unique ID number for that shark. Underscore.

• The photo number for that individual shark on that day and at one site. Then, the 

gender of the shark, whereby males have claspers  (Male/Female/Unknown). 

• Then, the side of the shark that the photograph was taken (Left/Right). 

• Followed by the maturity of the shark (Adult/Sub-Adult/Juvenile). 

• Then, the site code (note: these sharks often aggregate at a particular site at a 

particular time of year, e.g. Solitary Islands, Wolf Rock, Flat Rock, Julian Rocks).

• If applicable, any other information such as fishing gear (f) jaw injury (j) 

mating scars (m) pregnant (p) tag or tag tether present (t). 

• The date 

• The initials of the photographer 

• The photo quality (good, medium, poor). 
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Combing through the Grey nurse shark database to find a match 
for a photograph of a shark is quite the task.  The code names 
make it a little easier to narrow it down. 

• But a software program would make it a lot easier!

You just tried to find a match for 10 sharks. 

• Imagine trying to find a match for hundreds of sharks!

If you would like to donate to Grey Nurse Shark Watch to help them raise money for a shark 
matching software program, or if you want to volunteer to match sharks, or take 
photographs of grey nurse sharks in the wild to upload to the database, visit their website 
at:

https://www.reefcheckaustralia.org/grey_nurse_shark_watch
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https://www.reefcheckaustralia.org/grey_nurse_shark_watch 
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Watch the video

https://www.youtube.com/watch?v=ejdqVZbWC74
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Worksheet
146

Mandatory 
Practical

by 

Gail Riches

www.marineeducation.com.au
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Queensland marine science syllabus guide

Unit 4 Ocean issues and 
resource  management

Topic 2: Managing fisheries

B. Australian fisheries management
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T147 The Australian Fishing 
Zone

Bob Moffatt
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Syllabus statement
At the end of this topic you should be able to ... 

Identify 

the Australian Fishing Zone (AFZ)

See year 11 as well
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Identify

- distinguish; 
- locate, recognise and name; 
- establish or indicate who or what someone or something is; 
- provide an answer from a number of possibilities; 
- recognise and state a distinguishing factor or feature
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The Australian Fishing Zone (AFZ), which 

was first declared in 1979, covers 

Commonwealth waters

— generally those from three nauBcal 

miles to 200 nauBcal miles1 from the 

Australian coast. 

The AFZ is established through 

the Fisheries Management Act 1991 and 

relates only to the use or protecBon of 

Commonwealth fisheries. 

The AFZ covers an area of over 8 million 

square kilometres.

Reference1

http://www.agriculture.gov.au/fisheries/domestic/zone

https://www.ga.gov.au/scientific-topics/marine/jurisdiction/maritime-boundary-definitions

Definition
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Snapshot of Australia’s commercial fisheries and 
aquaculture

Authors: David Mobsby, Robert Curtotti

http://www.agriculture.gov.au/abares/publications/i
nsights/snapshot-of-australias-commercial-fisheries-
and-aquaculture#sustainability-of-australian-fish-
stocks
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Coastal Waters (3 nautical mile limit)
Coastal Waters is a belt of water between the 
limits of the Australian States and the 
Northern Territory and a line 3M seaward of 
the territorial sea baseline*. 

Jurisdiction over the water column and the 
subjacent seabed is vested in the adjacent 
State or Territory as if the area formed part of 
that State or Territory. 

* The TSB used to determine Coastal Waters 
does not include low tide elevations greater 
than 3M from the coastline or islands.

As distinguished from

hDps://www.ga.gov.au/scienGfic-topics/marine/jurisdicGon/mariGme-boundary-definiGons
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Territorial Sea (12 nautical mile limit)
The Territorial Sea is a belt of water not 
exceeding 12M in width measured from 
the territorial sea baseline. Australia's 
sovereignty extends to the territorial sea, 
its seabed and subsoil, and to the air space 
above it. This sovereignty is exercised in 
accordance with international law as 
reflected in the Convention. The major 
limitation on Australia's exercise of 
sovereignty in the territorial sea is the right 
of innocent passage for foreign ships. The 
territorial sea around certain islands in the 
Torres Strait is 3M.

From
https://www.ga.gov.au/scientific-
topics/marine/jurisdiction/maritime-
boundary-definitions

https://www.ga.gov.au/scientific-topics/marine/jurisdiction/maritime-boundary-definitions

As distinguished from
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As distinguished from

Contiguous Zone (24 nautical mile limit)

The Contiguous Zone is a belt of water 

contiguous to the territorial sea, the outer 

limit of which does not exceed 24M from the 

territorial sea baseline. 

In this zone, Australia may exercise control 

necessary to prevent and punish 

infringement of its customs, fiscal, 

immigration or sanitary laws and regulations 

within its territory or territorial sea.

From

https://www.ga.gov.au/scientific-

topics/marine/jurisdiction/maritime-

boundary-definitions

https://www.ga.gov.au/scientific-topics/marine/jurisdiction/maritime-boundary-definitions
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As distinguished from
Exclusive Economic Zone (200 nau(cal mile 
limit) is an area beyond and adjacent to the 
territorial sea. The outer limit of the 
exclusive economic zone cannot exceed 
200M from the baseline from which the 
breadth of the territorial sea is measured.  

The outer boundary is mostly 200M from 
the territorial sea baselines. However the 
Proclama(on pulls the boundary back to 
less than 200M in areas of agreed or 
poten(al delimita(on with other countries.  

hEps://www.ga.gov.au/scien(fic-
topics/marine/jurisdic(on/mari(me-
boundary-defini(ons

https://www.ga.gov.au/scientific-topics/marine/jurisdiction/maritime-boundary-definitions
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The Continental Shelf is the area of the 
seabed and subsoil which extends beyond 
the territorial sea to a distance of 200M 
from the territorial sea baseline and 
beyond that distance to the outer edge of 
the continental margin as defined in Article 
76 of the Convention. 

The continental shelf is largely coextensive 
with the exclusive economic zone within 
200M from the territorial sea baselines 
(there are certain areas between Australia 
and Indonesia and Australia and Papua 
New Guinea where they are not 
coextensive).

https://www.ga.gov.au/scientific-
topics/marine/jurisdiction/maritime-
boundary-definitions

https://www.ga.gov.au/scientific-topics/marine/jurisdiction/maritime-boundary-definitions

As distinguished from
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Australia's Maritime Zones Map summary

https://www.ga.gov.au/scientific-topics/marine/jurisdiction/maritime-boundary-definitions

Page 891



Example of part of the AFZ. 

Northern prawn fishery
h8ps://www.ga.gov.au/scien@fic-topics/marine/jurisdic@on/mari@me-boundary-defini@ons
Extracted July 9th 2019

The AFZ is established 
through the Fisheries 
Management Act 1991 and 
relates only to the use or 
protection of 
Commonwealth fisheries. 
The AFZ covers an area of 
over 8 million square 
kilometres."
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Reference1

http://www.agriculture.gov.au/fisheries/domestic/zone

As a matter of Australian domestic law, 
the Offshore Constitutional Settlement provides 
for the Australian states and the Northern 
Territory to manage fisheries out to 3 nautical 
miles from the coast, and for the Australian 
Government to manage fisheries from three to 
200 nautical miles. 

However, these default arrangements are 
frequently varied through instruments known as 
offshore constitutional settlement arrangements. 
For example the beam trawling fishery in 
Queensland.

Example of part of a Offshore Constitutional 
Settlement.
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Queensland's commercial fisheries
"A commercial fishery is an aquatic region where 
licensed commercial fishers operate, catching fish 
species for profit.

In Queensland, commercial fisheries extend 
throughout tidal waters, from river estuaries to the 
Queensland East Coast Offshore Constitutional 
Settlement Boundary near the edge of the 
continental shelf. They operate from the New South 
Wales border in South East Queensland to the Gulf of 
Carpentaria.

Commercial fisheries are categorised according to 
the species they target and the fishing gear they 
use."

Reference
https://www.business.qld.gov.au/industries/farms-fishing-forestry/fisheries/commercial-
fishing-qld/fisheries
Extracted July 9th 2019
And
https://www.environment.gov.au/system/files/pages/6156a2e6-e342-4a69-b3c6-
b9b9e5178c1b/files/river-beam-trawl-submission.pdf

Catch and Effort Distribution of Key Species in the East Coast 
Otter Trawl Fishery
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EXAMPLE
Trawl fisheries
The trawl fishery is Queensland's largest commercial fishery, with about 600 vessels catching up to 
10,000 tonnes of product each year. There are 2 basic types of trawling: otter trawling and beam 
trawling. The otter trawl fishery is by far the larger, accounting for about 95% of the total harvest 
taken each year.

The East Coast Trawl Fishery comprises 9 separate fishery symbols:
• T1, Trawl Fishery (Cape York to QLD/NSW border excl Moreton Bay); 
• T2, Trawl fishery (Concessional); 
• T5-T9 Beam Trawl areas;
• M1 and M2  Moreton Bay Trawl

https://www.business.qld.gov.au/industries/farms-fishing-forestry/fisheries/commercial-fishing-
qld/fisheries
Extracted July 9th 2019

T 147 East coast prawn catch
https://www.environment.gov.au/system/files/pages/6156a2e6-e342-4a69-b3c6-
b9b9e5178c1b/files/river-beam-trawl-submission.pdf
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https://www.daf.qld.gov.au/__data/asset
s/pdf_file/0004/1423831/Queensland-
Fisheries-Summary-Report.pdf

Research reference 
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T148 Status of Australian 
fisheries

Bob Moffatt
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Syllabus statement
At the end of this topic you should be able to ... 

Infer
that the status of Australian fisheries is due to science-based management, the rule of 
law and good governance
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Extrapolate  (infer)

• infer or es/mate by extending or projec/ng known informa/on; 
• conjecture; 
• infer from what is known; 
• extend the applica/on of something (e.g. a method or conclusion) to an 

unknown situa/on by assuming that exis/ng trends will con/nue or similar 
methods will be applicable
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Science based management

"When AFMA talks about science based 
management it means that Commonwealth 
fisheries management decisions are made taking 
into account the best available science, such as 
stock assessments.   

This research informs a range of fisheries 
management frameworks and tools including 
• harvest strategies, 
• ecological risk assessments and 
• sustainable catch limits".1

AFMA Links
Link to harvest strategies
https://www.afma.gov.au/sustainability-
environment/harvest-strategies

Link to ecological risk assessments
https://www.afma.gov.au/sustainability-
environment/ecological-risk-management-strategies

Link to glossary
https://www.afma.gov.au/resources/glossary

Definitions

1 AFMA personal communication

Page 902

https://www.afma.gov.au/sustainability-environment/harvest-strategies
https://www.afma.gov.au/sustainability-environment/ecological-risk-management-strategies
https://www.afma.gov.au/resources/glossary


The definition the UN employs is quite a mouthful:

Reference
https://www.justiceinitiative.org/voices/three-
principles-to-strengthen-the-rule-of-law

The rule of law

“The term rule of law refers to a principle of governance 

in which all persons, insBtuBons and enBBes, public and 

private, including the state itself, are accountable to 

laws that are publicly promulgated, equally enforced 

and independently adjudicated, and which are 

consistent with internaBonal human rights norms and 

standards.” 

A simple one could 
be -

the rules set out to 
control fishing.
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The United National, Economic and Social 
Commission for Asia and the Pacific (ESCAP) defines 
good governance as a subjective term that describes 
how public institutions conduct public affairs and 
manage public resources in the preferred way.

The term governance can apply to corporate, 
international, national, local governance or to the 
interactions between other sectors of society.

Good governance

Governance is 

"the process of decision-making 

and 

the process by which decisions 
are implemented (or not 
implemented)".1

[1] https://www.unescap.org/resources/what-good-governance
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Objective

Using the tuna and billfish fishery as an example, infer that the 
following fisheries management strategies contribute to fish stocks 
for the future  
• science-based management
• the rule of law and 
• good governance
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h"ps://www.afma.gov.au/fisheries/eastern-tuna-and-billfish-fishery-page

Tuna
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By 663highland - Own work, CC BY 2.5, https://commons.wikimedia.org/w/index.php?curid=20737570

End product - Tuna in sushi.
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https://www.afma.gov.au/fisheries/eastern-tuna-and-billfish-fishery-page

The fishery
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Science based management

So how are 

• harvest strategies, 
• ecological risk assessments and 
• sustainable catch limits

Used to manage this fishery?
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Harvest strategies

A harvest strategy sets out a decision framework necessary to achieve 
defined biological and economic objectives for commercial fish stocks in a 
given fishery. 

It is sometimes referred to as a management procedure. 

Harvest strategies outline:

• processes for monitoring and assessing the biological and economic 
conditions of commercial fish species within fisheries against fishery-
specific reference levels (a reference point or points)

• pre-determined rules that control fishing activity according to the 
biological and economic conditions of the fishery (as defined by 
monitoring or assessment) — these rules are referred to as harvest 
control rules or decision rules.
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h"ps://www.afma.gov.au/sustainability-environment/harvest-strategies

Example Tuna  Note: ETBF is Eastern Tuna and Billfish Fishery
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In pursuing its ecologically sustainable 
development (ESD) objective the 
Australian Fisheries Management 
Authority (AFMA) takes an ecosystem-
based approach to fisheries by managing 
the effects of commercial fisheries on the 
marine environment.

Ecological risk assessments

https://www.afma.gov.au/sustainability-
environment/ecological-risk-management-strategies
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The Ecological Risk Assessment for the Effects of 
Fishing (ERAEF) was designed to support the pursuit 
of ecological sustainable development (ESD) in 
Commonwealth fisheries. 

Ecological risk assessments are used to identify 
which species, habitats or communities are at risk 
from the effects of fishing.

By NOAA - NOAA's Fishwatch, 
hIp://www.fishwatch.gov/seafood_profiles/species/tuna/imgs/
tuna_FFinder.png, Public Domain, 
hIps://commons.wikimedia.org/w/index.php?curid=22528422
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Example

https://www.afma.gov.au/sustainability-environment/harvest-strategies

Tuna ris
k 

asse
ssm

ent 

example

It considers the 
impacts of fishing on
• commercial 

species, 
• by product species, 
• bycatch species, 
• protected species, 

and 
• habitats and 

communities.
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Sustainable catch limits (also called total allowable catch - TAC)

A TAC represents the amount of fish of a particular 
species that can be taken from a fishery in prescribed 
period. 

https://www.afma.gov.au/fisheries/eastern-tuna-and-billfish-fishery-page

So in 2019 
only 2,400 
tonnes of 
Tuna can be 
caught
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The definition the UN employs is quite a mouthful:

Reference
https://www.justiceinitiative.org/voices/three-
principles-to-strengthen-the-rule-of-law

The rule of law

“The term rule of law refers to a principle of governance 

in which all persons, institutions and entities, public and 

private, including the state itself, are accountable to 

laws that are publicly promulgated, equally enforced 

and independently adjudicated, and which are 

consistent with international human rights norms and 

standards.” 

