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L E T T E R  O F  T R A N S M I T TA L

Hon. Sussan Ley
Minister for the Environment
Parliament House 
CANBERRA

Dear Minister

I am pleased to provide the Great Barrier Reef Outlook Report 2019 to you as Minister for the Environment and, 
through you, to the Australian Parliament and the people of Australia.

The Great Barrier Reef Outlook Report 2019 has been prepared by the Great Barrier Reef Marine Park Authority 
based on the best available information. It fulfils the requirements of Section 54 of the Great Barrier Reef Marine 
Park Act 1975 (Cth). The report includes nine assessments covering biodiversity, ecosystem health, heritage values, 
commercial and non-commercial use, factors influencing the Reef’s values, existing protection and management, 
resilience, risks and the long-term outlook for both the ecosystem and heritage values. The contents of the report 
were independently peer reviewed.

The legislation requires that an Outlook Report be prepared every five years. As in the first Outlook Report in 2009 
and second report in 2014, this third report identifies that the Great Barrier Reef Region faces significant pressures 
ranging in scale from local to global. Since 2014, management initiatives and local actions have demonstrated 
positive outcomes for small scale, less complex activities. However, achieving outcomes on the ground continues to 
be difficult for complex and spatially broad topics, such as climate change, land-based run-off and biodiversity. 

While the Great Barrier Reef is retaining its outstanding universal value as a World Heritage Area, its integrity is being 
increasingly challenged. Cumulative pressures, predominantly from climate change, combined with the time required 
for the recovery of key habitats, species and ecosystem processes, have caused the continued deterioration of the 
overall health of the Great Barrier Reef. The accumulation of impacts, through time and over an increasing area, is 
reducing its ability to recover from disturbances, with implications for Reef-dependent communities and industries. 
Even with the recent management initiatives to reduce threats and improve resilience, the overall outlook for the 
Great Barrier Reef is very poor. These findings will be best addressed through timely and coordinated action across 
governments, industries and the community to address climate change, improve water quality and strengthen 
effective on-ground management actions. 

I commend this Outlook Report to you for tabling in both Houses of the Australian Parliament.

Yours sincerely

Ian Poiner
Chair
Great Barrier Reef Marine Park Authority
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E X E C U T I V E  S U M M A R Y
The Great Barrier Reef is a vast and spectacular ecosystem and one of the most complex natural systems on 
Earth. The Great Barrier Reef Region’s natural beauty and natural phenomena endure, but they are showing signs 
of deterioration in several areas. In 2009, the Reef was considered to be at a crossroads between a positive, 
well-managed future and a less certain one. In 2014, it was seen as an icon under pressure, with continued efforts 
needed to address key threats. Since then, the Region has further deteriorated and, in 2019, Australia is caring for 
a changed and less resilient Reef. The challenge to restore Reef resilience is big, but not insurmountable. However, 
it requires mitigation of climate change and effective implementation of the Reef 2050 Long-Term Sustainability Plan 
(Reef 2050 Plan).

The scientific evidence is clear: initiatives that will halt and reverse the effects of climate change at a global level and 
effectively improve water quality at a regional scale are the most urgent to improve the Region’s long-term outlook. 
More than ever before, uses of the Region must be sustainable and effectively managed. To protect and restore 
habitats, species and heritage values, management agencies must complement proven techniques with innovative 
approaches that are targeted, science-based and risk-managed. 

Climate change is escalating and is the most significant threat to the Region’s long-term outlook. Significant global 
action to address climate change is critical to slowing deterioration of the Reef’s ecosystem and heritage values and 
supporting recovery. Such action will complement and greatly increase the effectiveness of local management actions 
in the Reef and its catchment. 

Gradual sea temperature increase and extremes, such as marine heat waves, are the most immediate threats to the 
Region as a whole and pose the highest risk. Sea temperature extremes caused successive mass bleaching events 
in 2016 and 2017. These events led to unprecedented and widespread coral loss, and flow on effects to fish and 
invertebrate communities. Such impacts also weaken Traditional Owners’ enduring connection to sea country and 
the quality and quantity of economic and social wellbeing provided by the Reef. 

Inshore water quality is improving on a regional scale, but too slowly; poor water quality continues to affect many 
inshore areas of the Reef. The rate of reduction of pollutant loads has been slow, reflecting modest improvements 
in agricultural land management practices. Future initiatives need to deliver timely, best practice agricultural land 
management over a wider area to improve water quality. 

Natural values of the Region include species, habitats and ecosystem processes. Overall, habitats are assessed as 
being in poor condition. Habitat loss, degradation and alteration have occurred in a number of areas, substantially 
affecting populations of some dependent species. For example, the significant and large-scale impacts from record-
breaking sea surface temperatures have resulted in coral reef habitat transitioning from poor to very poor condition. 
Not all habitats have been equally affected and their condition varies across the Region. For instance, coral reefs that 
have escaped impacts of bleaching, cyclones and crown-of-thorns starfish outbreaks remain in good condition.

Concern for the condition of the Region’s species is also high; many species and species groups are assessed as 
being in poor to very poor condition. Species assessments reflect both ongoing effects of past significant population 
declines (for example, from historical commercial harvesting of dugongs and turtles) and current impacts that add 
further pressure. Humpback whales and the southern green turtle population continue to recover and the breeding 
rate of urban coast dugongs has improved since the impacts of cyclone Yasi and floods in 2011.

The Region relies upon the healthy functioning of a range of physical, chemical and ecological processes, and 
connection to functioning coastal ecosystems. Of the 31 ecosystem health components assessed, about 60 per cent 
remain in good to very good condition, but the remainder are in poor to very poor condition. Some critical ecosystem 
functions have deteriorated since 2014, mainly due to declines in ecological processes, such as symbiosis and 
recruitment, and deterioration of some physical processes, such as sea temperature and light. Some processes 
important to replenishment and recovery of species and habitats, such as currents, connectivity and primary 
production, remain in good to very good condition. 

Many of the Region’s heritage values are closely tied to the condition of the ecosystem, particularly Indigenous 
heritage value. Overall, many heritage values remain in good condition, with the exception of Indigenous heritage 
and some aspects of historic heritage, which are assessed as being in poor condition. Community awareness and 
appreciation of the Region’s Indigenous and historic heritage values are important to their protection and resilience. 
While significant work has occurred, identification and monitoring of the broad range of Indigenous, historic  
and other heritage values is not yet comprehensive. Greater shared knowledge of heritage values among the  
Region’s managers, Traditional Owners and stakeholders is critical to ensuring recognition and continued protection 
of those values.
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While the property’s outstanding universal value as a World Heritage Area remains whole and intact, its integrity  
is challenged and deteriorating. Given the global scale of human-induced climate change, the size of the  
property is becoming a less effective buffer to broadscale and cumulative impacts. Attributes that remain in good 
condition at a Region-wide scale include the spectacular scenery, over half of the ecosystem processes, and some 
species components.

The Great Barrier Reef remains a significant economic resource for regional communities and Australia as a whole. 
Major changes to the condition of the ecosystem have social and economic implications for regional communities 
because some uses, such as commercial marine tourism and fishing, depend heavily on a functioning, resilient 
ecosystem. As Reef waters continue to heat, coral reefs will become less diverse than a decade ago, and the  
fishes seen while snorkelling and caught while fishing, will also change. Reef-dependent users need to prepare for 
this change. 

The Region is protected and managed by a partnership between many government agencies, Traditional Owners, 
stakeholders and community members, and is influenced by activities occurring within and adjacent to the Region. 
An independent assessment of the Region’s management found it to be effective for small-scale, less complex 
activities. Port management is already achieving positive outcomes following improvements in planning. Fisheries 
management is also expected to improve over the next five years with the proper implementation and resourcing of 
the Queensland Sustainable Fisheries Strategy 2017–2027. 

Implementation of the Reef 2050 Plan began in 2015, marking a shift in how the Australian and Queensland 
governments and their partners collaborate in addressing challenges that face the Reef. Independent assessors 
determined the Reef 2050 Plan had improved jurisdictional consistency, coordination and resourcing across many 
management topics. However, achieving on-ground outcomes continues to be difficult for complex and spatially 
broad topics, such as climate change, land-based run-off and biodiversity. 

Global, regional and local actions taken now can influence the Reef’s future. Since 2014, investment in management 
of the Reef and its catchment has been unprecedented. This has enabled the delivery of significant protections and 
tangible actions through the Great Barrier Reef Blueprint for Resilience and the Reef 2050 Water Quality Improvement 
Plan, which have set the framework for improved resilience-based management and protection of values. 

Threats to the Reef are multiple, cumulative and increasing. Researchers and management agencies are constantly 
being challenged as research and monitoring efforts strive to keep pace with a rapidly changing Reef. The Reef 2050 
Integrated Monitoring and Reporting Program, once established, will be a game-changer — providing coordinated 
access to information about the Reef, its catchment and human use of the Region. 