Bob Moffatt
Copyright Bob Moffatt.  May be used under Creative 
Commons CC 4.0 BY-NC-SA 
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“It requires, as well, measures to ensure 

adherence to the principles of supremacy of law, 

equality before the law, accountability to the law, 

fairness in the application of the law, separation 

of powers, participation in decision-making, legal 

certainty, avoidance of arbitrariness and 

procedural and legal transparency.”

Reference
https://www.justiceinitiative.org/voices/three-
principles-to-strengthen-the-rule-of-law

Bob MoffaF Copyright Bob MoffaF.  May be used under CreaHve 
Commons CC 4.0 BY-NC-SA 
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The rule of law - example

A commercial fisher has to fill out a logbook each day recording catch details. Put another 
way – if a 
commercial 
prawn fisher 
does not fill 
this out the 
rule of law 
will be 
applied 
according to 
the current 
fisheries 
regulation.s

Qld Fisheries (Reproduced with permission)
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Fisheries 
have to 
powers to 
board a 
vessel at 
night or carry 
out gear 
inspections 
and examine 
catch.

Qld Fisheries (Reproduced with permission)
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https://www.afma.gov.au/sites/default/files/uploads/2018/03/2018-
ETBF-Management-Arrangements-booklet-FINAL.pdf

Example - Tuna
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The United National, Economic and Social Commission for Asia 
and the Pacific (ESCAP) defines good governance as 

Good governance

a subjective term that describes how 
public institutions conduct public 
affairs and manage public 
resources in the preferred way.

Reference
[1] https://www.unescap.org/resources/what-good-
governance.
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Governance is "the process of decision-making and 
the process by which decisions are implemented (or 
not implemented)".1

The term governance can apply to corporate, 
international, national, local governance or to the 
interactions between other sectors of society.

Murray Waite copyright.  Reproduced with permission.
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EXAMPLE 
This means setting up the authority to manage the laws and collect 
the science based evidence. The governing body is the AFMA.

T 27 Men=oned this 
– stakeholder 
educa=on

https://www.afma.gov.au
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The AFMA website is 
a good example of 
good governance

https://www.afma.gov.au
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Community perceptions of the Australian 
fishing industry has changed. 

Since 2011, community 
perceptions have 
changed with more 
than 40% believing our 
industry is sustainable.

Reference
file:///Users/homeimac/Downloads/2017%20-
%20Community%20Perceptions%20Australian%20
Fishing%20Industry.pdf

https://www.afma.gov.au
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Worksheet 
148

Aussie Aussie 
Aussie
by 

Gail Riches

www.marineeducation.com.au
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T149 Australian seafood 
exports and imports

Bob Moffatt
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Syllabus statement
At the end of this topic you should be able to ... 

Identify 

an example of a major Australian edible seafood export product and an import 
product
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Identify

- dis%nguish; 
- locate, recognise and name; 
- establish or indicate who or what someone or something is; 
- provide an answer from a number of possibili%es; 
- recognise and state a dis%nguishing factor or feature
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Objective

Distinguish common imported seafood products 
using price per kg an labelling.
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Major wild catch exports – Tuna v’s Rock lobster

http://www.agriculture.gov.au/abares/Documents/AustraliaCommercialFisheriesAquaculture20181218_v1.0.0.pdf
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Wild catch v’s 
aquaculture

Aquaculture of salmon 
has been higher than 
wild catch of rock 
lobster

http://www.agriculture.gov.au/abares/Documents/AustraliaCommercialFisheriesAquaculture20
181218_v1.0.0.pdf
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Salmon is a major export product.

At $25 per kg it’s a lot cheaper 
than red meat or wild caught reef 
fish which can sell for $65 per kg 
at the fish shop.

http://www.agriculture.gov.au/Sit
eCollectionDocuments/fisheries/a
us-seafood-trade.pdf

hCps://seafoodhomedelivery.com.au/product/salmon-tasmanian-whole/
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In Australia rock lobsters are expensive

https://www.manettas.com.au/product/eastern-rock-lobster-cooked-sydney/
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Australia exports high value products 
such as rock lobster.

About 98 per cent of the 
6,300 tonnes caught in WA 
each year is air freighted live 
to China, where the best 
product can fetch more than 
$80 a kilogram wholesale.

Read more
http://www.agriculture.gov.au/SiteCollectionDocument
s/fisheries/aus-seafood-trade.pdf

Reference
https://www.abc.net.au/news/2018-05-02/western-rock-lobsters-from-wa-live-export-to-
china/9716556
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Australia’s seafood imports largely consist of 
lower-value products such as 
• frozen fillets
• frozen prawns and 
• canned fish.

Imported products, predominantly from 
Thailand, New Zealand, Vietnam and China, 
meet Australian consumers’ demand for low-
cost seafood products.

http://www.agriculture.gov.au/SiteCollection
Documents/fisheries/aus-seafood-trade.pdf

Imports
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The canned fish consumed in Australia generally consists of low-value 
tuna products, such as skipjack tuna.

Almost all canned tuna sold in Australia comes from Thailand, which 
produces around half of the canned tuna traded in the world.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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The low production and labour costs of canning in South East Asian 

countries makes it difficult for Australia to compete. 

These countries also have geographical advantages over Australia, being 

closer to tuna stocks and having preferred access to major markets.

No significant canning of tuna has taken place in Australia since May 2010.

http://www.agriculture.gov.au/SiteCollectionDocum

ents/fisheries/aus-seafood-trade.pdf
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Frozen fish fillets are also imported

https://www.woolworths.com.au/
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Basa is a species of catfish native to the Mekong and Chao Phraya basins in Indochina.

By Alpha - Flickr: Basa fish - Vinh Long Market, CC BY-SA 2.0, hGps://commons.wikimedia.org/w/index.php?curid=14532152
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Hoki is one of New Zealand’s most commercially important 
deepwater fisheries. Hoki are caught by trawling within four main 
fishing regions off New Zealand’s South Island: on the Chatham 
Rise, Campbell Plateau, along the West Coast, and in Cook Strait.

Since 2001, the New Zealand hoki fisheries have been certified as 
meeting the very high seafood sustainability standards required by 
the Marine Stewardship Council, they were the first major 
whitefish fishery in the world to do so.

https://www.mpi.govt.nz/fisheriesnz

https://www.coles.com.au/
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https://www.accc.gov.au/publications/country-of-origin-food-labelling

So how can you tell what’s 
grown in Australia and what’s 
not?

The Australian food 
labelling guide hold the 
answer.
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In  this guide

h"ps://www.accc.gov.au/publica2ons/country-of-origin-food-labelling
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So you can tell if the barramundi you want to buy is 
from Australia.

https://www.woolworths.com.au
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Or the prawns

https://www.coles.com.au/
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Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 

Example
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As opposed to made in 
Australia, but could be canned 
overseas.

Example

https://www.accc.gov.au/publications/country-of-origin-food-labelling

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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Discussion – where have the fish fingers come from?

https://www.coles.com.au/
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Reference

Australia's seafood trade

The amount of seafood (edible and non-edible) produced in 
Australia has remained relatively stable over the last two decades 
at around 230 000 tonnes per year. 

Australia differs from many other developed countries in that a 
significant proportion of Australian product, which could 
otherwise supply the domestic market, is sold to export markets. 

Australian fisheries exports are dominated by high-value 
products—such as rock lobster, premium tuna species and 
abalone—while imports largely consist of lower value products—
such as canned fish and frozen fillets.

Reference
http://www.agriculture.gov.au/fisheries/aus-seafood-trade

http://www.agriculture.gov.au/SiteCollectionDocume
nts/fisheries/aus-seafood-trade.pdf

Page 949

http://www.agriculture.gov.au/SiteCollectionDocuments/fisheries/aus-seafood-trade.pdf


Australia’s seafood trade

It has been estimated that around 70 per 
cent of the edible seafood Australians 
consume (by weight) is imported, 
predominantly from Asia. 

With such a long coastline and a 
relatively small population, people often 
question why Australia imports so much 
of its seafood.

http://www.agriculture.gov.au/fisheries/
aus-seafood-trade

http://www.agriculture.gov.au/abares/Pages/trade0424-17.aspx
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Worksheet 
149

Exports and 
Imports
by 

Gail Riches

www.marineeducation.com.au

Page 951



T150 Why do we import 
seafood?

Bob Moffatt

Page 952



Syllabus statement
At the end of this topic you should be able to ... 

Examine

the factors that lead to a higher proportion of the seafood consumed in Australia 
being imported
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Examine  (investigate)

• investigate, inspect or scrutinise; 
• inquire or search into; consider or discuss an argument or concept in a way 

that uncovers the assumptions and interrelationships of the issue
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Objectives

To look a a series of graphs to determine why a 
higher propor5on of the seafood consumed in 
Australia is imported
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Reference to graphs

Australia's seafood trade

The amount of seafood (edible and non-edible) produced in 
Australia has remained relatively stable over the last two decades 
at around 230 000 tonnes per year. 

Australia differs from many other developed countries in that a 
significant proportion of Australian product, which could 
otherwise supply the domestic market, is sold to export markets. 

Australian fisheries exports are dominated by high-value 
products—such as rock lobster, premium tuna species and 
abalone—while imports largely consist of lower value products—
such as canned fish and frozen fillets.

Reference
http://www.agriculture.gov.au/fisheries/aus-seafood-trade

http://www.agriculture.gov.au/SiteCollectionDocume
nts/fisheries/aus-seafood-trade.pdf
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Australians love seafood. 

We eat more and more of it each year. 

This is a good thing as fish are a healthy source of 
protein and essential fatty acids and are 
recommended as an important part of a good diet 
(Heart Foundation 2008; NHRMC 2013).

Reference
http://www.agriculture.gov.au/fisheries/aus-
seafood-trade/ast

https://www.medicalnewstoday.com/articles/323661.php
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The Australian dollar
Globally, Australia is a small producer and exporter of fisheries 
and aquaculture products and the prices Australian producers 
receive are generally set on world markets in foreign currencies. 

A depreciating Australian dollar generally results  in producers 
receiving a higher export price in Australian dollar terms.

Ie When the dollar is low our exporters make money.

An appreciating Australian dollar results in a lower export price.
Ie. When the dollar is high, our exporters loose money.

https://www.austrade.gov.au/
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Who benefits from a 
weak dollar?

A weak currency may help a 
country's exports gain market 
share when its goods are less 
expensive compared to goods 
priced in stronger currencies. 

The increase in sales may boost 
economic growth and jobs, 
while increasing profits for 
companies conducting business 
in foreign markets.

Who benefits from a 
strong dollar?

A strong dollar or increase in 
the exchange rate 
(apprecia@on) is oBen beCer 
for individuals because it 
makes imports cheaper and 
lowers infla@on. 

This gives individuals more 
purchasing power in the 
world marketplace.
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https://tradingeconomics.com/australia/currency

In 2019 the Aussie dollar was at an all time low.
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This should make the price of Australian 
seafood more competitive, and boost 
the Australian economy by creating 
more jobs in the fishing/aquaculture 
industries.

This is why industry encourages 
government expenditure with low 
interest rates and a low dollar.

Photograph Copyright Viewfinder. Reproduced with permission.
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The price of boat fuel
If fuel costs go up, 
profit goes down 
and Australian 
prices go up.
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The values of exports and imports have also changed over recent years.

h8p://www.agriculture.gov.au/abares
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However if you plot historic data where the Australian dollar was high, the value of 
imports become cheaper and the value of these will rise

Source:  Modified QCAA original - http://www.agriculture.gov.au/abares
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For discussion
What other factors could lead to a higher 
proportion of the seafood consumed in 
Australia being imported?

• Cost of Australian labour?

• Over regulation leading to more time 
spent on filling out forms for 
Government agencies than time 
fishing?

• Increased diesel costs?

• Equipment costs?

• Disease?

• Climate change?

By TommyBee - Own work, Public Domain, 
https://commons.wikimedia.org/w/index.php?curid
=2457812
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Visit a local seafood market

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA

Ask how fish are prepared for sale or cooking.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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Worksheet 
150

Fish flying in 
and out
by 

Gail Riches

www.marineeduca4on.com.au
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T151 Economic value of 
fisheries

Bob Moffatt
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Syllabus statement
At the end of this topic you should be able to ... 

Recall

that Australian Fisheries have an economic value.

Note for syllabus rewriters

Should be recall the economic value of Australian  fisheries
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Recall

• remember; present remembered ideas, facts or experiences; 
• bring something back into thought, attention or into one’s mind
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Objective

Use the internet to recall the current economic value of Australian  fisheries
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Economic value is the maximum amount of money a buyer will 
pay for goods or services.

Example: The economic value of prawns at Christmas is $45 
per kg

The economic value of an item changes as the price or quality 
of similar or associated items changes.

Example: The economic value of prawns in winter for $25 per 
kg

Producers use economic value to set prices for their products 
taking into consideration tangible and intangible factors such 
as brand name.

Definition

Page 972



http://www.agriculture.gov.au/abares/research-topics/fisheries/fisheries-
economics/fisheries-forecasts

Australian fisheries and aquaculture statistics, can predict the value of Australian fisheries. 

Current 
value is $3.3 
billion
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http://www.agriculture.gov.au/abares/research-topics/fisheries/fisheries-economics/fisheries-forecasts
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Here are some examples of seafood economic values in .

http://www.agriculture.gov.au/abares/research-topics/fisheries/fisheries-economics/fisheries-forecasts#rock--lobster
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The destinations of these exports also has changed.

Copyright  AFMA, Reproduced with permission. http://www.agriculture.gov.au/abares
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Australia differs from many other 
developed countries in that a 
significant proportion of Australian 
product, which could otherwise 
supply the domestic market, is sold to 
export markets due to price.1

Reference 1 http://www.agriculture.gov.au/SiteCollectionDocuments/fisheries/aus-seafood-trade.pdf

When the Aussie dollar is low, people 
from overseas have more money to 
spend on Australian exports.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA

Australian Fisheries therefore 
have an economic value.
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The economic value also plays in fisheries management.

Copyright  AFMA, Reproduced with permission
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The value of fish resources changes over time, but has remained fairly 
constant over the past 6 years (2014 – 2020).
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https://dfat.gov.au/about-us/publications/Documents/cot-cy-2017.pdf

How does primary production 
value differ from our total export 
market?

Is this relevant to the QCAA 
syllabus topic?1

1 (Ed note)
I think this is poorly worded statement.  If 
you are going to recall a value at least 
compare it to something.
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Worksheet 
151

Ecological 
Economics
by 

Gail Riches

www.marineeducation.com.au
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T152 Total allowable catch

Bob Moffatt
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Syllabus statement
At the end of this topic you should be able to ... 

Explain

monitoring and control of total allowable catch and fixed quotas
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Explain

• make an idea or situation plain or clear by describing 
it in more detail or revealing relevant facts; give an 
account; provide additional information
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Definitions

Total Allowable Catch (TAC) 1

A TAC represents the amount of 
fish of a particular species that 
can be taken from a fishery in 
prescribed period.  

Monitoring

To observe and check the progress or quality of (something) 
over a period of time; keep under systematic review.

Control

To determine the behaviour or 
supervise the running of.

Quota1

A quota unit is not a fixed weight of fish - it is a fixed 
percentage of fish. It's like owning a share in a company.

Reference 1
https://www.daf.qld.gov.au/business.../fisheries/...fisheries.../quota-managed-fisheries

Harvest management strategy video
https://www.youtube.com/watch?time_continue=13
&v=Xg7O9MCLKHA
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Quotas
Quota units are used in commercial fisheries across Australia to manage the sustainability 
of fish stocks, and improve catch rates and profitability by reducing competition. 

https://www.daf.qld.gov.au/business.../fisheries/...fisheries.../quota-managed-fisheries
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Control of total allowable catch 
Fisheries Queensland uses the following methods to monitor commercial fisheries:

• Commercial fishers are required to fill in a daily logbook that records what catch they 
land, where they caught their product, what fishing gear was used, and the <me 
spent fishing.

• Commercial fishers are required to use a vessel monitoring system (VMS) unit, which 
reports the posi<on and ac<vity of their fishing vessels (mainly trawl vessels). 

• Compliance checks where fisheries officers can board vessels, check equipment, 
catch and paperwork.

Reference
hEps://www.business.qld.gov.au/industries/farms-fishing-forestry/fisheries/monitoring-repor<ng/monitoring
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Example of a fishers quota transfer for a Queensland fishery

https://www.business.qld.gov.au/industries/farms-fishing-forestry/fisheries/monitoring-reporting
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Example of a catch disposal record for a Queensland fishery

https://www.business.qld.gov.au/industries/farms-fishing-forestry/fisheries/monitoring-reporting
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Here the commercial fishers can transfer the type of 
quota and units.

https://www.business.qld.gov.au/industries/farms-fishing-forestry/fisheries
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Example – How a tuna fishery uses TAC and 
quotas  
To use tuna from the Eastern Tuna and Billfish fishery to 
explain how TAC and quotas are used to manage the 
fishery.

This is a good lead into T 153 Describe dynamic spatial zoning fish 
management (including e-monitoring) as a fish management technique in 
terms of ecosystem-based management in relation to a case study.

Page 991



Fishing gear
Longline and minor line (including 
handline, troll, rod and reel) fishing 
gear is used in this fishery.

Copyright  AFMA, Reproduced with permission
https://www.afma.gov.au/
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Fishers mainly use longline fishing gear to catch the targeted species. These are very 
long lengths of fishing line with hooks that hang down and have bait attached. The 
longlines are set into the water near the surface and catch the fish individually.

Copyright  AFMA, Reproduced with permission
https://www.afma.gov.au/ Page 993



Copyright  AFMA, Reproduced with permission
https://www.afma.gov.au/
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Copyright  AFMA, Reproduced with permission
https://www.afma.gov.au/
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Total Allowable Catch (TAC)

A TAC represents the amount of fish of a par2cular 
species that can be taken from a fishery in 
prescribed period. 

TACs are set for fish species managed through 
Individual Transferable Quotas ITQs.

Extra for experts
Competitive total allowable catch
A total allowable catch (TAC) under which participants 
are not allocated a portion of the total catch limit but 
the catches from all participants are summed to 
ensure that the sum of all catches does not exceed 
that TAC.

Copyright  AFMA, Reproduced with permission
https://www.afma.gov.au/
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Copyright  AFMA, Reproduced with permission
https://www.afma.gov.au/

Control – is by a statutory fishing right under a quota

Page 997



Individual Transferable Quotas (ITQs) 

ITQs refer to individual portions of a TAC – units of quota 

– which allow the holder to catch that portion of the TAC 

each season. 

The weight value of the ITQs change proportionately to 

changes in the TAC set for a species each season. ITQs are 

fully tradeable and can be sold or leased to other 

persons.

Quota (ITQ) management

A method of management based on output controls 

whereby the TAC is allocated among eligible operators 

and allocated as shares in the annual TAC.

Copyright  AFMA, Reproduced with permission

https://www.afma.gov.au/

Quota

A quota unit is not a fixed 

weight of fish - it is a fixed 

percentage of fish. 

It's like owning a share in a 

company.
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Example
Statutory Fishing Rights
Statutory Fishing Rights (SFRs) are rights 
granted under Sec5on 21 of the Fisheries 
Management Act 1991. The nature of SFRs in a 
fishery is detailed in the management plan 
which creates those rights. 

An SFR may be a right to use a boat, a unit of 
fishing gear, or a quan5ty of catch, or other 
rights as iden5fied in the plan.

There is more 

The average catch that can be removed from a stock over an indefinite period without causing 
further reduction in the biomass of the stock. 

This could be either a constant yield from year to year, or a yield that fluctuates in response to 
changes in abundance.

A TAC represents the amount of fish of a particular species that can be taken from a fishery in 
prescribed period. TACs are set for fish species managed through ITQs.

https://www.legislation.gov.au/Details/F2011L00120
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Copyright  AFMA, Reproduced with permission
https://www.afma.gov.au/

TAC – determined annually by AFMA
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Quotas can also be effort 
based  
Effort based quota entitles a fisher to use a certain 
amount of fishing gear (such as a length of net, 
number of hooks, etc.. depending on the type of 
fishing and gear used). 

Fishers can only use the amount of fishing gear for 
which they have quota. 

TAE can also be changed seasonally so that effort levels 
are sustainable and maximise net economic returns.

TAE 
Total Allowable Effort

Page 1001



Monitoring – by satellite, cameras, port 
inspection and officers who can board boats

Copyright  AFMA, Reproduced with permission
h8ps://www.afma.gov.au/
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Copyright  AFMA, Reproduced with permission
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Copyright  AFMA, Reproduced with permission
https://www.afma.gov.au/
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Copyright  AFMA, Reproduced with permission
https://www.afma.gov.au/
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Case study or research activity

Reference
https://publications.qld.gov.au/dataset/queensland-
sustainable-fisheries-strategy

To get this one you will have to google the words in the pdf below.

Page 1006



About the Coral reef fin fish fishery
The CRFFF operates predominantly in the Great 
Barrier Reef Marine Park (GBRMP) and use a line-
only method of fishing. 

• Commercial operators target high-value coral 
trout for live-export. 

• Coral trout, as well as red throat emperor and a 
wide range of coral reef species, are also landed 
as whole chilled product or processed at sea and 
do not form part of the live-trade market. 

• With an estimated gross value of production of 
around $31 million per year, the CRFFF is 
Queensland’s second most valuable fishery.

With an esLmated 
gross value of 
producLon of 
around $31 million 
per year, the CRFFF 
is Queensland’s 
second most 
valuable fishery.
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Worksheet 
152

Sharing Pieces 
of the Fish Pie
by 

Gail Riches

www.marineeducation.com.au
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T153 Spatial zoning fish 
management

Bob Moffa9
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Syllabus statement
At the end of this topic you should be able to ... 

Describe

dynamic spatial zoning fish management (including e-monitoring) as a fish 
management technique in terms of ecosystem-based management in relation to a 
case study
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Describe

• give an account (written or spoken) of a situation, event, pattern or 
process, or of the characteristics or features of something
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is management that changes in space and .me in response to the shi1ing 
nature of the ocean and its users based on the integra.on of 
• new biological, oceanographic, social and/or economic data in near 

real-.me.

Definition - dynamic management 

Reference
Dynamic ocean management: Defining and conceptualizing real-time management of the ocean
Sara M.Maxwell et al  https://doi.org/10.1016/j.marpol.2015.03.014
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If you are reading journals for this one, 
note …

Temporal and spatial

Temporal is a fancy term referring to comparisons 
made with respect to the passage of time. ... If two 
events differ temporally, they happen at different 
points in time.

Spatial, on the other hand, refers to comparisons or 
references with respect to 3D space.

Further
https://www.quora.com/What-is-the-meaning-of-
temporal-and-spatial-in-simple-terms

In very simple terms, 
temporal is anything 
related to time and spatial 
means anything related to 
space.
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Objective

Describe dynamic spatial zoning fish 
management (including e-
monitoring) as a fish management 
technique in terms of ecosystem-
based management in relation to 
southern bluefin tuna (Thunnus
maccoyii)

Copyright  AFMA, Reproduced with permission https://www.afma.gov.au/
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Defini&on - E monitoring

Electronic monitoring (e-monitoring) is a system of video cameras and sensors capable of 
monitoring and recording fishing activities, which can be reviewed later to verify what fishers 
report in their fishing logbooks.1

Reference1
https://www.afma.gov.au/monitoring-enforcement/electronic-monitoring-program
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https://www.youtube.com/watch?v=2qWTAZ8hmOY

Rolling out vessel tracking across Queensland 
commercial fisheries

The Strategy sets out clear 
targets to be achieved and a 
range of actions to deliver 
on the vision and these 
targets, including rolling out 
vessel tracking across all 
commercial and charter 
boats by 2020. Vessel 
tracking will help Fisheries 
Queensland carry out real-
time monitoring of the 
commercial fishing fleet.

https://www.daf.qld.gov.au/business-
priorities/fisheries/monitoring-compliance
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Case study 1

h"ps://www.afma.gov.au/fisheries/eastern-tuna-and-billfish-fishery-page
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Wiki, CC SA BY 3.0 
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Copyright  AFMA, Reproduced with permission https://www.afma.gov.au/
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Copyright  AFMA, Reproduced with permission https://www.afma.gov.au/

Page 1020



Copyright  AFMA, Reproduced with permission https://www.afma.gov.au/ Page 1021



So how does dynamic spatial zoning fish management (including e-monitoring) help manage 
this fishery?

We have to go back to some amazing research done by two Australian scientists in 2009.

You can have a 
look at their 
original research 
for $7

Reference
https://onlinelibrary.wiley.com/doi/abs/10.
1111/j.1365-2419.2010.00540.x

OR it could be free at …
hSp://www.cmar.csiro.au/biologging4/documents/FOG_finalversion.pdf
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Dynamic spatial zoning management involves firstly the description of habitat and this was 
made possible with the use of pop-up satellite archival tags (PSAT).

By TwistedGray - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=19894845
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https://en.wikipedia.org/wiki/Pop-
up_satellite_archival_tag

By OpenCage - opencage.info, CC BY-SA 2.5, 
https://commons.wikimedia.org/w/index.php?curid=
1584724

Watch the movie

A satellite tag is generally constructed of several 
components: a data-logging section, a release 
section, a float, and an antenna. 

The release sections include an energetically popped 
off release section or a corrosive pin that is actively 
corroded on a preset date or after a specified period 
of time.

Page 1024
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The scientists approach combined a 

habitat model conditioned with 

temperature preference data from 56 

pop-up satellite archival tags deployed 

on SBT, and an ocean model to produce 

near real-time habit at pre-dictions 

utilized by fishery managers during the 

fishing season. 

Copyright 

hAp://www.cmar.csiro.au/biologging4/documents/FOG_final

version.pdf. Reproduced with permission.
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This model produced a near real-time probability map of SBT 
occurrence on the east coast of Australia. 

Copyright http://www.cmar.csiro.au/biologging4/documents/FOG_finalversion.pdf. Reproduced with permission. Page 1026
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So a dynamic spatial zoning fish management was able to be drawn up by AFMA based on the 
work of these scientists where management is controlled by science.

Copyright  AFMA, Reproduced with permission https://www.afma.gov.au/ Page 1027



Monitoring

https://www.afma.gov.au/fisherie
s/southern-bluefin-tuna-fishery
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Case study 2
The Southern and Eastern Scalefish and Shark Fishery 

h6ps://www.afma.gov.au/fi
sheries/southern-eastern-
scalefish-shark-fishery
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Case study 2 Research article
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0084242

Down load 
the article
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Fulton EA, Smith ADM, Smith DC, Johnson P (2014) An Integrated Approach Is Needed for Ecosystem Based Fisheries Management: Insights from 
Ecosystem-Level Management Strategy Evaluation. PLOS ONE 9(1): e84242. https://doi.org/10.1371/journal.pone.0084242
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0084242

Study area
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Management strategy descriptions in this journal 
article are:

The four strategies are  outlined. 
• 2003 Status quo
• Enhanced quota management
• Integrated management
• Conservation dominated management

Spatial management strategies SpaBal refers to 
comparisons or 
references with 
respect to 3D space.
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Select the management strategy that depends on the most extensive use of spatial monitoring. 

The objective is to 

Fulton EA, Smith ADM, Smith DC, Johnson P (2014) An Integrated Approach Is Needed for Ecosystem 
Based Fisheries Management: Insights from Ecosystem-Level Management Strategy Evaluation. PLOS 
ONE 9(1): e84242. https://doi.org/10.1371/journal.pone.0084242
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0084242 Page 1033
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Definition - status quo
Eg: No change to the 2003 status quo management arrangements

Examples:

“The fishery is a limited entry licence-based fishery with individual transferable 
quotas applied to 17 key target species; 

• the level of the annual quota is dictated by a total allowable catch (TAC) 
estimate calculated from catch trends. 

Vessels may fish without quota on the proviso that all landings are reconciled with 
quota (owned or leased in) by the end of the calendar year. “

Page 3
Fulton EA, Smith ADM, Smith DC, Johnson P (2014) An Integrated Approach Is Needed for Ecosystem 
Based Fisheries Management: Insights from Ecosystem-Level Management Strategy Evaluation. PLOS 
ONE 9(1): e84242. https://doi.org/10.1371/journal.pone.0084242
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0084242
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Enhanced quota management 
“Major changes to the quota management system (QMS) in relation to the 2003 status quo 
strategy, but most input controls are retained. 

Examples
This strategy envisages the ongoing extension of the QMS as the main tool applied to future 
management of the fishery. 

• Under this strategy, all species of commercial or conservation concern (beginning with the 30 
most important commercial, bycatch and endangered species) come under the QMS through 
application of single species or basket quotas (where quota is set in aggregate for a group of 
species rather than individually). 

• The strategy also involves the application of spatial controls for the major sectors, based on 
controlling the depths that specific gear types may access to minimise physical gear interactions 
and reduced tensions between sectors due to gear disturbance or destruction. ”

Page 3
Fulton EA, Smith ADM, Smith DC, Johnson P (2014) An Integrated Approach Is Needed for Ecosystem 
Based Fisheries Management: Insights from Ecosystem-Level Management Strategy Evaluation. PLOS 
ONE 9(1): e84242. https://doi.org/10.1371/journal.pone.0084242
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0084242
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Integrated management
“This strategy explores taking a balanced approach across all management op7ons, tailoring 
their implementa7on to what will best address each of the fishery objec7ves in turn. 

Example
• In this strategy regional quotas are set for 17 key target groups and groups of 

conserva7on concern (e.g. gulper sharks) on a 1–3 year cycle, following 7ered harvest 
control rules. 

• Quota is required to be reconciled at the 7me of landing and discards are accounted for 
in the quota seJng process. 

• This strategy also sees wider use of spa7al management to deal with objec7ves that 
cannot be addressed in other ways – including specifying separate areas of gear 
opera7on (to minimise conflict over gear interac7ons) and extensive use of area closures 
to protect key habitats, spawning loca7ons of target or vulnerable species and the like.