A comprehensive risk assessment of 45 threats to the Region’s ecosystem and heritage values considered the 
residual risk, after taking into account the current management regime. The 10 threats identified in 2014 as 
presenting a very high risk to the Region’s ecosystem and heritage values are again the highest ranked in 2019. Of 
the very high risk threats, most relate to climate change or land-based run-off (water quality) affecting values on a 
Region-wide scale. Given the current state of the Region’s values, actions to reduce the highest risks have never 
been more time-critical.  

Without additional local, national and global action on the greatest threats, the overall outlook for the Great Barrier 
Reef’s ecosystem will remain very poor, with continuing consequences for its heritage values also. The window of 
opportunity to improve the Reef’s long-term future is now. Strong and effective management actions are urgent at 
global, regional and local scales. The Reef is core to Australia’s identity and improving its outlook is critical. For the 
Region to remain resilient and maintain its myriad of values, society must play a pivotal and urgent role in mitigating 
impacts and adapting to change. It is important to remain vigilant, active and optimistic in managing the Reef. Actions 
taken now by managers, Traditional Owners, researchers, stakeholders and the community will matter and make a 
difference to the Region’s long-term outlook. 
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A B O U T  T H I S  R E P O R T

1.1 Background
The Great Barrier Reef Marine Park Authority (the Marine Park Authority) prepares an Outlook Report for the Great 
Barrier Reef Region (the Region) every five years. The Great Barrier Reef Marine Park Act 1975 (Cth) (the Act) and 
the regulations applying to the Great Barrier Reef Marine Park (the Marine Park) (Appendix 1) specify what the report 
must contain and the relevant statutory timeframes.

The first Great Barrier Reef Outlook Report1 (Outlook Report) was released in 2009 and the second in 20142. This 
Outlook Report, like previous reports, plays a significant role in informing Australia’s reports to the World Heritage 
Committee addressing the property’s world heritage status, the review of the Reef 2050 Long-Term Sustainability 
Plan (Reef 2050 Plan) and effective management of the Great Barrier Reef (the Reef).

Outlook Reports are a regular and reliable means of assessing the overall performance of all measures to protect  
and manage the Reef in an accountable and transparent manner. The report provides a summary of the long-term 
outlook for the Reef based on assessments of condition, use, influencing factors, management effectiveness, 
resilience and risks.

The Act does not provide for the Outlook Report to include recommendations about future protection or management 
initiatives. Rather, the report provides an evidence-based assessment that identifies future trends, risks and threats, 
to inform future protection and management initiatives. It builds upon previous reports by providing a snapshot of the 
current condition of the Reef and examines how its condition has changed from previous reporting, predominantly 
since 2014. While much of the report’s assessment focuses on the retrospective performance over a five-year period, 
a forward-looking long-term outlook is also provided (Chapter 10).

1.2 Scope
The jurisdictional scope of the report covers the entire Great Barrier Reef Region (Figure 1.1). The Region  
is a Commonwealth jurisdiction covering approximately 346,000 square kilometres, from the tip of Cape York 
in the north to past Lady Elliot Island in the south, with mean low water as its western boundary and extending 
eastwards a distance of between 70 and 250 kilometres to the eastern border with the Coral Sea Marine Park. It 
excludes the Torres Strait Region. The Region’s boundary is slightly larger than the Marine Park and it includes the 
air above to a height of 915 metres, the subsoil beneath the surface of any land to a depth of 1000 metres, and 
about 70 Commonwealth islands.3 The State of Queensland has jurisdiction over the majority of islands in the Reef 
(approximately 980 islands) which are, therefore, not included formally within the Region. However, where it is relevant 
to the health of, or factors influencing, the Great Barrier Reef ecosystem and its heritage values, the report looks 
beyond the Region’s boundaries and includes information about adjacent islands, neighbouring marine areas and the 
Great Barrier Reef river catchments (the Catchment). Jurisdictional differences between the various areas described 
in the report are outlined below (Table 1.1 and Figure 1.2). Additional information on jurisdictions and management 
responsibilities is provided in Chapter 7 (Section 7.1.1).
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Table 1.1 Differences between the Great Barrier Reef Marine Park, Region, World Heritage Area and Catchment 
The square kilometres of each area is an approximation only. Terms relating to ports are described in Section 5.7. 

Great Barrier Reef
Marine Park

Great Barrier Reef
Region

Great Barrier Reef
World Heritage Area

Great Barrier Reef
Catchment 

Declared in sections 
between 1979 and 2001; 
amalgamated into one 
section by proclamation in 
2004

Established 1975 Inscribed 1981

344,400 km2 346,000 km2 348,000 km2 424,000 km2

Includes:
• approximately 70 

Commonwealth islands
• all waters seaward of low 

water mark (excluding 
Queensland internal 
waters and trading ports)

Includes:
• approximately 70 

Commonwealth islands
• all waters seaward of low 

water mark (excluding 
Queensland internal 
waters)

• 12 coastal exclusion 
areas (12 trading ports) 
and maritime port 
infrastructure 

Includes:
• all islands within outer 

boundary (approximately 
1050), comprising 
approximately 70 
Commonwealth islands 
and approximately 980 
Queensland islands

• all waters seaward of low 
water mark (including 
Queensland internal 
waters )

• 12 coastal exclusion 
areas (12 trading ports)  
and maritime port 
infrastructure

Includes:
• 35 river basins that flow 

into the Great Barrier 
Reef Region

• six natural resource 
management regions: 
Cape York, Wet Tropics, 
Burdekin, Mackay–
Whitsunday, Fitzroy and 
Burnett–Mary

• land-based port 
infrastructure 

Does NOT include:
• internal waters of 

Queensland
• Queensland islands 

(approximately 980)
• 12 coastal exclusion 

areas (trading ports)

Does NOT include:
• internal waters of 

Queensland 
• Queensland islands 

(approximately 980)

Does NOT include:
• land seaward of low 

water mark
• maritime port 

infrastructure 

!!

!

!

Mainland

Goold Island

Hinchinbrook
Island

(Queensland island)

Hinchinbrook Channel

Cardwell

Lucinda

Taylors Beach

(port exclusion
area)

Great Barrier Reef
Marine Park boundary

Great Barrier Reef
Region

Great Barrier Reef
World Heritage Area

0 5 10

Kilometres

´
SDC190101-23a

This map shows examples of the differences 
between the boundaries of the Marine Park, 
Region and World Heritage Area. It also includes 
a Queensland island (Goold Island) that is 
positioned within, but not part of, the Region.
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The Outlook Report assesses all parts of the ecosystem within the Region, ranging from species and habitats to key 
ecosystem processes. For the purposes of this report, the ecosystem components within the Region are collectively 
referred to as the Great Barrier Reef ecosystem or simply the Great Barrier Reef. The report also assesses all aspects 
of the Region’s heritage values, including Indigenous and historic heritage values and its world heritage value.

The Reef was inscribed on the World Heritage List in 1981 for all four natural criteria. The assessment of the condition 
of the Region’s world heritage value in Chapter 4 is directly informed by Chapters 2 and 3, which provide grades for 
a suite of natural heritage components. In addition, Appendix 3 presents a matrix describing how the components 
assessed in this report correspond with the attributes (outstanding features) that comprise the statement of 
outstanding universal value.

1.3 Structure
The Outlook Report looks back over the last five years and collates a Region-wide assessment of the current 
condition of the Reef’s ecosystem and heritage values. The report is structured around the nine assessments required 
by the Act and its regulations, with each assessment forming a chapter of the report (Figure 1.3). Chapters fall into 
three main themes: (i) values; (ii) threats, management responses, resilience and risk; and (iii) the long-term outlook for 
the Region. The four chapters on the values of the Reef focus on current condition and trends. Likely future trends in 
those values depend on the drivers influencing them, which are discussed in later chapters.

Coral Sea
Marine Park

Highest
astronomical
tide

Mean
low
water

Three nautical
mile limit

Great Barrier Reef
Region boundary

Exclusive
Economic

Zone
boundary

The Region 
extends 915m into 
the air and 1000m 

beneath the 
seabed and land 

surface

Great Barrier Reef Region (does not include Queensland islands and internal waters)

Great Barrier Reef Marine Park and Great Barrier Reef Marine Park Act 1975

Great Barrier Reef World Heritage Area

Queensland Territory Commonwealth Territory

Great Barrier Reef Coast Marine Park

Figure 1.2 Jurisdictional boundaries
The Great Barrier Reef Region encompasses both Commonwealth (red) and Queensland (blue) jurisdictions. The Queensland territory extends 
from the land to the three nautical mile limit (and around Queensland islands). The dashed line indicates that the Great Barrier Reef Coast Marine 
Park includes the Queensland-owned islands that lie within the Region. Additional information on jurisdictions and management responsibilities is 
provided in the expanded version of this diagram in Chapter 7 (Section 7.1.1).
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Va
lu
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What are the

current condition 
and trends of the 
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ecosystem, heritage, 

economic and 
social values?
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management
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What are the remaining
risks to the 

Great Barrier Reef?