Pages 3 - 5
Fulton EA, Smith ADM, Smith DC, Johnson P (2014) An Integrated Approach Is Needed for Ecosystem 
Based Fisheries Management: Insights from Ecosystem-Level Management Strategy Evaluation. PLOS 
ONE 9(1): e84242. https://doi.org/10.1371/journal.pone.0084242
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0084242
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Conservation dominated management 
Examples

“Under this strategy, the quota management system remains in place for the 17 key 
target species. 
Regional quotas are set on a 1–3 year cycle, following tiered harvest control rules, with 
the requirement to account for discarding and the reconciliation of landings against 
quota at the time of landing. 

Stringent restrictions on vessel size and power are introduced to constrain effort, 
although gear restrictions (i.e. gear type to be used per sector) are relaxed; with effort 
intentionally reduced through a scheduled buy-back of licenses and retirement of 
associated boats 5 years after the management strategy begins.”

Page 5
Fulton EA, Smith ADM, Smith DC, Johnson P (2014) An Integrated Approach Is Needed for Ecosystem 
Based Fisheries Management: Insights from Ecosystem-Level Management Strategy Evaluation. PLOS 
ONE 9(1): e84242. https://doi.org/10.1371/journal.pone.0084242
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0084242
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“The key difference between this strategy and the other three is the 
definition of a detailed and comprehensive system of spatial management 
zones. 

This inverts the typical marine zoning paradigm of ‘‘most areas open to 
exploitation, with a moderate proportion closed to exploitative behavior’’.

• Instead this strategy closes large areas of the fishery (as much as 80% 
or more of some habitat types), leaving open clearly defined fishing 
‘‘paddocks’’ (i.e. areas of fishable sea bottom open to fishing) in each 
depth zone outside of 3 nm and shallower than 800 m (all areas closer 
to shore than 3 nm or deeper than 800 m are closed to all SESSF 
fishing).

• Pages 3 - 5

Fulton EA, Smith ADM, Smith DC, Johnson P (2014) An Integrated Approach Is Needed for Ecosystem 
Based Fisheries Management: Insights from Ecosystem-Level Management Strategy Evaluation. PLOS 
ONE 9(1): e84242. https://doi.org/10.1371/journal.pone.0084242
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0084242
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The conservation-dominated strategy 
depends on the extensive use of 
spatial management (that effectively 
closes .80% of all fishing grounds), 
which leads to solid conservation-
based performance (Figure 4)

Pages 3 - 5
Fulton EA, Smith ADM, Smith DC, Johnson P (2014) An Integrated Approach Is Needed for Ecosystem 
Based Fisheries Management: Insights from Ecosystem-Level Management Strategy EvaluaRon. PLOS 
ONE 9(1): e84242. hUps://doi.org/10.1371/journal.pone.0084242
hUps://journals.plos.org/plosone/arRcle?id=10.1371/journal.pone.0084242
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Also four-fold increases in CPUE for 
key target species (Figure 2G).

However, this comes at a significant 
industry and human cost. High 
levels of competition on fishing 
grounds that remain open, with 
little scope for effort displacement, 
leads immediately to a drop in 
effort and catches (Figure 2D–E) -
even before a scheduled buyback.

Page 7 

Fulton EA, Smith ADM, Smith DC, Johnson P (2014) An 
Integrated Approach Is Needed for Ecosystem Based 
Fisheries Management: Insights from Ecosystem-Level 
Management Strategy Evaluation. PLOS ONE 9(1): 
e84242. 
https://doi.org/10.1371/journal.pone.0084242
https://journals.plos.org/plosone/article?id=10.1371/j
ournal.pone.0084242
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T154 Fisheries precautionary 
principles

Bob Moffatt
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Syllabus statement
At the end of this topic you should be able to ... 

Describe

the use of the precautionary principle as applied to ecosystem management.
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Describe

• give an account (written or spoken) of a situation, event, pattern or 
process, or of the characteristics or features of something
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Objective

Describe the use of the precautionary principle as 
applied to fisheries management for the Qld fisheries 
management strategy.
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Definition

h"ps://en.wikipedia.org/wiki/Precau5onary_principle
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https://en.wikipedia.org/wiki/Precautionary_principle

Page 1047



Reference
https://www.pc.gov.au/research/support
ing/precaution/precaution.pdf

In Australia the productivity commission has raised concerns as to the 
highly controversial use of the principle.

https://www.pc.gov.au/research/supporting/precaution/precaution.pdf
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https://en.wikipedia.org/wiki/Precautionary_principle

It is interesting to read the debate in wiki – notice the statements that “citation needed” 
and those that say (vague or says who?)”
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The legal system fully examined the application of the precautionary principle in a decision on 
mobile phone towers on a bowls club in NSW.

Telstra wanted to put up a tower on the bowls club roof, the bowls club said – lets have it, but local 
residents complained, so the council took Telstra to court.

h@ps://en.wikipedia.org/wiki/PrecauDonary_principle
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Reference
http://www8.austlii.edu.au/cgi-bin/viewdoc/au/cases/nsw/NSWLEC/2006/133.html

The courts findings were
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http://www8.austlii.edu.au/cgi-bin/viewdoc/au/cases/nsw/NSWLEC/2006/133.html
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The syllabus says
At the end of this topic you should be able to ... 

Describe
the use of the precautionary principle as applied 
to ecosystem management.
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So in the case of the Telstra Corporation 
Limited v Hornsby Shire Council the 
precautionary principal could not be used to 
stop development.

Ed note:

What happens if you quoted this 
as an exam answer?  

Check it out with the QCAA 
examiners first.
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So although the syllabus does not specifically say,  we should look at the 
way precautionary principle applies to fisheries management.

h:ps://en.wikipedia.org/wiki/Precau>onary_principle#cite_note-27
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https://www.daf.qld.gov.au/business-
priorities/fisheries/sustainable/sustainable-fisheries-
strategy/sustainable-fisheries-strategy-overview

The precautionary principle will play a bigger role in the way fisheries are managed.
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CHECK 
BACK

Science-based management

The rule of law and 

Good governance
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https://www.afma.gov.au/sustainability-environment/harvest-strategies

You learnt that harvest strategies and total allowable catch are examples of how the 
precautionary principle can be applied to fisheries management.
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Worksheet 154

The 
PreCAUTIONary
Principle

by 

Gail Riches
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Queensland marine science syllabus guide

Unit 4 Ocean issues and 
resource  management

Topic 2: Managing fisheries

C. Aquaculture
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T155 Aquaculture and food 
security

Bob Moffatt
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Syllabus statement
At the end of this topic you should be able to ... 

Recognise

why the current state of aquaculture in the world cannot address food security
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Recognise (e.g. features)

• identify or recall particular features of information from knowledge; 
• identify that an item, characteristic or quality exists; 
• perceive as existing or true; be aware of or acknowledge 
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Objectives

a. To give examples of how each of the following may contribute to the 
current state of aquaculture not being able to address food security.

1. Increased fish feed extraction from the world’s oceans.
2. Environmental degradation and reduced water quality.
3. Lack of governance and regulation in production.
4. Disease.

b. To examine new research developed on fish-free aquaculture feed.
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Food security
The World Food Summit of 1996 defined food security as existing "when all 
people at all times have access to sufficient, safe, nutritious food to 
maintain a healthy and active life".

Commonly, the concept of food security is defined as including both physical 
and economic access to food that meets people's dietary needs as well as 
their food preferences. 

Household food security exists when all members, at all times, have access 
to enough food for an active, healthy life. Food security incorporates a 
measure of resilience to future disruption or unavailability of critical food 
supply due to various risk factors including droughts, shipping disruptions, 
fuel shortages, economic instability, and wars.

Reference
https://foodsecurityindex.eiu.com/
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“It is easy to disparage others 
from developing countries when 
you have a full stomach, turn on 
a power point or turn on a tap 
and clean, safe water comes 
out.”

By © Jorge Royan / http://www.royan.com.ar, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=19742017
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Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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Statement from the syllabus
“Aquaculture productivity is seen as essential to achieving food security. However, it has 
implications for health, sustainable economic development, environmental protection and 
trade. 

It can lead to a focus on farming high yield species, which may in itself lead to a decrease in the 
genetic diversity of global food species. “
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It may be a good 
idea in a gap year 
to do some 
volunteering 
abroard, and then 
come back and 
reconsider your 
views to world 
food security.

https://dfat.gov.au/peo
ple-to-
people/volunteers/Page
s/volunteers.aspx
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Food security in developing countries

Aquaculture is considered the fastest 
developing food-producing sector in the 
world and recognised as a possible 
sustainable solution for food security and 
increased dietary nutrition in developing 
regions. 

Reference:
Fish as food: aquaculture’s contribution: Ecological and economic impacts and contributions 
of fish farming and capture fisheries. James H. Tidwell and Geoff L. Allan
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1084135/ Copyright: See terms: https://www.ncbi.nlm.nih.gov
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The percentage 
of total food 
fish supplied by 
aquaculture
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http://www.fao.org/state-of-fisheries-aquaculture

This report by 
UNSECO does 
not support this

See pages 145 –
146.
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The proportion of 
total aquaculture 
production accounted 
for by different 
taxonomic groups.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1084135/ Copyright: See terms: https://www.ncbi.nlm.nih.gov
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Aquaculture can provide food security for many developing counties.  It is 
important not only for food, but on basic social human needs.

Farmers constructing a shrimp farm in Pekalongan, Indonesia
By Stephen Kennedy – https://www.flickr.com/photos/shkizzle/6774585654/in/photostream, CC BY 2.0, 
https://commons.wikimedia.org/w/index.php?curid=19041568
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Freshwater prawn farm in Bangladesh.
By Balaram Mahalder - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=11167681

Page 1076



These fish-farming ponds were created as a cooperative project in a rural village in 
the Congo.

By DFID - UK Department for International Development - Community fish-farming ponds in the 
rural town of Masi Manimba, DRC, CC BY-SA 2.0, 
https://commons.wikimedia.org/w/index.php?curid=26240290
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In addi'on the majority of 
world aquaculture 
produc'on involves low 
trophic feeding fish such as 
carps, 'lapias, ca<ish and 
milkfish.

Data from
http://www.fao.org/state-of-fisheries-aquaculture

Data Brian Paterson, based on 2018 Global state of fisheries report. Reproduced with permission.
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A Nile tilapia
By Bjørn Christian Tørrissen - Own work by 
uploader, http://bjornfree.com/galleries.html, CC 
BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid
=22958472

Scientists have discovered that marine microalgae can completely replace 
the wild fish oil currently used to feed tilapia, the second most farmed fish 
in the world and the most widely farmed in the United States.1

1. Sarker PK, Kapuscinski AR, Lanois AJ, Livesey ED, Bernhard KP, Coley ML (2016) Towards Sustainable Aquafeeds: 
Complete Substitution of Fish Oil with Marine Microalga Schizochytrium sp. Improves Growth and Fatty Acid 
Deposition in Juvenile Nile Tilapia (Oreochromis niloticus). PLoS ONE 11(6): e0156684. 
https://doi.org/10.1371/journal.pone.0156684
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Some of your students may want to be aid 
volunteers? Travel?

http://theconversation.com/l
et-them-eat-carp-fish-farms-
are-helping-to-fight-hunger-
90421
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By Dezidor - Own work, CC BY-SA 3.0, 
h9ps://commons.wikimedia.org/w/index.php?curid=
2387371

http://theconversation.com/let-them-eat-carp-fish-
farms-are-helping-to-fight-hunger-90421
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Definition
Aquaculture is defined by the Food and 
Agriculture Organization of the United 
Nations as 

“The farming of aquatic organisms including 

fish, molluscs, crustaceans and aquatic plants 

with some sort of intervention in the rearing 

process to enhance production, such as 

regular stocking, feeding and protection from 

predators.”

Ref:

http://www.agriculture.gov.au/fisheries/aqua
culture

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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Some basics of aquaculture
In general the four stages of aquaculture involve a

• hatchery  

• nursery  

• grow-out operation

• getting the produce to market
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Example – Tasmanian salmon

https://shop.coles.com.au/a/a-national/everything/browse/meat-seafood-deli/seafood

Page 1084



https://www.taste.com.au/recipes/one-pan-salmon-broccoli-bake/m8i624wf

Salmon and vegetables grown from your garden make a very healthy meal.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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There are various stages of salmon operations include:
• a hatchery operation which produces fertilised eggs, larvae or fingerlings
• a nursery operation which nurses small larvae to fingerlings or juveniles
• a grow-out operation which farms fingerlings or juveniles to marketable 

sizes.
• transport to market

Copyright Bob Moffatt.  May be used 
under Creative Commons CC 4.0 BY-NC-SA
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There are various stages of aquaculture operations including:
• a hatchery operation which produces fertilised eggs, larvae or fingerlings
• a nursery operation which nurses small larvae to fingerlings or juveniles
• a grow-out operation which farms fingerlings or juveniles to marketable 

sizes.

Copyright Bob Moffatt.  May be used 
under Creative Commons CC 4.0 BY-NC-SA
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Hatchery
Checking eggs in a fish hatchery.

Copyright Bob Moffatt.  May be used under Creative 
Commons CC 4.0 BY-NC-SA

By en:User:Kils -
en:Image:Salmoneggskils.jpg, CC 
BY-SA 3.0, 
hIps://commons.wikimedia.org
/w/index.php?curid=1793693
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Salmon egg hatching into a sac fry  By Uwe Kils - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=213448
Others Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA

Nursery operation 
Salmon egg hatching into a sac fry. In a few days, the sac fry will absorb the yolk sac and 
become a salmon fry.
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Grow-out operation which farms fingerlings or 
juveniles to marketable sizes.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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Supplemental feeding 
salmon in a cage with 
pellets. 

Copyright Bob Moffatt.  May be used under 
Creative Commons CC 4.0 BY-NC-SA

It is in the grow out stage that fish have to be fed and concerns have 
been raised that it takes food out of the sea to do this.
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Fishmeal is made from the bones and offal le2 over from processing fish used for human 
consump9on. Most fishmeal is manufactured from wild-caught, small marine fish; either 
unmanaged by-catch or some9mes sustainable fish stocks. It is powder or cake obtained by 
drying the fish or fish trimmings, o2en a2er cooking, and then grinding it. If the fish used is a 
faCy fish it is first pressed to extract most of the fish oil.1

Reference1
https://en.wikipedia.org/wiki/Fish_meal

Copyright Bob Moffatt.  May be used under 
Creative Commons CC 4.0 BY-NC-SA
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From An Introduction to marine studies pages 148 – 150 Moffatt et al, 2012. Copyright. Reproduced with permission.

Harvesting - where salmon are gilled, gutted and packed in ice.
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Transport to market packaged for transport, taken to Hobart airport and  flown all around 
the world and in the process creating thousands of jobs around Australia.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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Depending on the species being farmed, aquaculture can be carried out 
in freshwater, brackish water or marine water. 

There are a number of different systems that can be used for aquaculture, 
including ponds, tanks, pens and floating cages.

Copyright Bob Moffa@.  May be used under CreaAve Commons CC 4.0 BY-NC-SA

Cage for salmon Tasmania (L)  Pond for Red Claw Mackay Qld (R)
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Aquaculture can be extensive, semi-intensive or intensive, depending on the level of input and output 
per farming area and the stocking density.    Intensive aquaculture involves intervention in the growing 
process, such as with supplemental feeding and water aeration.

If you visit any country in Asia, you will quickly come to realise the importance of aquaculture in food 
security.

https://www.youtube.com/watch?v=yUxHWtStQ8Y

Watch the video
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Extensive aquaculture allows the stock to grow on its 
own, using natural food sources and conditions (such 
as oyster farming).

Copyright Bob Moffatt.  May 
be used under Creative 
Commons CC 4.0 BY-NC-SA
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Aquaculture can be used to 
produce a variety of species 
including fish, molluscs, 
crustaceans and aquatic plants 
for human consumption, or for 
producing ornamental species 
and other products such as 
pearls.

Copyright Bob Moffa>.  May be used under 
Crea?ve Commons CC 4.0 BY-NC-SA
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Forecasts indicate the global 
demand for fish production will 
continue to increase over the 
next decade, driven 
predominately by rising 
populations and urbanisation in 
developing states. 

World population estimates from 
1800 to 2100, based on "high", 
"medium" and "low" United Nations 
projections in 2015 and UN historical 
estimates for pre-1950 data.
By Bdm25 - Own work, CC BY-SA 
4.0https://commons.wikimedia.org/w/index.php?curid=51036438
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PIEFA VIDEO

Exploring the Production and Marketing of Seafood,

www.youtube.com/watch?v=nI30QwK3jAk 
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However the syllabus is asking for you to

Recognise

why the current state of aquaculture in 
the world cannot address food security.
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1Reference:
Fish for the Future: Aquaculture and Food Security
Sinéad Lehane

http://www.futuredirections.org.au/publication/fish-
for-the-future-aquaculture-and-food-security/

In his ar@cle1 – “Fish for the Future: Aquaculture and Food Security”, 
Sinéad Lehane iden@fied the following factors that may contribute to the current 
state of aquaculture not being able to address food security.

1. Increased fish feed extrac@on from the world’s oceans.

2. Environmental degrada@on and reduced water quality.

3. Lack of governance and regula@on in produc@on.

4. Disease.
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1. Increased fish feed extraction from the 
world’s oceans.

Argument for:

Sinéad Lehane :Fish for the Future: 

Aquaculture and Food Security

Reference:

http://www.futuredirections.org.au/publication/fish-

for-the-future-aquaculture-and-food-security/

Wild fish extraction for fish feed has 

threatened ocean stocks and created 

conflict with the demand for fish for 

human consumption.

Powdered fishmeal

By Phu Thinh Co - fish_meal_sk_03corr, CC BY-SA 2.0, 

https://commons.wikimedia.org/w/index.php?curid=56089224
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Forster (1999) points out that, based on classic values of 
energy flows, 10 kg of forage fish are required to produce 1 
kg of a carnivore—such as salmon—in the wild.  A high food 
conversion ratio.

Based on these considerations, even if farmed salmon or 
shrimp do utilise 3 kg of fish to produce 1 kg of weight gain, 
this would actually represent a significant ecological 
advantage compared to 10–15 kg of fish used or wasted in 
the growth and capture of 1 kg of wild salmon or shrimp.

Reference:
Forster J. (1999) Aquaculture chickens, salmon: a 
case study. World Aquaculture Magazine, 30(3), 33, 
35–38, 40, 69–70. 

Argument against:
James H. Tidwell, Geoff L. Allan
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1084135/

By Swiggity.Swag.YOLO.Bro - Own work, CC 
BY-SA 4.0, 
h\ps://commons.wikimedia.org/w/index.php
?curid=40660207

Page 1104



Feed conversion ratio This study found that Chickens and 
Atlantic Salmon had the most efficient 
feed conversion ratios

Reference
[1] Fry, J., Mailoux, N.A., Love, D.C., 
Milli, M.C. and Cao, L. (2018). Feed 
conversion efficiency in 
aquaculture: do we measure it 
correctly? Environmental Research 
Letters, Volume 13. Number 2. 
DOI: 10.1088/1748-9326/aaa273
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“Food conversion ratios (the ratio of biomass of food fed to fish produced) over the past 25 
years have fallen from around 3:1 to around 1.3:1 (GSI, 2017), largely because of better 
feed formulations, feed manufacturing methods and on-farm feed management.”
Page 146

https://www.aquaneo-techna.com/en/productivity/experts/feed-conversion-ratio-farmed-fish

Page 1106



https://www.aquaculturealliance.org/what-we-do/why-it-matters/
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https://iopscience.iop.org/article/10.1088/1748-9326/aaa273/meta Page 1108



2. Environmental degrada1on and reduced water quality

“A key concern with the practice of 
aquaculture is its environmental 
impact and water quality 
degradation from its production 
processes. 
• Effluent water from ponds causing 

environmental pollution, nutrient 
buildup (mostly organic nitrogen 
and phosphorus) and wastes in 
ecosystems, land clearing and 
chemical pollution, are just a few 
of the negative impacts if systems 
are not managed correctly.” 
Sinéad Lehane1

Aquaculture ponds North Queensland
Copyright Queensland Fisheries.  Reproduced with permission.

Sinéad Lehane1
http://www.futuredirections.org.au/publication/fish-for-the-
future-aquaculture-and-food-security/
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Of particular concern is the 
environmental damage to 
oceans from aquaculture.  

Chemical and effluent pollution 
can severely deplete oxygen 
levels in water, create algal 
blooms and kill corals and other 
habitats. 

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA

Page 1110



“Antibiotics added to fishmeal, or chemicals 
added to pens as a disease preventative, flow 
directly into the water. 
Large densities of fish populations in net pens 
increase pollutant outputs into surrounding 
waters, putting increased stress on the marine 
ecosystem. 
• Estimates indicate that a salmon farm of 

200,000 fish releases levels of nitrogen, 
phosphorus and fecal matter equivalent to 
the untreated sewage from over 20,000 
people.” Sinéad Lehane1

Sinéad Lehane1
http://www.futuredirections.org.au/publication/fish-for-the-
future-aquaculture-and-food-security/
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3. Lack of governance and regula2on in produc2on.

“Land degradation and changed 
river ecology caused by inland 
farming are also challenges which 
need to be addressed to ensure 
production has a minimal effect on 
natural biodiversity and 
ecosystems.

Commercial aquaculture poses a 
particular set of problems, with 
large-scale production and limited 
management in some instances 
leading to critical environmental 
damage and irreversible 
ecosystem degradation.”
Sinéad Lehane1

Dead mangroves Sunshine Coast
Image Copyright Qld Fisheries, Reproduced with permission  

Sinéad Lehane1

http://www.futuredirections.org.au/publication/fish-for-the-
future-aquaculture-and-food-security/
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https://www.pc.gov.au/inquiries/completed/agriculture/report/agriculture.pdf

1 Productivity Commission Regulation of Australian Agriculture 2016.

In some cases over regulation can hinder aquaculture productivity1
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4. Disease

Prawn white spot disease
Copyright: Qld Fisheries Service

Disease and chemical contamina;on 
of farmed fish is an ongoing 
management issue for farmers. 

Disease is most o@en caused by 
stress factors, induced by 
environmental changes.

Lowered environmental health, 
increased levels of waste and 
pollutants in waterways, high stock 
density and low quality, all increase 
stock suscep;bility to disease. 
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Worksheet

PIEFA worksheet - production and marketing of seafood. 

http://primezone.edu.au/resources/VIDEO-Exploringseafood.html
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Worksheet 
155

The Blue 
Revolution
by 

Gail Riches

www.marineeducation.com.au
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T156 Analyse ABARES reports

Bob Moffatt
Page 1117



Syllabus statement
At the end of this topic you should be able to ... 

Analyse

Australian Bureau of Agricultural and Resource Economics 
and Sciences (ABARES) fisheries reports to determine 
changes in fisheries practices over the past 10 years, 
including economic contribution of aquaculture relative to 
wild catch, the top five aquaculture species in Australia by 
volume and value
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Analyse

• dissect to ascertain and examine cons.tuent parts and/or their 
rela.onships; 

• break down or examine in order to iden.fy the essen.al elements, 
features, components or structure; 

• determine the logic and reasonableness of informa.on;  
• examine or consider something in order to explain and interpret it, for the 

purpose of finding meaning or rela.onships and iden.fying pa=erns, 
similari.es and differences
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Definitions
ABARES
The Australian Bureau of 
Agricultural and Resource 
Economics and Sciences is the 
research arm of the Australian 
Government Department of 
Agriculture and Water 
Resources.

Their mission is to 
“provide professionally 
independent data, research, 
analysis and advice that informs 
public and private decisions 
affecting Australian agriculture, 
fisheries and forestry.”

Reference
http://www.agriculture.gov.au/abares/about
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http://www.agriculture.gov.au/abares/about
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Fisheries practices 

Fishing practices is a broad term.  This analysis of ABARES reports will consider the fisheries 
practicres in the production figures for the last 10 years in wild caught v’s aquacultured fish.

http://www.agriculture.gov.au/abares/researc
h-topics/fisheries/fisheries-and-aquaculture-
statistics/production-2017#production--by-
sector
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Wild catch fishing practices can include beach and purse seining, trawling, trapping and gang lining.

Copyright Bob Moffa:.  May be used under Crea;ve Commons CC 4.0 BY-NC-SA
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Purse seine

Copyright NSW Fisheries.  Reproduced with permission. Page 1124



Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA

Beach seine
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Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA

Beach seine
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Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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Copyright Bob Moffa0.  May be used under Crea7ve Commons CC 4.0 BY-NC-SA
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Copyright Bob Moffatt.  May be used under Creative Commons 
CC 4.0 BY-NC-SA

Trawling

Copyright Qld Fisheries.  Reproduced with permission. Page 1129



Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA

Trapping
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Gang lining

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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Aquaculture fishing prac2ces  can include sea cages and ponds.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA Page 1132



As well as prawn farm ponds.

Copyright Queensland Fisheries. Reproduced with permission.
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So the syllabus objective was
To analyse fisheries production figures from this page.

http://www.agriculture.gov.au/abares/research-topics/fisheries/fisheries-and-aquaculture-
statistics/production-2017#production--by-sector

http://www.agriculture.gov.au/abares/researc
h-topics/fisheries/fisheries-and-aquaculture-
statistics/production-2017#production--by-
sector
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http://www.agriculture.gov.au/abares/res
earch-topics/fisheries/fisheries-and-
aquaculture-statistics/production-
2017#production--by-sector

The page can be used to determine changes in fisheries pracCces over the 
past 10 years, including economic contribuCon of aquaculture relaCve to 
wild catch, the top five aquaculture species in Australia by volume and 
value
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The ABARES data for the ten year period 2006 – 2016 
is summarised below.

http://www.agriculture.gov.au/abares/research-topics/fisheries/fisheries-and-aquaculture-statistics/production-2017#production--by-sector
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“An analysis of this data by ABARES shows that 
for Wild-catch fisheries

From 2006–07 to 2013–14 wild-catch production 
volume decreased. 
• Most of this reduction was attributed to lower 

volumes of landed finfish. 
• This is due to a number of factors, including 

lower total allowable catches for some species 
and market factors that affected the quantity of 
landings, such as a persistently high Australian 
dollar causing increased import competition. 

• High input costs over the period (for example, 
fuel costs) also contributed to lower volumes of 
landed finfish.”1

1. http://www.agriculture.gov.au/abares/research-topics/fisheries/fisheries-and-aquaculture-
statistics/production-2017#production--by-sector

Copyright Bob Moffatt.  May be used under Creative 
Commons CC 4.0 BY-NC-SA
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“In contrast, wild-caught production volume 
increased by 14 per cent in 2015–16 to an 
eight-year high of 174,247 tonnes. 

• This was largely the result of a 
substantial increase in the catch volume 
of small pelagic species and the highest 
tuna catch since 2006–07. 

• However, the volume of wild-caught 
fisheries production declined by 5 per 
cent in 2016–17 to 166,022 tonnes
because of a 9 per cent decline in finfish 
catch to 115,495 tonnes.” 1

1. http://www.agriculture.gov.au/abares/research-topics/fisheries/fisheries-and-aquaculture-
statistics/production-2017#production--by-sector

Copyright  AFMA, Reproduced with permission hQps://www.afma.gov.au/
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Last 10 years 

From 2006–07 to 2016–17Australian fishery and aquaculture 
GVP was 9 per cent higher in real terms in 2016–17 
compared with 2006–07.

• The value of aquaculture production increased by 32 per 
cent in real terms, largely reflecting expansion of the 
salmonid industry.

• Wild-caught production value declined by 5 per cent in 
real terms because of lower finfish and mollusc
production value.

• The value of farmed salmonid production increased by 
105 per cent in real terms to $756 million, driven by 
increased salmonid production volume, which doubled to 
52,799 tonnes between 2006–07 and 2016–17

1. http://www.agriculture.gov.au/abares/research-topics/fisheries/fisheries-and-aquaculture-
statistics/production-2017#production--by-sector
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“Rock lobster contributed 39 per cent ($673 million) to wild-caught GVP, the most of any 
species group.”1

“The majority of rock 
lobster production occurs in 

WA wild-capture fisheries. 

In 2016–17 the value of WA 
rock lobster production 

increased by 2 per cent to 
$401 million, reflecting an 

increase in total allowable 

commercial catch (TACC) in 
the 2017 fishing season.”

1. http://www.agriculture.gov.au/abares/research-topics/fisheries/fisheries-and-aquaculture-

statistics/production-2017#production--by-sector Page 1140
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“Tuna is the single most valuable wild-caught finfish species in Australia and are largely caught in 
Commonwealth fisheries. 

In 2016–17 the total value of tuna caught in commonwealth fisheries declined by 14 per cent to 
$64 million, largely reflecting a decline in catch volume. 

Southern bluefin tuna was the most valuable tuna species caught in 2016–17 at $39 million.”1

1. http://www.agriculture.gov.au/abares/research-topics/fisheries/fisheries-and-aquaculture-
statistics/production-2017#production--by-sector

Copyright Bob MoffaR.  May be used under CreaSve Commons CC 4.0 BY-NC-SA
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Wild-caught southern bluefin tuna is largely 
ranched and grown out in purpose built sea 
pens in the Port Lincoln region, a significant 
seafood centre in South Australia. 

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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Through farming the wild-caught southern bluefin tuna gains significant value. In 2016–
17 the farmgate value of southern bluefin tuna was $115 million.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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The total value of wild-caught prawn 

production increased by 3 per cent in 

2016–17 to $310 million. 

The value of prawn production in the 

Commonwealth Northern Prawn Fishery 

(NPF), the single most valuable prawn 

fishery in Australia, decreased by 7 per 

cent to $114 million. 

In contrast, the value of Queensland 

wild-caught prawns increased by 26 per 

cent to $79 million — the highest level 

in real terms since 2009–10.