What is affecting 
the Great Barrier Reef’s 

ecosystem, heritage, 
economic and
social values?

How well can the
Great Barrier Reef 

resist and recover from
disturbance?

What does this
mean for the 

Great Barrier Reef’s
future?O

ut
lo

ok

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

CHAPTER

Assessment of 
ecosystem health 
values (natural 
heritage) 

Assessment of
biodiversity values
(natural heritage)

Assessment of heritage 
values (natural, 
Indigenous, historic)

Assessment of 
commercial and 
non-commercial use 

Assessment of factors
in�uencing the 
Region’s values 

Assessment of existing 
protection and 
management  

Assessment of 
ecosystem and 
heritage resilience 

Assessment of risks to 
the Region’s values

Assessment of the
long-term outlook for 
the Region’s values 

Trend since 2014 Future trend

Figure 1.3 Assessments within the 2019 Outlook Report 
Each of the assessments required under the Act and regulations applying to the Great Barrier Reef Marine Park forms a chapter 
of the report. The assessments relate to the condition of the Great Barrier Reef Region’s ecosystem and its heritage value and 
examine threats, responses and risks. These then inform an assessment of the likely outlook for the Region’s values.
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Evidence collection, analysis, synthesis and peer review

Statutory 
assessment in 
accordance with 
the Great Barrier 
Reef Marine Park 
Act 1975 and 
regulations

Assessment 
criteria and 
grading 
statements 
guide the 
analysis

Summary 
grades for 
assessment 
criteria
(Chapters 2-9)

Long-term 
outlook 
overall grades 
(Chapter 10)

Summary statement 

Grade and trend 

Confidence rating 
for grade and trend

Assessment 
components 
each receive a 
grade based 
on evidence

1.4 Assessment approach
For each of the required statutory assessments (Appendix 1), specific criteria and grading statements guide the 
analysis of available evidence and provide transparency (Figure 1.4 and Table 1.2). For example, the assessment of 
biodiversity (Chapter 2) uses two assessment criteria: (i) habitats to support species, and (ii) populations of species 
or groups of species. Each assessment criterion comprises several components (Table 1.2). Based on analysis of the 
evidence available, each component receives an assessment grade (Section 1.4.1) and trend since the last Outlook 
Report (Section 1.4.2) at the scale of the Region. The component results are then combined to inform the grade for 
the overarching assessment criterion (Figure 1.5). Determination of both criteria grades and component level grades 
are guided by reference to standard grading statements (Section 1.4.1). Criteria and component assessments are 
presented in a table in the assessment summary at the end of each chapter.

In Chapters 2 to 4, over 80 components of the Region’s natural, Indigenous and historic value are assessed (Table 
1.2). Economic and social values of the Reef, which depend on the health of the ecosystem, are considered in a 
range of places in the report, particularly in Chapters 4 to 6.

To maintain the comparative value of the Outlook Report over time, changes to the assessed components have 
been limited to instances where they significantly improve the validity or utility of the assessment. For example, some 
changes to the assessment components examined in 2014 have occurred, predominantly the name of components 
that have not affected the scope of what is assessed or continuity of grades (changes are listed in Appendix 2).

Figure 1.4 Assessment approach to determine final grades
The required assessments are based on the best available evidence. Grades are standardised against grading statements 
presented with each assessment summary.

Tabular corals. © Tane Sinclair-Taylor 2016
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Table 1.2 Assessment criteria and their components 
Each chapter of the report contains assessments of a specific set of criteria (bold text) and components (bullet points).

Chapter 2: Biodiversity

Chapter 3: Ecosystem health

Chapter 4: Heritage values

Chapter 5: Commercial and non-commercial use

Chapter 6: Factors influencing the Region’s values

Chapter 7: Existing protection and management

Chapter 8: Resilience

Chapter 9: Risks to the Region’s values

Overall risk to the ecosystem (natural heritage values)
Overall risk to heritage values (Indigenous, historic and other)

Chapter 10: Long-term outlook

Outlook for the Region’s ecosystem 
Outlook for the Region’s heritage values

Habitats to support species
• Islands 
• Mainland beaches and 

coastlines
• Mangrove forests 
• Seagrass meadows
• Coral reefs
• Lagoon floor
• Shoals 
• Halimeda banks 
• Continental slope 
• Water column

Populations of species and 
groups of species
• Mangroves
• Seagrasses
• Benthic algae 
• Corals 
• Other invertebrates 
• Plankton and microbes
• Bony fishes
• Sharks and rays
• Sea snakes
• Marine turtles
• Estuarine crocodiles
• Seabirds
• Shorebirds
• Whales 
• Dolphins
• Dugongs

Economic and social benefits 
of use
• Commercial marine tourism
• Defence activities
• Fishing
• Recreation (not including 

fishing)
• Research and educational 

activities
• Ports
• Shipping
• Traditional use of marine 

resources

Impacts of use on the 
Region’s values
• Commercial marine tourism
• Defence activities
• Fishing
• Recreation (not including 

fishing)
• Research and educational 

activities
• Ports
• Shipping
• Traditional use of marine 

resources

Impacts on ecological 
values 
• Climate change 
• Coastal development in the 

Catchment 
• Land-based run-off 
• Direct use 
Impacts on heritage values
• Climate change 
• Coastal development in the 

Catchment 
• Land-based run-off 
• Direct use 

Impacts on economic 
values 
• Climate change 
• Coastal development in the 

Catchment 
• Land-based run-off 
• Direct use 
Impacts on social values
• Climate change 
• Coastal development in the 

Catchment 
• Land-based run-off 
• Direct use 

Elements of the management 
cycle (overall assessment)
• Understanding of context 
• Planning 
• Financial, staffing and 

information inputs
• Management systems and 

processes
• Delivery of outputs
• Achievement of outcomes

Individual management topics
• Climate change
• Coastal development
• Land-based run-off
• Commercial marine tourism
• Defence activities
• Fishing 
• Ports
• Recreation (not including 

fishing)
• Research activities
• Shipping
• Traditional use of marine 

resources
• Biodiversity values
• Heritage values
• Community benefits of the 

environment

Physical processes 
• Currents
• Cyclones and wind 
• Freshwater inflow
• Sediment exposure 
• Sea level
• Sea temperature 
• Light
Chemical processes 
• Nutrient cycling
• Ocean pH
• Ocean salinity
Ecological processes
• Microbial processes
• Particle feeding
• Primary production 
• Herbivory
• Predation
• Symbiosis
• Recruitment
• Reef building
• Competition
• Connectivity

Coastal ecosystems that 
support the Great Barrier Reef
• Saltmarshes
• Freshwater wetlands
• Forested floodplains
• Heath and shrublands
• Grass and sedgelands
• Woodlands and forests
• Rainforests
Outbreaks of disease, 
introduced species and pest 
species 
• Outbreaks of disease
• Outbreaks of crown-of-thorns 

starfish 
• Introduced species 
• Other outbreaks 

Natural heritage values — 
world heritage and national 
heritage value 
• Natural beauty and natural 

phenomena
• Major stages of the Earth’s 

evolutionary history
• Ecological and biological 

processes
• Habitats for conservation of 

biodiversity
• Integrity 
• Natural heritage values
Indigenous heritage values
• Cultural practices, 

observances, customs and 
lore

• Sacred sites, sites of 
particular significance and 
places important for cultural 
tradition 

• Stories, songlines, totems and 
languages

• Indigenous structures, 
technology, tools and 
archaeology

Historic heritage values — 
Commonwealth heritage 
values
• Commonwealth heritage value
Historic heritage values
• Commonwealth lightstations
• Other historic lightstations and 

lighthouses
• Historic voyages and 

shipwrecks
• World War II features and sites
• Other places of historic 

significance
Heritage values — other
• Social heritage value
• Aesthetic heritage value
• Scientific heritage value

Ecosystem resilience 
• Coral reef habitats 
• Lagoon floor habitats
• Black teatfish (sea cucumber)
• Coral trout
• Loggerhead turtles 
• Urban coast dugongs
• Humpback whales

Heritage resilience 
• Cultural practices, 

observances, customs  
and lore

• Lightstations
• Historic shipwrecks 
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1.4.1 Assessment grades and grading statements
A series of grading statements standardise the allocation of grades for each criterion and all components examined in 
an assessment. A four-point grading scale has been used since 2009 and is continued for consistency. An example 
is shown in Figure 1.5. There is no option for ‘moderate’, so a decision is required about whether a component is in a 
positive or negative state. This application is consistent with the Australian State of the Environment Report.4

The grade allocated is a ‘grade of best fit’, based on a qualitative assessment of the available evidence and scaled to 
the Region (or Catchment for coastal ecosystems and coastal development). It is not a comparison of the Region in 
relation to other tropical ecosystems around the world. It is recognised that the condition grade of a component may 
not be consistent across the entire Region. Where there are important sub-regional differences in condition and trend 
that are supported by evidence (for example, corals), they are identified in the discussion and graphics within the 
main text of the chapter and considered in the grade and trend.