Copyright  Fisheries Queensland. Reproduced with permission.
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“The volume of Australian aquaculture production increased by 53 per cent between 2006–07 
and 2016–17 to reach 93,968 tonnes. The value of Australian aquaculture production increased by 
32 per cent in real terms between 2006–07 and 2016–17.”1

An analysis of this data by ABARES shows that for Aquaculture fisheries 
showed that …

1. http://www.agriculture.gov.au/abares/research-topics/fisheries/fisheries-and-aquaculture-
statistics/production-2017#production--by-sector Page 1145
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This resulted in 
aquaculture’s share of total 
fishery and aquaculture 
production value increasing 
from 36 per cent in 2006–07 
to 44 per cent in 2016–17.”1

1. 
http://www.agriculture.gov.au/abares/rese
arch-topics/fisheries/fisheries-and-
aquaculture-statistics/production-
2017#production--by-sector
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The increasing value of the aquaculture sector is largely the result of increased 
Tasmanian salmonid production. 

The rising share of aquaculture in Australian seafood supply is consistent with a 
global trend of meeting increasing demand for seafood from aquaculture.

Copyright TASSAL.  Reproduced with permission.
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“Salmonids were the single most valuable species group produced in Australia in 
2016–17 with a farmgate production value of $756 million. 

Between 2006–07 and 2016–17 the value of salmonid production more than 
doubled in real terms from $369 million to $756 million. 

This increase largely reflected an increase in the value of Tasmanian salmonid 
production.”1

1. 
http://www.agriculture.gov.au/abare
s/research-topics/fisheries/fisheries-
and-aquaculture-
statistics/production-
2017#production--by-sector

Page 1148

http://www.agriculture.gov.au/abares/research-topics/fisheries/fisheries-and-aquaculture-statistics/production-2017


Other large value aquaculture 
species farmed in 2016–17 
included southern bluefin tuna 
($115 million), edible oysters ($112 
million), prawns ($86 million) and 
pearl oysters ($70 million).

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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Reasons why the value of seafood can rise
Consider these

1. Supply and demand – if the dead zone of the sea (you learnt that last year) or el 
nino affected the anchove production in Peru, the supply of seafood will be less 
to countires who wish to buy seafood in Europe or the Middle East.  Australia 
can sell its seafood for a higher price.

2. Disease – if the Salmon industry in North America is struck down by disease, 
Tasmanian farmers can sell their product for a higher value.

3. More efficient production – If food conversion ratios can be lowered, then 
farmers can make more money and profits will be translated to increased value 
via taxation records.

4. More demand for product – as people in the world get richer, they can afford to 
pay more – the emergence of China’s middle class as an example.
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Reasons why the value of seafood can fall
Consider these

1. Supply and demand – if government regulations limit the volume of seafood 
production, countries will buy from other places.

2. Disease – if the prawn farms in South East Queensland are stuck down by white 
spot, entire ponds of prawns have to be drained.  Prawns from South East Asia are 
then sourced for pizza toppings or sea food meals.

3. Less demand for product – campaigns against less sustainable seafood or bad social 
media posts, stop people from eating seafood.  Producers sell whatever they can to 
make a living.
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Research 
project
To analyse the ‘Aquaculture industry in Australia’ and 

‘Queensland managed fisheries: Fishery assessments 

under the EPBC Act*’ webpages

• determine changes in fisheries practices over the 

past 10 years

• develop an understanding of the economic 

contribution of aquaculture relative to wild catch

• formulate concise notes

*The Environment Protection 

and Biodiversity Conservation 

Act 1999 ( EPBC Act) is the 

Australian Government's key 

piece of environmental 

legislation which commenced 

16 July 2000. 

Environment Protection and 

Biodiversity Conservation Act 

1999.
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ABARES
by 

Gail Riches

www.marineeducation.com.au
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T157 What makes a good 
aquaculture species?

Bob Moffatt and Mick O’Connor
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Syllabus statement
At the end of this topic you should be able to ... 

Identify 

attributes (e.g. resilience, fast growth rate, low-feed conversion ratio) of an 
aquaculture species detailing its life cycle, adaptations, requirements and 
marketability that would make a species desirable to farm.
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Identify

- distinguish; 
- locate, recognise and name; 
- establish or indicate who or what someone or something is; 
- provide an answer from a number of possibilities; 
- recognise and state a distinguishing factor or feature
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Objectives
1. To work in a group with red claw (Cherax quadricarinatus) to 

investigate selected factors (e.g. temperature, food type or 
tank) that affect the growth rate of the selected aquaculture 
species.

2. Describe features of other species that would make them 
good for aquaculture eg Barramundi
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This presentation is in TWO parts

Part B: Hands on 
red claw
experiments

Part A: What makes red 
claw a good animal for 
aquaculture
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https://dpir.nt.gov.au/__data/assets/pdf_file/0018/233118/fn32.pdf

Details
• Industry development
• Reproduction and life 

cycle
• Farming technology
• Health management

Part A References
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Objective

Describe an aquaculture species and write 
two attributes that makes it desirable to 
farm considering its resilience, life cycle, 
feed and grow out requirements and 
marketability.
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Red claw background

Red claw is farmed commercially in 
Queensland and the Northern 
Territory, and is harvested at between 
35–130 grams.

It is a sought-after product with a 
delicate crustacean flavour. 

Copyright Bob MoffaH.  May be used under CreaIve Commons CC 4.0 BY-NC-SA
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1. Rapid growth and excellent yield 
• have a fast life cycle-with adults reaching marketable size between 3 - 12 months
• simple life cycle supports straightforward production technology.

2. Can be fed commercial grain - based pellets (low food conversion ratio) and are omnivorous 
with a diet that includes small invertebrates and aquatic plants.

3. Can tolerate 
• fluctuating temperatures
• range of water quality conditions, including what is generally referred to as poor water 

quality
• Disease

1. Non-aggressive nature means 
• tolerance of high stocking densities if sufficient shelter is available
• do not require a large pond size

2. Harvesting is easy. 

3. Good to market due to small size and can be transported live - can fetch up to $20/kg 

Desirable attributes
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Reference
Kenneth R. Thompson et al, Kentucky State University
https://thefishsite.com/articles/diets-for-pondraised-red-claw-crayfish
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Stock is often harvested progressively 
due to differential growth rates.   
Several market size grades exist from 
35g to over 100g.

Watch the video
https://www.youtube.com/watch?v=zlDOng-unxM

Read more
https://www.business.qld.gov.au/industries/farms-fishing-
forestry/fisheries/aquaculture/species/redclaw-crayfish
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Generally, selected broodstock are placed in specially designed ponds or tanks where mating 
naturally occurs.

Image redrawn by Bob Moffa= A?er: h=ps://thefishsite.com/arCcles/cultured-aquaCc-species-red-claw-crayfish
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The female broods the eggs for 6–10 weeks, depending 
on temperature. The larger the female, the more eggs 
she can produce. 

Most females produce 300–800 eggs per brood. 
Redclaw may produce 3–5 broods during the breeding 
season.

Hatchlings resemble the adult form and remain 
attached to the underside of the female for several 
weeks before progressively becoming independent of 
the mother.

Advanced juveniles are normally harvested at 5–10g (3–
4 months old) and sorted for size and sometimes sex.

Copyright https://redclawhatchery.com.au/
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Time to sexual maturity, and therefore harvest size, is somewhere 
between six and twelve months in optimally farmed conditions.

“Flow trapping is the most 
successful technique and 
utilises the animal's natural 
behaviour. 
A current of water is directed 
into the pond through a 
ramp. 
This solicits a response from 
the crayfish and they move 
into the current, up the ramp 
and into a harvest box.” 1

https://www.business.qld.gov.au/industries/farms-fishing-
forestry/fisheries/aquaculture/species/redclaw-crayfish/growing-harvesting

Reference 1

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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Grow out
Commercial grow out is normally 
undertaken in earthen ponds, which usually 
range from 1000m² to 1200m² with sloping 
bo=oms (1.3–1.8m deep) to facilitate drain 
harvesEng. 
• Similar sized juveniles are stocked in 

prepared ponds at 5–15 animals per 
square metre. 

• The stock and pond water is carefully 
managed to maximise growth and animal 
health.

• The total growout Eme is about 6-9 
months (plus the 3–4 months spent in the 
juvenile producEon pond). 

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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Feeding
Feeding is normally undertaken 3 times a week 
just before dusk to coincide with the animal's 
peak foraging behaviour. Some form of 
aeration is normally installed (usually airlift 
pumps) to increase the carrying capacity of the 
ponds.

Feeding of formulated pellets is often 
supplemented by a mixture of grains to 
provide a basic food base for the animal, 
although much of the nutritional requirements 
can be obtained from natural pond production 
(e.g. plankton, bacteria, protozoans). 

This natural production can be enhanced by 
organic and inorganic fertilisation, as long as 
ammonia (<0.05mg/L) and oxygen levels 
(>5.0mg/L) remain within the acceptable 
range.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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http://era.daf.qld.gov.au/id/eprint/3670/1/Business_
Case_Report-Redclaw-final.pdf

Read more
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Part B
From the QCAA

In groups, students select a species —
e.g. jade perch (Scortum barcoo), red 
claw (Cherax quadricarinatus) or 
barramundi (Lates calcarifer), that can 
be grown in the small-scale systems 
available in the laboratory and is 
suited to the temperature ranges 
available
• investigate selected factors (e.g. 

temperature, food type or tank) 
that affect the growth rate of the 
selected aquaculture species.

A large barramundi with a Barcoo grunter in the 
background.
By (C) Nick Thorne 2001, CC BY 2.5, 
hPps://commons.wikimedia.org/w/index.php?curid=1654077
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Redclaw larvae moulting

https://youtu.be/NRFf23lM058

http://www.queenslandredclaw.org/

Page 1174

http://www.queenslandredclaw.org/


Available as a 
downloadable pdf
from PIEFA web site

Kindly donated by 
Bob Moffatt
Mick O’Connor 
Lynda Hourigan and
Wet Paper Publications

Copyright Mick O'Connor and Bob Moffatt.  May be used 
under Creative Commons CC 4.0 BY-NC-SA 
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Kindly donated by Mick O’Connor, Bob Moffatt and Lynda Hourigan

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA

Copyright Mick O'Connor and Bob MoffaD.  May be used 
under CreaEve Commons CC 4.0 BY-NC-SA 

Page 1177



Page 1178



Copyright Mick O'Connor and Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA Page 1179
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Copyright Mick O'Connor and Bob Moffatt.  
May be used under Creative Commons CC 4.0 
BY-NC-SA 
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Copyright Mick O'Connor and Bob Moffatt.  May be used 
under Creative Commons CC 4.0 BY-NC-SA 
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School aquaculture shed

Copyright Mick O'Connor and Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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Worksheet 
157

Fishing for 
Information
by 

Gail Riches

www.marineeducation.com.au
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T158 Carrying capacity 
predictions

Bob Moffatt
Page 1193



Syllabus statement
At the end of this topic you should be able to ... 

Predict

the maximum carrying capacity of an aquaculture system based on the size of ponds 
or tanks, the requirement of a species, and farming technique
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Predict  (e.g. a result)

• give an expected result of an upcoming action or event; 
• suggest what may happen based on available information
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Objective

Use a PhD thesis to predict which 
combination of site, stocking density and 
farming technique would lead to the 
maximum carrying capacity of an optimal 
product of Sydney rock oysters.  

Modified from Figure 7-18 and Table 7-7 in Rubio, A, White, I & Ford, P 2008, 
‘The dynamic and distribution of food supplies for the Sydney rock oyster in 
southern NSW estuaries. Technical report 2004/224’,  Licensed under CC BY 

3.0, http://creativecommons.org/licenses/by/3.0/au. © Fisheries Research & 
Development Corporation. 
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© State of New South Wales through NSW Department of Industry

The oyster
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Oysters have a so, body which is coved with a hard outer shell. They breathe through gills and 
have a strong adductor muscle to keep the shell together. 

Some anatomy

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA Page 1198



Feeding
Oysters are filter feeders, 
drawing water in over 
their gills through the beating 
of cilia. 
• Suspended plankton and 

particles are trapped in 
the mucus of a gill, and 
from there are transported 
to the mouth, where they 
are eaten, digested, and 
expelled as faeces. 

• Oysters feed most actively 
at temperatures above 
10 C. 

• An oyster can filter up to 
5 L of water per hour.

Ref:
Oyster Reefs: Ecological importance" (PDF). US National Oceanic and Atmospheric Administration. Retrieved 2008-01-16.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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In the US, Chesapeake Bay's 
once-flourishing oyster 
population historically 
filtered excess nutrients 
from the estuary's entire 
water volume every three to 
four days. 

By Kmusser - Own work, ElevaDon data from SRTM, hydrologic data from the NaDonal 
Hydrography Dataset, urban areas from Vector Map, all other features from the NaDonal Atlas., 
CC BY-SA 3.0, hQps://commons.wikimedia.org/w/index.php?curid=12520461

Source
Oyster Reefs: Ecological importance" (PDF). US 
National Oceanic and Atmospheric Administration. 
Retrieved 2008-01-16.
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They are hermaphrodites or bisexual 
and eggs and sperm are released into 
the water where they fertilise each 
other.

After about 24 hours, they form a laval
stage called a "trochophore" which is 
free swimming.In about a week the 
second or "veliger" laval stage forms 
which starts to look for a place to settle. 

By 2-3 weeks, the veliger attach 
themselves to a hard surface and are 
now called "spat".

• They got this name because people 
originally believed that the adult 
oyster simply spat out its young.  

Reproduction

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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Farming techniques

Left https://www.mdca.org.au/wp-content/uploads/2012/06/OysterFarming_FactSheets.pdf. Right Bob Moffatt CC 4.0 BY
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Left https://www.mdca.org.au/wp-content/uploads/2012/06/OysterFarming_FactSheets.pdf. Right Bob Moffatt CC 4.0 BY
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Le# h&ps://www.mdca.org.au/wp-content/uploads/2012/06/OysterFarming_FactSheets.pdf. Right Bob Moffa& CC 4.0 BY
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South Australia (left) NSW (right)
Bob Moffatt CC BY 4.0

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA Page 1205



Definitions used in the research paper

Stick oyster/ cultivation

• 4x4cm wooden stick which provides a substrate for 
larvae settlement which is  transportable when 
relocating oysters within farming grounds. 

• This cultivation method is suitable for areas subject to 
wave action. 

• Oysters remain attached to the sticks for 
approximately 2.5-3 years 

Tray cultivation 
• growing-out system for single seed oysters. 
• This method is suitable for use in sheltered  areas and 

is often used for the final oyster cultivation stage prior 
to harvest 

Stocking density -
number of oysters per 
given area or volume 

Rubio, A; White, I and Ford, P (2008). The Dynamic and Distribution of Food Supplies for the 
Sydney rock oyster in southern NSW estuaries. Technical report 2004/224. Fisheries Research & 
Development Corporation, 51p. Copyright Fisheries Research and Development Corporation 
and The Australian National University 2007.  Reproduced with permission.
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follows and the exam 
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unpublished PhD thesis. 
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(CRES), The Australian 
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Seeking permission and the correct acknowledgement

Reference
Rubio, A; White, I and Ford, P (2008). The Dynamic and Distribution of 
Food Supplies for the Sydney rock oyster in southern NSW estuaries. 
Technical report 2004/224. Fisheries Research & Development 
Corporation, 51p. Copyright Fisheries Research and Development 
Corporation and The Australian National University 2007.  Reproduced 
with permission.
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Study site

The Crookhaven and 
Clyde rivers are south 
of Sydney where the 
Sydney rock oyster 
(SRO) is grown 
commercially in trays 
or cylinders.

Acknowledgement
Rubio, A; White, I and Ford, P (2008). The Dynamic and Distribution of Food Supplies for the Sydney rock oyster in southern NSW 
estuaries. Technical report 2004/224. Fisheries Research & Development Corporation, 51p. Copyright Fisheries Research and 
Development Corporation and The Australian National University 2007.  Reproduced with permission. Page 1208



The carrying capacity of a 
biological species in an 
environment is the maximum 
population size of the species 
that the environment can 
sustain indefinitely, given the 
food, habitat, water, and other 
necessities available in the 
environment.

https://commons.wikimedia.org/wiki/File:Logistic_Carrying_Capacity.svg
By Nchisick [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)]

Definitions
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From
Chapter 5 - Sustainable Mariculture at High La:tudes
By PaulTe@, KennyBlack, Ruth Brennan, Elizabeth Cook and KeithDavidson

h@ps://doi.org/10.1016/B978-0-12-802748-6.00005-X

Four types of carrying capacity 
have been recognized, and this 
study specifically mentions 
production and ecological.
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Production carrying capacity

Production carrying capacity is the stocking 
density at which harvests are maximized.

Reference
Using Carrying Capacity to Promote Sustainable Aquaculture
by Lucy Towers
https://thefishsite.com/articles/using-carrying-capacity-to-promote-sustainable-
aquaculture

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA
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Example of how 
determined

For mussels

Reference
https://www.researchgate.net/fig
ure/Estimation-of-production-
carrying-capacity-for-a-mussel-
farm-in-Ship-Harbour-
Each_fig2_259513638

Determination of production 
carrying capacity
In this study we evaluated the 
production carrying capacity, 
defined as the “optimized level of 
production” of aquacultured
bivalves (McKindsey et al., 2006).
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The research paper defines it as

Carrying capacity 

– the maximum sustainable oyster biomass which can be 
produced from a given area under  average ambient conditions.

Acknowledgement
Rubio, A; White, I and Ford, P (2008). The Dynamic and Distribution of Food Supplies for the Sydney rock oyster in southern NSW 
estuaries. Technical report 2004/224. Fisheries Research & Development Corporation, 51p. Copyright Fisheries Research and 
Development Corporation and The Australian National University 2007.  Reproduced with permission.
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Gibbs, M.T. (2007).  Sustainability performance indicators for suspended bivalve aquaculture activities. Ecological Indicators 7:94-107. 
https://doi.org/10.1016/j.ecolind.2005.10.004

So to predict the 
maximum carrying 
capacity of an 
aquaculture system 
based on the size of 
ponds or tanks, a series 
of environmental index 
can be used fir the Clyde 
estuary.

Acknowledgement
Rubio, A; White, I and Ford, P (2008). The Dynamic and Distribution of Food Supplies for the Sydney rock oyster in southern NSW 
estuaries. Technical report 2004/224. Fisheries Research & Development Corporation, 51p. Copyright Fisheries Research and 
Development Corporation and The Australian National University 2007.  Reproduced with permission.
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In the study four were used and it 
is not necessary to remember any 
or all, what the syllabus is asking is 
to relate these to carrying capacity.

Acknowledgement
Rubio, A; White, I and Ford, P (2008). The Dynamic and Distribution of Food 
Supplies for the Sydney rock oyster in southern NSW estuaries. Technical 
report 2004/224. Fisheries Research & Development Corporation, 51p. 
Copyright Fisheries Research and Development Corporation and The 
Australian National University 2007.  Reproduced with permission.
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Acknowledgement
Rubio, A; White, I and Ford, P (2008). The Dynamic and Distribution of Food Supplies for the Sydney rock oyster in southern NSW 
estuaries. Technical report 2004/224. Fisheries Research & Development Corporation, 51p. Copyright Fisheries Research and 
Development Corporation and The Australian National University 2007.  Reproduced with permission. Page 1216



Example of how EI3 was used to determine carrying capacity

Acknowledgement
Rubio, A; White, I and Ford, P (2008). The Dynamic and Distribution of Food Supplies for the Sydney rock oyster in southern NSW 
estuaries. Technical report 2004/224. Fisheries Research & Development Corporation, 51p. Copyright Fisheries Research and 
Development Corporation and The Australian National University 2007.  Reproduced with permission. Page 1217



And in the syllabus question

Site 3 has the lowest water clearance 
efficiency (EI1) and lowest regula=on 
ra=o (EI2) which is the rate at which 
means the oysters are not controlling 
the phytoplankton dynamics.

Ques%on
Can you assume then that sites 2 and 
3 are opera=ng beyond their carrying 
capacity limits?

Acknowledgement
Rubio, A; White, I and Ford, P (2008). The Dynamic and Distribution of Food Supplies for the Sydney rock oyster in southern NSW 
estuaries. Technical report 2004/224. Fisheries Research & Development Corporation, 51p. Copyright Fisheries Research and 
Development Corporation and The Australian National University 2007.  Reproduced with permission.
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So what about farming 
technique?

Three stocking densities 
are proposed.

Acknowledgement
Rubio, A; White, I and Ford, P (2008). The Dynamic and Distribution of Food Supplies for the Sydney rock oyster in southern NSW 
estuaries. Technical report 2004/224. Fisheries Research & Development Corporation, 51p. Copyright Fisheries Research and 
Development Corporation and The Australian National University 2007.  Reproduced with permission.
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In the field 

Stocking densities examples

Low Box 6: 10.4 (g/m3)

Medium Box 1 60.4 (g/m3)

High Box 3: 561 (g/m3)

Acknowledgement
Rubio, A; White, I and Ford, P (2008). The Dynamic and Distribution of Food Supplies for the Sydney rock oyster in southern NSW 

estuaries. Technical report 2004/224. Fisheries Research & Development Corporation, 51p. Copyright Fisheries Research and 

Development Corporation and The Australian National University 2007.  Reproduced with permission. Page 1220



In the experiment

There were trays and cylinders

Acknowledgement
Rubio, A; White, I and Ford, P (2008). The Dynamic 
and Distribution of Food Supplies for the Sydney rock 
oyster in southern NSW estuaries. Technical report 
2004/224. Fisheries Research & Development 
Corporation, 51p. Copyright Fisheries Research and 
Development Corporation and The Australian 
National University 2007.  Reproduced with 
permission. Page 1221
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Development CorporaAon and The Australian NaAonal University 2007.  Reproduced with permission. Page 1222



So although the 
experiment did not use 
sticks, low stocking 
density gave the highest 
condition index for all 
farming techniques. 

Acknowledgement
Rubio, A; White, I and Ford, P (2008). The Dynamic and Distribution of Food Supplies for the Sydney rock oyster in southern NSW 
estuaries. Technical report 2004/224. Fisheries Research & Development Corporation, 51p. Copyright Fisheries Research and 
Development Corporation and The Australian National University 2007.  Reproduced with permission.
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Question

So the question is for 
aquaculture oyster 
farmers in using racks, 
sticks or cylinders, what 
is the best method and 
in which places in an 
estuary to achieve the 
greatest production 
carrying capacity so that 
the ecological carrying 
capacity is not 
exceeded?

Proposed
Rubio, A; White, I and Ford, P (2008). The Dynamic and 
Distribution of Food Supplies for the Sydney rock oyster in 
southern NSW estuaries. Technical report 2004/224. 
Fisheries Research & Development Corporation, 51p. 
Copyright Fisheries Research and Development 
Corporation and The Australian National University 2007.  
Reproduced with permission.
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Copyright Australian Prawn Farming Manual Health Management for-profit Department of primary industries.  Reproduced with permission.

Can this be applied to prawn farms?
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Red Fish, Blue 
Fish
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T159 Aquaculture system 
types

Bob Moffatt

Page 1227



Syllabus statement
At the end of this topic you should be able to ... 

Contrast

different aquaculture systems (e.g. open, closed or recirculating, intensive and 
extensive)
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Contrast

• display recognition of differences by deliberate juxtaposition of contrary 
elements; show how things are different or opposite; 

• give an account of the differences between two or more items or situations, 
referring to both or all of them throughout
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Definitions1

Open systems culture generally refers to fish farming in natural water bodies 
such as oceans, bays, estuaries, coastal lagoons, lakes, or rivers.

Example: Salmon, trout farms.

Ref: 1

https://doi.org/10.1007/978-1-4613-0479-1

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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Closed systems are those 
where the water is 
reconditioned and 
recirculated to the culture 
unit(s). 

A more recent term for this 
type system is the closed 
recirculating system. 

Recirculating aquaculture systems
By Narek75 - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=5166086
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Example: 
Tanks to raise red 
claw, barramundi 
fingerlings, salmon 
smoult.

Recirculating aquaculture systems are indoor, tank-based 
systems in which fish are grown at high density under 
controlled environmental conditions. 
Generally, farmers adopt a more intensive approach 
(higher densities and more rigorous management) than 
other aquaculture production systems.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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Contrast water quality in open system and closed 
systems.

Objective

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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Open systems
Sea cages are a common production 
system used for intensive marine 
aquaculture of fin fish.

Sea cage aquaculture is one of the 
most successful and profitable 
farming systems, and has 
demonstrated significant economic 
benefits in other Australian states 
and internationally.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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Water quality
In open systems 
water quality is 
difficult to control.  

• Farm machinery, 
pollu9on from 
the land and 
extreme weather 
events can affect 
a whole range of 
water quality 
parameters from 
turbidity, oxygen 
and ph.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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.
Food
Stocked dams can also be classed 
as open systems.  Barramundi 
make excellent fish for stocking.

These dams are stocked at 
relatively low densities and much 
of the feeding is partly or 
completely based on the natural 
food generated in the pond or 
dam  itself.

There is generally little to no 
artificial food supplied. The 
Barramundi caught in the lake 
near Proserpine must rely on 
other fish in the lake for food. Copyright Kerry Kitzelman.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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In other cases the water is fertilised to promote algal growth.

© The State of Queensland, Department of Primary Industries and Fisheries 2006. Reproduced 
with permission. http://era.daf.qld.gov.au/id/eprint/2055/
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© The State of Queensland, Department of Primary Industries and Fisheries 2006. Reproduced 
with permission. http://era.daf.qld.gov.au/id/eprint/2055/
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This technique is 
used by fish farmers. 
• There is a 

subsequent 
increase in the 
numbers of 
minute animals 
which feed on the 
algae. 

© The State of Queensland, Department of Primary Industries and Fisheries 2006. Reproduced 
with permission. http://era.daf.qld.gov.au/id/eprint/2055/
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When hatched fish fry are 
introduced into the pond they 
begin feeding immediately on 
the zooplankton.

Copyright Qld Fisheries.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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Another feature of extensive systems is that a large water surface area is required, but not 
necessarily a large continuous supply of water. 
• It needs only enough water to fill and maintain the water level in the dams and ponds.

A newly constructed dam 
may be filled during the first 
wet season, allowed to 
mature and then stocked 
with fish. Providing that 
there are not too many fish 
in the dam, it may be several 
months before more water 
needs to be added.

© The State of Queensland, Department of Primary Industries and Fisheries 2006. Reproduced 
with permission. http://era.daf.qld.gov.au/id/eprint/2055/
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Problems

There are a number of problems associated with extensive
systems. 

These include:
• dependence on the local climate and water quality,
• a low level of control over the environment and 

production,
• low production efficiencies
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Closed systems (Recircula2ng)
Water quality and food can be well controlled in a recircula3ng closed system.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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Recirculating aquaculture systems are used where suitable land or water is limited, or where 
environmental conditions are not ideal for the species being cultured. 

This type of aquaculture production system can be used in marine environments; however, it is 
more commonly used in freshwater environments.  There is a large cost involved in setting up and 
running a recirculation system.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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Water quality
The water in the system is recirculated through tanks and a series of water 
treatments to remove waste products. 
Unless the water is treated, fish will stress, resulting in retarded growth, increased 
pre-disposition to disease and finally death.

Dead aquarium fish
Wiki facebook blog, author unknown
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Tanks
Production tanks vary in size and shape. Smooth, round tanks with sloping bottoms are useful as 
solids can be concentrated and subsequently removed from a centre drain. This design 
facilitates thorough cleaning and ensures aeration is evenly distributed.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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Filters
In simple recircula.on systems, water may be treated by two processes: mechanical 

filtra.on (to remove solids such as faecal ma<er, uneaten feeds, etc.) and biological 

filtra.on to remove dissolved toxic wastes.

Copyright unknown.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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http://www.hendersons.co.uk/wms/foam_fractionator.html

Other system components

Depending on location and species, 
farmers should consider including other 
components such as disinfection devices, 
foam fractionators (or protein skimmers), 
dedicated aeration units and temperature 
control.

Foam fractionators remove 
microscopic organic compounds, 

protein particles, amino acids, 
bacteria, water tints and other 

waterborn detritus.
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https://pentairaes.com/media/wysiwyg/PDF/PRA_Gas_Transfer.pdf
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Ultraviolet disinfection

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA Page 1251



Example of a recircula/ng system fro salmon  smoult

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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So if we contrast this system with an open system, it can be seen that the water 
quality can be controlled much more efficiently.

However if 
you look at 
the costs of 
the protein 
skimmer and 
CO2 degasser, 
if could be 
much more 
expensive.

https://www.business.qld.gov.au/industries/farms-fishing-forestry/fisheries/aquaculture/site-selection-production/production-systems/recirculating-systems
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Contrast water management and stock management in intensive and extensive 
Australian aquaculture systems 

Sample question

Professor Leon Zann in the book Marine Science for Australian Students, 
identifies extensive and intensive systems.

"Extensive aquaculture is undertaken in natural water bodies. (eg farming of 
oysters and mussels). 

Intensive aquaculture is undertaken in artificial ponds or cages, and typically 
involves nursery production of young, high density mass rearing, use of 
formulated diets to maximise growth, and increasing water temperatures and 
oxygenation. 

Most prawns and fish are farmed intensively."
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In contras*ng these two he says

Ref:
Marine Science for Australian Students, 2014, Moffatt, R.D., Zann, L., Ryan, T., Wet Paper Publications, Pages 536 - 537

• "Extensive techniques have the advantage of being easier and cheaper, but 
have little control over environmental variables, and production rates are 
generally low.” 

• “Intensive techniques have the advantage of being able to provide optimal 
environmental conditions for maximum growth and profit.

• However, they are capital - and labour-intensive, and risky, as many 
things can go wrong. A cut in the electricity supply to the many pumps 
and aerators on an aquafarm might result in the death of the entire 
crop. 

• This means aqua farms must have back up automatic diesel generators 
and full-time staff.”
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Examples 
Prawns 
(Intensive)

Oyster 
(Extensive)

Images Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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Water management

Intensive systems have to manage water nutrient levels and effluent.