1.4.2 Trend and confidence
The grading is refined by including an indication of trend and confidence, similar to the Australian State of the 
Environment Report4. Trends are assessed in relation to the assessment of the component in the last Outlook Report 
(2014) as well as other available information on the trend in that component, if available. The trend reflects how the 
component has changed over the past five years. Previous grades (from 2009 and 2014) and trends (from 2014) are 
included in the assessment summary tables.

 Grade 
and trend

2019

Confi dence

Criterion and component summaries
Grade Trend

Islands: 
Summary of condition and trend...

Seagrass meadows:  
Summary of condition and trend...

Mangrove forests:  
Summary of condition and trend...

Grading statements — habitats to support species

Very good
All major habitats are...

Good
There is some habitat 
loss...

Poor
Habitat loss, degradation 
or alteration...

Very poor
There is widespread 
habitat loss...

Trend since last report

TREND 
since last 

Outlook Report 
(2014)

GRADING STATEMENTS 
are used to select the appropriate grade

Not 
determined

GRADES

COMPONENTS

CRITERION

Figure 1.5 Grades for criteria are informed by grades for components
This figure shows an example extract from an assessment table for one of the biodiversity assessment criteria and illustrates the relationship 
between findings for a criterion and findings for its components. The grades for individual components (in this example, islands, seagrass 
meadows and mangrove forests) are key in informing the grade for the criterion (in this example, habitats to support species). Ultimately, both the 
criterion and component level assessments are guided by the relevant set of grading statements.
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Chapters relating to factors that influence the Region’s values, risks and long-term outlook contain forward-looking 
assessments. In these chapters (6, 9 and 10), trends in criteria and components are forecast for the next five years 
and beyond.

Four categories of trend are applied: improved, stable, deteriorated and no consistent trend. The category of ‘no 
consistent trend’ is applied to a component when the available information is too variable to determine a trend.  
The terms ‘improved’ and ‘deteriorated’ are replaced with ‘increased’ and ‘decreased’ in assessments of impacts, 
threats and risks (Chapters 6 and 9). Trends are not indicated for components that were not assessed in previous 
Outlook Reports.

Outlook Reports are evidence-based and peer-reviewed. To increase transparency and reliability in the current 
grades, a level of confidence is provided. The categories used are:

• adequate high-quality evidence and high level of consensus
• limited evidence or limited consensus
• inferred, very limited evidence.

For components where the confidence level is ‘inferred, very limited evidence’, the assessment grade should 
be treated with some level of caution given it is based on a limited amount of published peer-reviewed literature. 
Inferred assessments may also be based on knowledge from managing agencies, Traditional Owners, topic 
experts and informed stakeholders. Confidence levels are not provided for criteria assessments, as aggregating 
across components is difficult and there can be a high level of variability. A confidence level is also not provided 
for the assessment of existing protection and management (Chapter 7) because this assessment is conducted by 
independent reviewers and confidence levels are not currently part of that methodology.5

1.5 Evidence used 
The Outlook Report contains brief background information on the Region, its ecosystem, heritage value, use and 
management, and the key evidence for the assessments required under legislation.

The information featured in this Outlook Report is only a small portion of all that is known about the Region. The 
evidence is derived from existing research and information sources from the past five years. The reporting period 
generally includes data from January 2014 to December 2018 and, where possible, compares it with historical 
trends. Evidence is drawn from the best available published science and data sets based on:

• relevance to the required assessments
• duration of study
• extent of area studied 
• reliability (such as consistency of results across different sources, peer review and rigour of study).

Published peer-reviewed literature from technical experts is prioritised over other forms of evidence. Long-term data 
sets and peer-reviewed monitoring program reports are also considered highly persuasive evidence. Statistics from 

government-managed entities (for example, Australian Bureau of Statistics, Australian 
Maritime Safety Authority) are integral to the analyses in several chapters. Consultant 
reports may also be considered as part of the available evidence, but do not hold as 
much weight (particularly if not peer-reviewed). In some cases, information that became 
available in early 2019 has been included, where it was considered to make a significant 
difference to a key finding of the Outlook Report. Sources for the evidence used in each 

chapter are cited in the text. Web addresses provided in the report’s reference list were correct at the time of writing. 
Despite the volume of information available, many aspects of the Region — its values, uses and threats, in particular 
cumulative effects — remain poorly understood. Significant information gaps6 are noted in the text.

1.6 Terminology
Studies used in this Outlook Report vary in the spatial scales they cover. While only one grade is given for the 
Region, information available about a component (for example, seagrasses) may differ on a regional scale. The report 
attempts to discuss and summarise regional differences in condition and trend — however, there is no standard way 
of dividing up the Region when interpreting the data. Where evidence covers larger areas, for ease of reading and 
comparison, results are summarised into three sub-regional marine areas (or ‘thirds of the Reef’): northern, central 
and southern. Their boundaries are not precisely defined, but the northern area extends from the tip of Cape York 
to approximately Port Douglas (which marks the division between the less-developed and developed catchments 
adjacent to the Region). The central area extends from the northern area south to the Whitsundays area. The southern 
area extends south of the Whitsundays area to the Region’s southern boundary just north of Bundaberg. The term 
‘southern two thirds of the Region’ is often used to describe the combined central and southern areas.

The Outlook Report is based 
on the best available evidence 
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Great Barrier Reef Marine Park ‘management areas’ are sometimes used to describe the main zoning sections within 
the Region: Far Northern (or far north), Cairns–Cooktown, Townsville–Whitsunday and Mackay–Capricorn. Within the 
Catchment and inshore locations, sectors are described by natural resource management regions: Cape York, Wet 
Tropics, Burdekin, Mackay–Whitsunday, Fitzroy and Burnett–Mary.

The Region is defined by the Act, whereas the Catchment is managed by multiple jurisdictions and is not specifically 
defined by Queensland legislation. The Catchment (Figure 1.1) encompasses the 35 river basins flowing into the 
Region. Across the Region, the term ‘inshore’ may be applied differently for water quality, biodiversity and ecosystem 
health components. Inshore areas broadly correspond to enclosed coastal water bodies adjoining inter-tidal areas 
and habitats adjacent to the coast, and inshore from mid-shelf reefs. Areas beyond are generally referred to as 
‘offshore’. For coral reefs, the term ‘outer shelf’ refers to reefs along the edge of the continental shelf and ‘mid-shelf’ 
refers to reefs between inshore areas and the outer shelf.

1.7 Developing the report
This Outlook Report has been prepared by the Marine Park Authority, with contributions of evidence from a number 
of Australian and Queensland Government agencies, researchers from a range of institutions, industry data-holders 
and Traditional Owners.

The outcomes of an expert elicitation workshop7, involving more than 30 scientists and other stakeholders, 
contributed to the biodiversity, ecosystem health and heritage value assessments (Chapters 2, 3 and 4). The 
outcomes also informed the forward-looking risk and resilience assessments (Chapters 8 and 9). The methodology 
for the expert elicitation workshop was modelled on similar workshops used for previous Outlook Reports.2

Five independent experts specialising in protected area management, monitoring and evaluation, public policy and 
governance assessed the effectiveness of existing protection and management arrangements for the Region’s 
ecosystem and its heritage value and, where relevant, the Catchment5. This independent assessment of management 
effectiveness also incorporated evidence from structured stakeholder interviews. The assessment identified gaps, 
improvements and deficiencies, and produced a comparative analysis with the 2009 and 2014 assessments. An 
additional synthesis report was developed to provide insights into the Reef 2050 Plan’s contributions to effective 
management of the Region. The assessors’ reports5,8 form the basis of the assessment of existing measures to 
protect and manage the Region (Chapter 7).

Four expert reviewers, appointed by the Australian Minister for the Environment, independently reviewed the draft 
Outlook Report. These reviewers are recognised national and international experts with biophysical, heritage and/
or socio-economic expertise and achievements, including conducting high-level policy and scientific reviews. Their 
comments were considered and incorporated into the final report.

Herbivorous surgeonfish forage on a reef flat. © Matt Curnock 2015
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Reef 2050 Long-Term Sustainability Plan
In 2015, the Australian and Queensland governments released the Reef 2050 Long-Term Sustainability Plan  
(Reef 2050 Plan)9 following extensive consultation with Traditional Owners, stakeholders and scientists. A 
mid-term review updated the plan in 2018 to incorporate revised water quality targets and stronger recognition 
of climate change as a key pressure.9

The Reef 2050 Plan marks a shift in how the Australian and 
Queensland governments and their partners collaborate in 
addressing challenges that the Reef is currently facing. For 
the first time, all key partners are working together to build on 
the management foundations laid over the past 40 years. The 
plan was developed in response to the World Heritage Centre’s 
request for a coordinated and long-term plan for the sustainable 
management of the Reef.

The Reef 2050 Plan articulates a 35-year strategy to protect and 
improve the components and attributes that contribute to the 
Reef’s outstanding universal value through a robust scientific 
adaptive management framework. It focuses improvement 
actions under seven themes: ecosystem health, biodiversity, 
heritage, water quality, community benefits, economic benefits 
and governance. These themes were influenced by the Outlook 
Report 2014. Similarly, the Outlook Report 2019 will inform a 
review of the Reef 2050 Plan in 2020.

To support the implementation of the Reef 2050 Plan, an 
investment framework10 was developed in 2016 to guide 
investment decisions for the delivery of Reef 2050 Plan actions. 
The revised Reef 2050 Plan identifies priorities for immediate 
attention and new actions to protect the values of the Reef and 
improve the Reef’s resilience. It reaffirms the importance of a 
strong, coordinated approach to managing the Reef.

BOX 1
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C H A P T E R  2

B I O D I V E R S I T Y
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<< A horned seastar nestled in the seagrass at Green Island. © Dieter Tracey 2014
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2.1 Background
Biodiversity is the variety of all living things, including plants, animals and microbes (and their genetic information). 
Biodiversity forms an important component of natural heritage and is integral to ecosystem resilience (Chapter 8). 
Species diversity, or the number of species in a given area, is often used as a measure of biodiversity. In order to 
understand ecosystem health, an understanding of species diversity, species abundance and ecosystem  
processes are required, rather than biodiversity alone. The Reef remains one of the world’s most diverse and 
remarkable ecosystems and is the largest coral reef system in the world. Biodiversity is critical to the Traditional 
Owners of the Reef and the outstanding universal value of the world heritage property. Interactions between species 
and communities, and the processes that underpin and support biodiversity, are addressed in Chapter 3.

The assessment in this chapter focuses on the broad habitats that make up the Region’s ecosystem (Figure 2.1), and 
the species and groups of species supported by these habitats. It includes an assessment of beaches, coastlines 
and island habitats, some of which fall outside the jurisdiction of the Region, but are connected to and critical to the 
health of the Region. Condition and trend assessments for coastal ecosystems that support the Reef (for example, 
woodlands, Figure 2.1) are assessed in Chapter 3. The species and habitats assessed are consistent with those in 
the 2009 and 2014 Outlook Reports, with the exception of macroalgae and benthic microalgae; these have been 
combined into a single component called benthic algae (Appendix 2).

Islands support a variety of plants and animals. © GBRMPA

B I O D I V E R S I T Y
(an element of natural heritage) 

‘an assessment of the current biodiversity …’ within the Great Barrier Reef 
Region, s 54(3)(b) of the Great Barrier Reef Marine Park Act 1975
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Marine
and island 
ecosystems

Coastal 
ecosystems

Great Barrier Reef Catchment

Woodlands

Forests 

Rainforests Lagoon floor

Seagrass

Shoals

Islands

Coral reefs

Water column

Halimeda banks
Continental shelf

Mainland beaches 
and coastlines

Estuaries
(mangroves 
and saltmarsh)

Freshwater wetlands

Forested floodplain

Heath and shrublands

Grass and sedgelands

Outer-shelfMid-shelfInshore

Figure 2.1 Major habitats that comprise the overarching ecosystems of the Reef and Catchment
A wide variety of habitats make up the Reef’s coastal and marine ecosystem. The most pronounced variation is across the continental shelf from 
the inshore coastal habitats, such as mangroves and beaches, eastwards to the continental slope and deep ocean.

2.2 Legacies and shifted baselines

2.2.1  Legacy impacts 
Legacy human use impacts encompass activities, such 
as historical land clearing and overfishing, that caused 
significant environmental change in the past and continue to 
have major effects today.11 Some species and habitats that 
were commercially exploited in the past are showing signs 
of recovery (for example, humpback whales Sections 2.4.14 
and 8.3.7), while others are not (for example, some marine 
turtle stocks).

It may take decades or longer for populations and habitats 
to fully recover to their pre-disturbance state. Species and 
habitats that are still recovering include dugongs, turtles 
and some islands that were cleared and mined for guano 
(Sections 2.3.1, 2.4.10, 2.4.16 and 8.3.6). For example, after 
100 years of European settlement, many Reef islands still 
require active pest management programs to treat the legacy 
of pests introduced over a century ago (Sections 3.6.1).

2.2.2 Shifting baselines
Human activity has caused significant environmental change for centuries. Identifying the pristine state, or natural 
baseline, from which to measure environmental change can be problematic. This is due to shifting baseline 
syndrome, whereby the natural baseline gradually shifts over human generations as accepted norms for the condition 
of the natural environment change due to a lack of experience, memory and knowledge of its past condition.12 A 
shifted baseline can result in increased tolerance for progressive environmental degradation.13 In this way, progressive 

Introduced goats on High Peak Island remove native vegetation 
and cause erosion. © Queensland Parks and Wildlife Service, 
photographer: Ben Geddes
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degradation, such as large declines in species over long periods of time12 or the 
current pace of global warming14, may not be clearly recognised. Therefore, it 
is important to acknowledge the risk of using a shifted baseline to underpin a 
current assessment.

Within the Region, long-term scientific data and multi-generational knowledge 
enable a relatively accurate assessment of the condition and trend of Reef 
values over time. However, early accounts of the Reef may consist of first-hand 
observations or unwritten records, which some may consider to be anecdotes. 
The use of such information can provide important knowledge about the past, 
complement scientific records and help avoid a shifting baseline syndrome.  
The concept of a shifting baseline is described below using two examples within 
the Region.

Spanish mackerel fishery: Spanish mackerel (Scomberomorous commerson) 
is among the top three fish prized by recreational fishers and is one of 
Queensland’s most valuable commercial fish species (Section 5.4). Today’s 
recreational fishers are limited to three fish per person per day, and commercial 
catch rates are approximately 11 fish per vessel per trip.15 Young fishers just 
beginning their careers might perceive this as a good day’s catch, accepting 
the current catch rate as normal and the baseline from which they will evaluate 
future change. However, the previous generation of fishers may recall that only 
15 years ago (2004) the recreational catch limit was 10 fish per person, and 
80 years ago (1940s) commercial catch rates averaged 120 fish per vessel 
per trip.15 Compared to their baseline, older generations of fishers will perceive 

drastic changes in the fishery that modern fishers might not recognise. Recent research has reconstructed catch 
rates and exploitation trends of this fishery by collecting information from newspaper archives, fisher knowledge, and 
contemporary fishery logbooks.15,16 The findings have validated older generations’ perceptions of drastic change, 
indicating that over-exploitation of vulnerable spawning aggregations led to a 90 per cent decline in catch rates  
from 1934 to 2011.15,16 Incorporating historical information can provide a more accurate baseline from which to 
assess the sustainability of a fishery, determine current management actions, and potentially help overcome shifting 
baseline syndrome.

Coral composition (Section 2.3.5): An individual’s perception of a baseline will be influenced by their recollection 
of what the coral reef looked like from a previous visit. The actual natural baseline may be very different and may 
have changed several times over thousands of years. A change in the types of coral present is a critical factor in 
determining a shifted baseline. While historical photographs may not provide definitive quantitative proof of change, 
they can provide a useful qualitative benchmark to identify a potential shifted baseline.17 It is also possible to identify 
changes to the Reef from a past baseline through coral coring and reef sediment coring techniques that infer 
historical coral reef condition. Quantitative data, ongoing long-term monitoring programs of reef condition and oral 
histories can help identify changes to the Reef. When combined with geological dating and monitoring, time-series 
photographs that are taken with precision can provide a valuable reference point.17

To demonstrate this concept, historical inshore reef flat photos were compared with recent images from four locations 
between Cairns and Townsville, following previous methodology (Figure 2.2).18 Changes in coral cover varied over 
time and across locations. The greatest visual changes in coral cover were evident at Dickson Inlet (near Cairns, top 
series) and Geoffrey Bay (Magnetic Island, third series). At these sites, previously diverse reef flats characterised by 
high coral cover are now predominantly dominated by algae and sediment, interspersed with only small amounts of 
live coral. Coral cover and assemblages on a Fitzroy Island reef flat (second series) and Middle Reef (on Magnetic 
Island, bottom series) have also changed over time but not to the same extent.