© The State of Queensland, Department of Primary Industries and Fisheries 2006. Reproduced with permission. 
http://era.daf.qld.gov.au/id/eprint/2055/ Page 1257



© The State of Queensland, Department of Primary Industries and Fisheries 2006. Reproduced 
with permission. http://era.daf.qld.gov.au/id/eprint/2055/
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Extensive systems in natural bodies of water do not manage water.  This can lead 
to possible higher impacts on the water in surrounding marine environment. 

What impact does this oyster lease have on this water body?

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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Oysters have a soft body which is coved with a hard outer shell. They breathe through gills and 
have a strong adductor muscle to keep the shell together. 

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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They are hermaphrodites or 
bisexual and eggs and sperm are 
released into the water where 
they fertilise each other.After
about 24 hours, they form a laval
stage called a "trochophore" 
which is free swimming.
• In about a week the second or 

"veliger" laval stage forms 
which starts to look for a place 
to settle. 

• By 2-3 weeks, the veliger 
attach themselves to a hard 
surface and are now called 
"spat".

Copyright Bob MoffaG.  May be used under CreaHve Commons CC 4.0 BY-NC-SA 
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After spawning the gonad becomes shrunken 
and watery, lowering the quality.
Oysters take about 3-4 years to grow to a 
marketable size, during which time they 
develop their protective shells. The oyster 
feeds through its gills (Figure 146.1), taking 
microorganisms
out of the water and feeding on them. 

For this reason, pollution can greatly affect 
the oyster. When it is out of the water, oysters 
close their valves and in cool conditions can 
survive for up to two weeks in prime 
condition.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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When the gonads of adult oysters are ripe, they are full and white giving the oyster its 
prime condition.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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Stock management
Intensive systems are closed systems that involve intervention in the stock 
growth process e.g. - supply of feed- provide aeration

© The State of Queensland, Department of Primary Industries and Fisheries 2006. Reproduced 
with permission. http://era.daf.qld.gov.au/id/eprint/2055/ Page 1264



© The State of Queensland, Department of Primary Industries and Fisheries 2006. Reproduced 
with permission. http://era.daf.qld.gov.au/id/eprint/2055/
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© The State of Queensland, Department of Primary Industries and Fisheries 2006. Reproduced 
with permission. hBp://era.daf.qld.gov.au/id/eprint/2055/

Farm equipment
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Extensive systems allow growth by limited intervention allowing stock to grow using natural 
sources and conditions e.g. Oysters.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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The Queensland Government has a different classification of aquaculture production systems.

They say..

"Being able to select the most appropriate production system is an important step when establishing 
or expanding an aquaculture venture.

Some production systems are suitable for marine environments (sea ranching, surface lines, subsurface 
lines, racks, sea cage culture, land-based marine ponds and tanks and hatcheries), while others are 
suitable for freshwater environments (freshwater pond and tank systems, recirculating aquaculture 
systems.)

Production systems differ in their set-up and the species they are suitable for."

Their web site is the reference for this discussion.
https://www.business.qld.gov.au/industries/farms-fishing-forestry/fisheries/aquaculture/site-
selection-production/production-systems/recirculating-systems

Queensland government classification
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Objective
To draw a table to contrast 9 different systems used in Queensland

Nine types of produc8on are described
1. Sea ranching
2. Surface lines
3. Subsurface lines
4. Rack systems
5. Sea cage culture
6. Land-based marine ponds and tanks 
7. Aquaculture hatcheries
8. Freshwater pond and tank systems
9. Recircula8ng aquaculture systems

And three descrip8ons will be used to give an account of the differences 
between these nine produc5on types.
A. Characteris8cs
B. Suitable species for sea ranching
C. Things to consider

Check with 
the QCAA if 
this is what 
they wanted
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Their guide describes common 
production systems used in Queensland 
aquaculture and the most suitable species 
for cultivation.

The tables over are a summary for 
describing the system and then 
contrasting the aspects of production.

Reference

https://www.business.qld.gov.au/industri
es/farms-fishing-
forestry/fisheries/aquaculture/site-
selection-production/production-systems

© State of Queensland. Reproduced on June 28 2019.
https://www.business.qld.gov.au/industries/farms-fishing-
forestry/fisheries/aquaculture/site-selection-production/production-systems
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Copyright PATERSON Brian D
Personal communication. Reproduced with permission

Australian farmers are 
landowners in the top 
right corner- so 
aquaculture is a 
business decision. 
• It has to make 

more money than 
alternative uses of 
the land- which is 
why it usually has 
to be intensive 
production.
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Copyright Queensland Government.  Reproduced with permission.
https://www.business.qld.gov.au/industries/farms-fishing-forestry/fisheries/aquaculture/site-selection-production/production-
systems/recirculating-systems
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https://www.youtube.com/watch?time_continue=22&v=vI3a1R4LpAA

Sea ranching involves introducing juveniles (either hatchery-produced or wild-caught) into the 

natural environment where they are allowed to grow without containment structures.

Screen shot Copyright ABC. ABC News (Australia). Published on Oct 23, 2010. Reproduced with permission.  
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T160 Aquaculture issues

Bob Moffatt
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Syllabus statement
At the end of this topic you should be able to ... 

Understand

issues with output pollution, biosecurity and waste 
removal and production of feed for aquaculture
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Understand

• perceive what is meant by something; 
• grasp; be familiar with (e.g. an idea); 
• construct meaning from messages, including oral, wri<en and graphic 

communica=on
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Objective

Identify the issues with aquaculture under the 
following headings
• output pollution
• biosecurity and waste removal and 
• production of feed for aquaculture

To use Australian productivity commission reports, the Department of Agriculture and 
Water Resources farm biosecurity plan and a selection of science direct articles on 
aquaculture feeds to 

Page 1283



This commission helps Australians make better policies.

Productivity commission
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You can download their latest report addressing the 
issues of output pollution, biosecurity and waste 
removal and production of feed for aquaculture at:-

https://www.pc.gov.au/inquiries/completed/fisherie
s-aquaculture/report/fisheries-aquaculture-
overview.pdf

Also
Productivity Commission 2004, Assessing Environmental Regulatory 
Arrangements for Aquaculture, Canberra.
https://www.pc.gov.au/research/completed/aquaculture/aquaculture.pdf

Issues
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http://www.agriculture.gov.au/SiteCollecti
onDocuments/fisheries/aquaculture/aqua
culture-farm-biosecurity-plan.pdf

There is also a Department of 
Agriculture and Water 
Resources farm biosecurity 
plan at
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https://www.sciencedirect
.com/topics/agricultural-
and-biological-
sciences/aquaculture-
feeds

As well as a selection of 
science direct articles on 
aquaculture feeds at:-
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The syllabus topic asks for an understanding of the 

following aquaculture issues:-

1. Output pollution

2. Waste removal

3. Biosecurity

4. Feed production

Prawn post laval stages

https://en.wikipedia.org/wiki/Marine_shrimp_farming

Public Domain, https://commons.wikimedia.org/w/index.php?curid=934598
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1. Output pollu*on

The productivity commission uses the 
following definitions.
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Output pollution is highly regulated

Page 24
https://www.pc.gov.au/research/completed/aquaculture/aquaculture.pdf

Page 24
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The main issues arise from output from land based and sea based grow out ponds.

http://era.daf.qld.gov.au/id/eprint/2080/1/2-7_DPI&F_Proj_Rep_QO04018-sec.pdf

For prawns 
nitrogen pond 
build up is an 
issue
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Farm machinery can play a role in output pollu1on
Issues
• Fuel costs
• Pollution 

regulations
• biosecurity

Australian prawn farming manual
© The State of Queensland, Department of Primary Industries and Fisheries 2006. Reproduced with permission. 
http://era.daf.qld.gov.au/id/eprint/2055/
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https://environment.des.q
ld.gov.au/assets/documen
ts/regulation/pr-op-
wastewater-prawn-
farm.pdf

Operational policy -Marine prawn aquaculture
Licensing wastewater releases from existing marine prawn farms in Queensland

Page 1293
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https://environment.des.qld.gov.
au/assets/documents/regulation
/pr-op-wastewater-prawn-
farm.pdf

Compare these 
regulations with as 
wheat farm.
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In 2016 the productivity commission found that regulations had not 
impeded the growth of aquaculture in Australia – regulation seems not to 
be an issue.

Reference
hAps://www.pc.gov.au/inquiries/completed/fisheries-aquaculture/report/fisheries-
aquaculture-overview.pdf

Page 2
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2. Waste removal Intensive systems have to manage water quality 
and nutrient levels to a higher degree than 
extensive systems. 

Extensive systems have great difficulty in 
controlling water quality apart from moving 
pens and grow out placements.

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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Copyright Tassal (modified) .  Reproduced with permission. Page 1297



h"ps://ecos.csiro.au/why-macquarie-harbour-has-
an-oxygen-problem/

Read the article

Page 1298
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https://www.abc.net.au/news/2
017-02-08/tassal-told-to-
destock-salmon-pens-
macquarie-harbour/8250394

Now read the news item

… the Environment Protection Authority (EPA) 
reduced stocking limits from 20,000 tonnes to 14,000 
to address deteriorating conditions in the harbour.
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Scientists are now beginning to 
understand the role that the 
harbour’s environment and history 
– influenced by topography, tides, 
salinity, temperature, wind, 
freshwater inflow from rivers, and 
human activity in the catchment 
over the past century or so – play in 
the harbour’s oxygen cycle.

CSIRO

The issue of waste removal is now political

Should CSIRO be given funding to support the aquaculture industry?

What is the balance in reporting?

Page 1300



Start a conversa,on – this was made in response to research by CSIRO into the 
salmon ponds in Macquarie Harbour, Tasmania.

Reference
https://doi.org/10.1071/PC17014

Do marine scientists have a voice?
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There are political issues for farmers, scientists and for regulators.  These affect the issues of 
output pollution, biosecurity and waste removal and production of feed for aquaculture.

Examples
• Farmers have to rationalise the costs of production and compliance costs over sales figures. 

• - Eg The productivity commission found the aquaculture industry in highly regulated2

• Scientists have to secure funding for research from sources that are not compromised by 
the desire to promote the aquaculture industry1

• Regulators have to ensure the environment is protected while making sure change in 
governments do not “axe” their job 
• – Eg the change in Government in 2012 saw the regulatory powers of many 

government departments abolished.

1 http://www.publish.csiro.au/pc/PC17014
The reverse precautionary principle: science, the environment and the salmon aquaculture industry in Macquarie Harbour, Tasmania, AustraliaJamie B. 
Kirkpatrick A B , Lorne K. Kriwoken A and Jennifer Styger APacific Conservation Biology 25(1) 26-33 https://doi.org/10.1071/PC17014

2. https://www.pc.gov.au/inquiries/completed/fisheries-aquaculture/report/fisheries-aquaculture-overview.pdf
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Biosecurity in aquaculture consists of 
practices that minimize the risk of 
introducing an infectious disease and 
spreading it to the animals at a facility and 
the risk that diseased animals or infectious 
agents will leave a facility and spread to 
other sites and to other susceptible species.

3. Biosecurity
Farm biosecurity is a set of 
measures designed to protect a 
property from the entry and 
spread of pests and diseases. 

Reference
h=p://fisheries.tamu.edu/files/2013/09/SRAC-
PublicaLon-No.-4707-Biosecurity-in-Aquaculture-
Part-1-An-Overview.pdf
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Major issues of biosecurity

• animal management—obtaining healthy stocks and optimizing 
their health and immunity through good husbandry

• pathogen management—preventing, reducing or eliminating 
pathogens

• people management—educating and managing staff and 
visitors 
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See page 8

Example – transmission routes
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People management issue

Bribie Island research centre – room entry procedures
Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA

For example if you are 
allowed to visit an 
aquaculture facility - hand and 
foot control measures are in 
place.
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Example  

h*ps://www.daf.qld.gov.au/business-priori<es/biosecurity/animal-biosecurity-welfare/animal-
health-pests-diseases/a-z-list-of-significant-animal-pests-and-diseases/white-spot-disease
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https://www.daf.qld.gov.au/business-priorities/biosecurity/animal-biosecurity-welfare/animal-health-pests-diseases/a-z-list-of-significant-animal-pests-and-diseases/white-spot-disease


https://www.sciencedirect
.com/topics/agricultural-
and-biological-
sciences/aquaculture-
feeds

4. Feed 
production

Review a series of articles

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/aquaculture-feeds
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https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/aquaculture-feeds

The first feed issue is 
the reliance of feed 
from wild catch in 
oceans.  Shortage of 
feed leads to more 
expensive food, 
means farmers go 
broke.
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The second issue 
then becomes 
use plant based 
food, but the 
issue then 
becomes can 
aquacultured fish 
digest it?

h8ps://www.sciencedirect.com/topics/agricultural-and-biological-sciences/aquaculture-feeds
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With the use of 
alternative food 
sources introduces 
pesticide issues –
will these 
bioaccumulate?

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/aquaculture-feeds

Page 1311

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/aquaculture-feeds


Summary from “Storage and handling of feeds for fish and shrimp T. O'Keefe, C.A. 
Campabadal, in Feed and Feeding Practices in Aquaculture, 2015”1

Aquaculture feeds, like most food products, have a finite shelf life and special 
handling requirements. 
• To realize full economic and nutritional value of these feeds, it is necessary to 

store and handle them properly. 
• Deterioration of feed quality during storage can be minimized by frequent 

rotation of the inventory and a concerted effort to maintain good housekeeping 
and environmental conditions that discourage the growth of mold and 
infestation by insects and rodents. 

• Proper handling techniques can also reduce nutrient loss and pellet breakage 
just prior to feeding.

1. Storage and handling of feeds for fish and shrimpT. O'Keefe, C.A. Campabadal, in Feed and Feeding Practices in Aquaculture, 
2015Referencehttps://www.sciencedirect.com/topics/agricultural-and-biological-sciences/aquaculture-feeds

Other issues – Eg Feed storage
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Availability of feed 
Eg Micro-algal food production

Algae forms the basis of 
many aquaculture food 
production systems.

Algae are grown in special culture 
flasks before being transferred to 
carboys . This algae is then stored in 
large bags, because large amounts 
are required for rotifers and brine 
shrimp.

How available are these feed sources 
and how expensive are they?

Copyright Bob MoffaD.  May be used under CreaEve Commons CC 4.0 BY-NC-SA 
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These animals are used as food in the first-feeding of 
marine larval finfish and crustaceans

Copyright Bob Moffatt.  May be used under Creative Commons CC 4.0 BY-NC-SA 
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Output pollution
Issues
• Compliance 

with 
regulations, 
machinery 
emissions and 
farm design. 

Production of feed
• Cost and 

availability
• Need to keep 

food conversion 
ratio low

• Need check grain 
based 
replacements 
don’t make 
animals sick

• Need to store 
food so vermon
don’t eat it, or 
disease 

Biosecurity
• Disease 

control
• Risk 

management
• Staff training
• Storage and 

stocking of 
feeds 

Waste removal
• Pond drainage
• Political activism 

and media 
• Ocean/estuarine  

water flushing 
and abiotics

Issues summary 
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