The visible changes in reef structure on the photographed inshore reefs may reflect higher exposure to land-
based run-off and they align with results from more rigorous quantitative studies on inshore reefs.19 Some of the 
photographs and coring research20,21 also highlight that, despite being exposed to more land-based influences now 
than in the past, certain inshore corals can grow and persist in marginal conditions.22,23

Reef users understand the condition of the Reef has deteriorated in their lifetime. This deterioration was accelerated 
by unprecedented back-to-back mass bleaching events in 2016 and 2017. Since then, research and development 
funding to explore reef restoration and intervention techniques has increased.24 Permit applications to undertake 
small-scale restoration research projects have also increased. From a shifting baseline perspective, performance 
indicators that do not recognise historical baselines25 may be working towards a desired state set on the basis of 
recent social perception rather than the historical ecological baseline.26

Trevor Fuller holding two 33 kilogram  
Spanish mackerel caught at the Palm islands, 
Townsville, ca. 1988. © Trevor Fuller
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Figure 2.2 Potential shifting baselines — inshore coral reefs over time
First row: Dickson Inlet (Cairns) 1950 (© Lee Middleton) and 2018 (© Qld Government – Graham Barnes)
Second row: Fitzroy Island (Cairns) 1900s (© James Cook University), 1995 (© GBRMPA), and 2018 (© Qld Government – Tayce Cook)
Third row: Geoffrey Bay (Magnetic Island) 1995 (© Stuart McAulay) and 2018 (© Qld Government – Patrick Centurio)
Fourth row: Middle Reef (Magnetic Island) 1996 (© GBRMPA) and 2018 (© Qld Government – Sarah Ballard)
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2.3 Current condition and trends of habitats to 
 support species
Ten habitats are assessed; a large amount of variability in condition occurs across the Region. 
Halimeda banks continue to be considered in very good condition (although data are limited) 
and the continental slope has been upgraded to very good. Islands, mainland beaches and 
coastlines, mangrove forests, lagoon floor, shoals, and the water column remain in good 
condition (although data are limited and water column condition is considered borderline with 
poor). However, seagrass meadows continue to be assessed as poor, and coral reefs have 
deteriorated to a very poor condition (based on adequate data).

Full assessment summary: see Section 2.5.1

i

The Region comprises a range of habitats (Figure 2.3). 
The entire Region (habitats, species and processes) is 
under increasing threat from the broad-scale impacts 
of climate change. Also, human activities in the Region 
and Catchment continue to affect biodiversity values, 
with areas of the Region adjacent to large human 
populations and significant agricultural use generally 
under higher pressure.

Climate change and climate extremes have been 
the primary causes of habitat deterioration since 
2014, adding to legacy and current impacts, such 
as pollutants in land-based run-off and an ongoing 
crown-of-thorns starfish outbreak. Unprecedented 
ocean warming causing mass coral bleaching in 
2016 and 2017 has significantly affected large areas 
of the Region. Large-scale loss of coral habitat has 
resulted, and flow-on effects for species and ecosystem 
processes are still unfolding.

Habitats can be highly variable across space and time, creating challenges for monitoring and evaluation of their 
condition at a Region-wide scale. Where good quality information is available, assessments are given a higher 
confidence rating compared to where data are more limited or lacking (Section 2.5.1 assessment summary table).

2.3.1 Islands
The Reef ecosystem includes approximately 1050 islands, comprising coral cays, continental islands and mangrove 
islands. The islands within the Region include 70 under Commonwealth jurisdiction, with the remainder under 

Queensland Government jurisdiction or privately owned. This assessment includes 
all islands because of their connection to, and influence on, the values of the Region. 
Islands support unique assemblages of flora and fauna and are critical to the life cycles of 
many species.27 The diversity of islands and the habitats they provide are attributes that 
contribute to the Reef’s outstanding universal value.28

Continental islands, cays and mangrove islands support over 200 bird species and 
provide important nesting sites for marine turtles. Islands are important refugia for animals 

and plants, such as Pisonia forests which, in Australia, are largely restricted to coral cays within the Region.27 Islands 
also provide a number of ecosystem services, such as buffering the coast from storms, supporting nutrient cycling to 
adjacent marine ecosystems, and contributing to soil and sand formation.27,29 

While long-term standardised data on the condition of most islands and species that depend on them are lacking, 
considerable efforts and monitoring programs are currently directed towards improving this.30 Since 2015, 118 
islands have been assessed, resulting in several detections of invasive species and rapid management responses. 
While the data-set remains limited to short-term assessments of approximately 10 per cent of the Region’s islands, 
it remains difficult to assess the overall state of the Region’s islands. Where data are available on the condition and 
trend of islands, generally their condition remains good.

In locations where islands have suffered recent disturbances (for example, Whitsunday Island), recovery is being 
observed. Intervention actions over many years have aimed to remove or mitigate threats, enable recovery and build 
resilience to future threats. These actions include habitat restoration through replanting, re-profiling beaches, installing 
fencing (for example, Raine Island) and fire management.

Figure 2.3 Reef geomorphological features 
A 3D image of the Ribbon reefs in the northern Great Barrier Reef 
identifying different habitat types. © Dr Robin Beaman, 
James Cook University 

Some islands are showing 
signs of recovery from  
past impacts
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Islands around the world, particularly low-lying islands, are already threatened by sea-level rise and coastal erosion. 
Evidence suggests that these stressors are already affecting the Region’s islands. Coral reef islands, such as 
Raine Island, are one of the most vulnerable habitats to climate change because they are low-lying and growth 
and maintenance depend on sediment accumulation. These sediments are derived from reef organisms, such as 
benthic foraminifera, and are particularly susceptible to ocean acidification.31,32 Since 2014, some Reef islands, such 
as Whitsunday and Curtis islands, have been affected by severe cyclones, wildfires, and changes driven by coastal 
development and industrial and residential infrastructure. Marine debris and invasive plant and animal pests also 
remain a significant threat to island values (Section 3.6.3).33,34,35,36,37 Although localised damage has occurred on some 
islands, the overall condition remains stable across the Region.

2.3.2 Mainland beaches and coastlines
The mainland beaches and coastlines of the Reef stretch for approximately 2300 kilometres. Beaches and coastlines 
provide important habitats for a range of species, such as marine turtles38, shorebirds39, crustaceans, worms 
and molluscs. Intertidal and shallow coastlines provide suitable hard surfaces for attachment of corals, algae and 
invertebrates, while soft sediments support seagrass meadows and burrowing invertebrates. Beaches and coastlines 
provide significant natural resources and valuable ecosystem services, including recreation, spiritual values and 
coastal protection against cyclones and waves.40

Coastlines are constantly changing as a result of natural processes.41 The coastal zone north of Port Douglas is relatively 
unaltered due to intact vegetation and limited coastal development. Nonetheless, this remote area can be affected by 
cyclones and marine debris transported by currents.42,43 Climate change impacts, including 
extreme weather events, increased erosion and changes in sea level, are affecting beaches 
and coastlines.41 Whitehaven Beach was one of the sites most affected by cyclone Debbie 
in 2017.35 Fallen trees and debris were removed by machinery, and 10,000 cubic metres 
of sand was shifted to reinstate the beach profile.35 There are knowledge gaps in relation 
to the current condition and trend of mainland beaches and coastlines due to limited 
monitoring across the Region. However, these habitats are generally considered stable 
across the Region.

2.3.3 Mangrove forests
Mangrove forests are tidal habitats defined by the trees, shrubs and palms adapted to grow in the salty, 
oxygen-limited soils of the upper intertidal zone. These habitats cover an estimated 2710 square kilometres in, 
and adjacent to, the Region.44 They occur in estuaries, rivers and bays and around islands, often where sediments 
accumulate and seawater regularly inundates the habitat during the tidal cycle.45 Mangrove forests are a critically 
important habitat providing nursery and breeding areas for many commercial and non-commercial species, such 
as mangrove jack and prawns.46,47,48 They also provide important ecosystem services, including coastal protection, 
pollution absorption, nutrient cycling, primary production and carbon storage.47,49,50,51

Several cyclones have resulted in localised mangrove forest dieback in some locations, including Starcke River, Cape 
York (cyclone Ita, 2014 and cyclone Nathan, 2015), Hinchinbrook Island (cyclone Yasi, 2011) and the Whitsundays 
(cyclone Debbie, 2017).52 Before cyclone Marcia crossed the coast in 2015, mangrove extent in the Fitzroy region 
was relatively stable. After exposure to wind speeds at or above Category 4, the Fitzroy region experienced a decline 
in canopy cover, from 30 square kilometres to one.53 After three years, the canopy cover is showing signs of recovery 
with increases in both open and closed forest (Figure 2.4).53

Globally, most mangrove loss is caused by coastal development, although weather-
related events can also cause significant impact, particularly cyclones, extreme sea-level 
variation and heatwaves.54 Clearing of mangroves occurred widely as a result of coastal 
development and legacy issues still exist. However, clearing is now strictly regulated. 
Therefore, the main driver of change in mangrove condition within the Region is currently 
cyclones, which are projected to increase in intensity.52,55,56 Localised mangrove forest 
damage from cyclones is expected to have long-term effects on Reef habitats and 
species52,57 due to reduced filtration of land-based run-off. Evidence to date indicates the reduction in localised 
canopy cover from cyclones is likely to recover in less than a decade57, in the absence of other pressures (sea level 
rise and extreme temperature). However these pressures are expected to increase under climate change projections.

Some mangrove forests will be negatively affected by the continuing intensification of El Niño with climate change and 
associated sea-level fluctuations and temperature increases.49 Shoreline retreat and erosion are occurring along the 
Queensland coast, with sea-levels rising faster in the north than in the south.52 Although localised loss of mangrove 
forests has occurred, recovery has been observed and overall they remain in a stable condition.

Beaches and coastlines  
provide significant natural 
resources and valuable 
ecosystem services

Severe tropical cyclones have 
reduced mangrove canopy 
cover in some local areas



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 23

Extent of mangrove based on 1km cells

Wind speed model

Category 3
Severe Tropical Cyclone (165-224 km/h)

Category 5
Severe Tropical Cyclone (>280 km/h)
Category 4
Severe Tropical Cyclone (225-279 km/h)

Category 2
Tropical Cyclone (125-164 km/h)

Tropical Cyclone (<125 km/h)
Category 1

Cyclone Marcia (2015)

Figure 2.4 Exposure of mangrove forests to cyclone 
Marcia (2015) and impact on canopy cover
The map shows exposure of mangrove forests near 
Rockhampton to Category 1, 2, 3, 4 and 5 wind speeds 
from cyclone Marcia (2015) and the graph shows the 
impact of the cyclone on mangrove canopy cover. Source: 
Lymburner et al. in press53

2.3.4 Seagrass meadows
Seagrass meadows are one of the most important habitats in the Region. They stabilise the seafloor, protecting it 
from erosion and cyclones, and play an important role in nutrient cycling and carbon sequestration.58,59,60,61 Seagrass 
meadows form highly productive habitats for fish, invertebrates and algae59 and are the primary food source for 
dugongs and green turtles.62,63,64 In turn, dugongs and green turtles assist in connecting seagrass meadows by 

potentially distributing viable seagrass seeds through faecal matter.65 Inshore seagrass 
habitats provide important connectivity pathways for many reef fish, such as emperor and 
tuskfish.59,66,67,68 Deep-water seagrasses have been found down to 61 metres. Though 
generally sparse compared to shallower inshore meadows, they can be denser in some 
locations, such as around Green and Lizard islands.69,70,71,72

Inshore seagrass abundance and condition varies across the Region. Inshore seagrass 
abundance increased at most locations from 2011 to 2016, following multiple years of 
above average rainfall and climate-related impacts (Figure 2.5).64,73 However, recovery 

slowed or stalled across most of the Region in 2016–17.74 The disruption to recovery was due to a number of factors, 
including marine heatwaves that affected all inshore seagrass meadows in the northern and central sectors in 2016 
and 2017, increased nutrients and sediments from land-based run-off, increased turbidity from Cyclone Debbie in 
2017 (the Whitsundays), and above-average winds which, may have contributed increased inshore turbidity in the far 
northern and central regions.74,75 Assessment of the overall seagrass condition also considered reproductive effort 
(a measure of seeds and fruits). Reproductive effort within inshore seagrass meadows remains low in the Region.74 
The absence of seed banks and low reproductive effort has resulted in many seagrass meadows being vulnerable to 
future disturbances.74

Recovery of inshore seagrass 
meadows stalled in 2016–17 as 
a result of marine heatwaves 
and cyclone Debbie
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Reduced resilience following multiple stressors means that  
seagrass meadows may take longer than five years to 
recover.76,77,78,79 Recovery will depend on available seed resources59, 
connectivity80 (Section 3.4.10), good water quality and adequate 
recovery windows. Climate change impacts (such as heavier rainfall 
events and marine heatwaves) have already caused seagrass 
diebacks in Australia (Section 6.3.2). The loss of seagrass meadows 
causes the releases of stored carbon, further contributing to global 
warming.51,61 Overall, seagrass abundance has been positive, 
albeit with some variability across the Region. Seagrass meadows, 
however, remain vulnerable to ecosystem disturbances and 
inadequate recovery windows.

2.3.5 Coral reefs 
Of all the habitats within the Reef ecosystem, coral reefs are the 
most iconic and support the greatest known diversity of plant and 
animal species.81,82,83 The Reef is the world’s largest coral reef 
ecosystem, stretching 2300 kilometres and comprising almost 3000 
individual reefs.84 The Region’s reefs occur in various depths, from 
very shallow estuarine areas to deeper oceanic waters off the continental shelf.85 Coral reefs provide the Region’s 
communities with substantial benefits, such as tourism, productive fisheries86 and coastal protection against natural 
hazards, such as damaging waves.87 The Region’s coral reefs are key contributors to its outstanding universal value 
as a World Heritage Area.28

The Region was affected by consecutive mass bleaching events in the summers of 2016 and 2017. In 2016, intense 
heat exposure caused severe bleaching in the northern third of the Reef, while in 2017 severe bleaching mainly 
affected the central region.88 Aerial surveys conducted in both years along the entire length of the Reef measured 

the spatial extent and scored the severity of coral 
bleaching.89 The combined footprint of severe 
bleaching extended along the northern two thirds of 
the Region, while most of the southern third escaped 
impact (Figure 2.6). 

In late 2016, underwater 
surveys were conducted 
at depths between 
two and 10 metres, 
to ground-truth aerial 
surveys and record the 
level of post-bleaching 
coral mortality on over 100 reefs.89,90 An estimated 
30 per cent of shallow-water coral cover was lost.90,91 
Severe bleaching and some mortality of corals were 
also observed on northern mesophotic (deep) reefs 
at 40 metres depth along the outer shelf.92  
However, coral bleaching and mortality generally 
declined with increasing depth.93 In 2017, the  
spatial extent of severe bleaching was estimated 
by aerial surveys only (Figure 2.6)88, therefore coral 
mortality was not quantified. However, given the 
severity of bleaching observed, it is certain that the 
2017 bleaching event caused a further decline in 
coral cover across the northern two thirds of the 
Marine Park.90,91

In addition, five severe cyclones (Section 3.2.2) have 
affected various parts of the Region since 2014. 
Cyclone Debbie crossed over the Whitsundays area 
in late March 2017 as a slow-moving Category 4 
cyclone. Damaging waves cause up to 97 per cent 
loss of coral cover on some shallow reefs in that area 
(Figure 2.7).95 A recent increase in crown-of-thorns 
starfish outbreaks has reduced mean coral cover on 

Figure 2.5 Seagrass abundance score for inshore 
meadows, 1999–2018
Abundance scores (with standard errors) for inshore 
seagrass meadows from Cape York to Burnett–Mary region. 
Note: more sites, including intertidal and subtidal, were 
added since Outlook Report 2014, which may have affected 
the scores. Source: McKenzie et al. 2019.74

Figure 2.6 Cumulative footprint of coral bleaching in the Great 
Barrier Reef during the summers of 2016 and 2017 
Dots indicate: (red) surveyed reefs where >60 per cent of  
corals were bleached; and (blue) reefs that were surveyed but  
had no or negligible bleaching. Source: ARC Centre of Excellence for  
Coral Reef Studies94
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the Swain Reefs in the southern Region since 2017.95 As at mid–2018, trends in mean hard coral cover on shallow-
water reefs in all three regions (northern, central and southern) show steep declines; such widespread decline 
following these events has not been observed in the historical record of coral reef monitoring.95 The substantial loss of 
adult corals caused a subsequent 89 per cent decline in coral recruitment across the Region in 201896 and evidence 
is emerging of flow-on effects to fish populations (Section 2.4.7). Not all reefs in the Region have been affected; reefs 
that escaped impacts of bleaching, cyclones and crown-of-thorns remain in good condition.

Coral recovery requires adequate periods of time without further disturbance, favourable environmental conditions, 
inter-reef connectivity, an adequate supply of coral larvae, and successful coral recruitment. Survey data from 2019 
found widespread, low-level coral bleaching and recent storm damage on some outer-shelf reefs in the northern 
Region, probably due to cyclone Penny in January 2019.97,98 Coral juveniles were observed in densities likely to 
support future reef recovery.97 The back-to-back bleaching events in 2016 and 2017 are indicative of the global 
trend toward more frequent extreme temperatures resulting from global warming. They also illustrate the reduced 
opportunity for recovery of corals between recurrent bleaching events.99 The cumulative effects of prolonged thermal 
stress and unprecedented peaks in summer temperatures in 2016 and 2017, crown-of-thorns starfish predation, and 
regional cyclone damage have caused widespread loss of corals and significant deterioration in the condition of coral 
reef habitats since 2014. 

2.3.6 Lagoon floor 
The lagoon floor is a diverse and important habitat within the broader coral reef ecosystem, accounting for 
approximately 61 per cent of the Region and supporting over 5000 species.100,101 It includes the non-reefal seafloor 
inside the outer barrier reefs, typically at depths of between 20 and 40 metres.102

The lagoon floor consists of variable surfaces, including structurally simple muddy and sandy sediments, and 
more complex structures formed by algae, sponges, corals, ascidians, gorgonians and other sessile organisms. 
Economically, these inter-reefal habitats are vital to the prawn, scallop and sea cucumber fisheries.103 Ecologically, 
lagoon floors are important in primary production, nutrient cycling, carbon sequestration and sediment trapping.102 

Figure 2.7 Changes to coral communities from disturbances since 2014
Time series photographs depicting changes to coral reef habitats due to mass coral bleaching and cyclone Debbie. 
First row: Opal Reef in the northern Great Barrier Reef before, during and after the 2016 mass bleaching event. 
(left to right: September 2015, April 2016, November 2016). High mortality of all coral types was observed, with turf algae 
growing over dead coral skeletons. © Taylor Simpkins
Second row: Double Cone Island in the Whitsundays area of the Great Barrier Reef in 2014, post-cyclone Debbie in 2017 and 
mid-2018 (left to right). This inshore reef monitoring site exhibited a 97 per cent reduction in coral cover and removal of coral 
structure by destructive waves. © Australian Institute of Marine Science 2019



26 BIODIVERSITY

Thousands of species of echinoderms, molluscs, crustaceans and worms inhabit the sediment and are vital in 
supporting the food web.104 Large organisms, such as sharks, turtles and fish, rely on the surface and structures 
found on the lagoon floor for food, shelter and breeding.104,105 Smaller organisms, such as deposit-feeding  
sea cucumbers, burrow in the sediments and influence sediment community structure and function.106 Culturally,  
the lagoon floor is also a place of underwater sacred sites and sites of particular significance for Traditional  
Owner groups.107

Nutrients, pollutants and heavy metals in the water column (Section 2.3.10) can settle onto and penetrate the lagoon 
floor, contaminating the associated fauna.108 Climate change, bottom trawling and dredging pose the greatest current 
threats to this habitat.109,110,111 The current and projected effects of climate change (Section 6.2), such as gradually 
rising temperatures, extreme heatwaves and an increase in storm severity, directly threaten a broad suite of lagoonal 
species, particularly those with limited mobility, such as sponges and molluscs.109 Bottom trawling (Section 5.4) 
can remove key habitat-forming species (such as corals, algae and sponges) and damage the seafloor. However, 
trawl paths often overlap, reducing the potential impact footprint.110 Trawl bycatch of non-target species is also a 
concern.112,113 Reduced trawling effort and better management since 1999 have reduced the area of lagoon floor 
affected by trawling by approximately 40 per cent.110,114 Impacts of dredging include burying or smothering lagoon 
floor plants and animals (Section 5.7.3).115 Additional impacts to the lagoon floor originate from land-based run-off, 
anchoring and strong storm activity.

Knowledge of the condition and trend of the Region’s lagoon floor is limited. Since 2014, portions of the lagoon floor 
habitat have been exposed to prolonged thermal stress and damaging waves from severe tropical cyclones (Section 
8.3.1). It is probable these impacts have caused some habitat loss, degradation or alteration in some areas.

2.3.7 Shoals 
Shoals are submerged features, ridges or banks on the seafloor separated from the surrounding lagoon floor and 
emergent coral reefs.116 These habitats vary in shape and size, and are found anywhere from 10 metres depth to 
the shelf break at 130 metres depth, covering an estimated area of 25,600 square kilometres.117,118 Shoals generally 
comprise hard and soft corals, gorgonians, sponges, algae and seagrasses.119,120,121 Because shoals can harbour 
high densities of fish, they are valued by fishers. Shoals are also important culturally, containing underwater sacred 
sites and sites of particular significance for Traditional Owner groups.

Shoals dominated by coral are often referred to as ‘submerged reefs’ due to their potential to grow into larger 
emergent reefs over time122 and because they support an abundance of coral.85,123,124 However, a significant 
proportion of shoals, particularly in the northern Reef, were built and are maintained by calcareous algae and are 
referred to as Halimeda banks (Section 2.3.8). Non-Halimeda shoals comprise approximately 14,000 square 
kilometres of coral reef habitat within the Region.118 These shoals are numerous on the outer shelf in approximately 15 
metres depth.85,120

Over 1580 shoals have been mapped in the Region.117,125 While the location and shape of these shoals is known, 
knowledge of their condition and how they have changed over time is lacking. Although their deeper location may 
buffer shoals from some disturbances, such as cyclonic waves and extreme sea surface temperatures, cyclone 
impacts have been recorded down to 65 metres in the central section of the Reef.126 The five severe cyclones that 
crossed the Reef since 2014 have potentially exposed over 160 shoals (10–11 per cent of the total) to damaging 
waves (Section 3.2.2). Increased sea temperatures responsible for mass coral bleaching in 2016 were recorded down 
to 40 metres92 and probably affected many coral-dominated shoals in the northern region.

Since 2014, it is highly likely that the overall condition of shoals across the entire Region has deteriorated due to 
exposure of shallow shoals to thermal stress in 2016 and 2017, and damaging waves from severe cyclones  
(Section 8.3.1).

2.3.8 Halimeda banks 
Halimeda banks are composed of large expanses of 
accumulated skeletons of calcareous green macroalgae 
(genus Halimeda).85 The surface layer of these banks consists 
of meadows of live Halimeda algae.127 The geological 
accumulation process contributes to the Reef’s outstanding 
universal value. Halimeda banks form in deeper waters (greater 
than 20 metres) adjacent to the inside of outer barrier reefs 
where clean, cold, nutrient-rich water upwells and is forced 
across inter-reefal areas by tidal jets pushing through openings 
between the reefs.128

The undulating banks of Halimeda can be up to 20 metres thick, 
with structurally complex topography. The banks provide a 

Halimeda bank in the northern Great Barrier Reef.  
© McNeil and Kennedy 2018129
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unique and ecologically important inter-reef habitat 
for fish and invertebrates.130,131 Significant areas of 
inter-reefal habitat support Halimeda banks in the 
northern Reef (Figure 2.8), and small areas also 
exist in the Swain Reefs.

Since 2014, improved mapping technology has 
increased understanding of the distribution of 
Halimeda banks. A large area (1740 square 
kilometres) of Halimeda banks has been re-
mapped to the north of Raine Island (Figure 
2.8). These banks have a diverse shape and 
morphology, with some forming large craters 
approximately 250 metres across and 20–40 
metres deep.132

Climate change, ocean warming, acidification133 
and changes to water circulation patterns  
remain the main pressures affecting the future 
condition of Halimeda banks and the species that 
rely on them.

Although understanding of the extent of Halimeda 
banks has improved since the 2014 Outlook 
Report, information on the condition and trend 
of this habitat and its ecological role is limited. 
Exposure to potentially damaging cyclonic 
waves and thermal stress has occurred since 
2014 (Section 8.3.1), but this has not affected all 
Halimeda banks, resulting in no consistent trend 
in their condition.

2.3.9 Continental slope 
At the edge of Australia’s continental shelf is the 
continental slope — a transition from the shallow shelf 
to the adjacent deep ocean basins, extending down 
to more than 1000 metres and characterised by vast 
submarine canyons and numerous undersea 
landslides (Figure 2.9).134,135 On the Reef, the shelf 
edge is generally around 100 metres deep and 
the continental slope is defined as the deepening 
sea floor out from the shelf edge to the upper 
limit of the continental rise, or the point where 
there is a general decrease in steepness. The 
slope comprises approximately 15 per cent of the 
Region (about 51,900 square kilometres).1

The continental slope’s submarine canyons are 
potential hotspots for benthic production and 
habitat for diverse marine life.136,137,138 Bathymetry 
data have revealed over 100 canyons stretching 
from the central Reef to the far northern Reef 
and Torres Strait (for example, Figure 2.9). 
High-resolution mapping of these canyons has 
also revealed a complex and active system of 
channels along the canyon axis, internal sand 
waves, and localised submarine landslides.139 
Upwelling also occurs along the continental slope, delivering both nutrients and cooler water up from deeper water 
mass layers within the Coral Sea onto the Reef shelf through inter-reef passages.92,140 This upwelling supports 
phytoplankton blooms and increased biological productivity. Upwelling can also reduce thermal stress on offshore 
reefs during bleaching events, producing a gradient towards less severe bleaching from inshore to offshore.88,141

Figure 2.8 Halimeda bank extent in the Ribbon Reefs, 2014 and 2016
Areas in the northern section of the Region containing known Halimeda 
banks from new lidar LADS data (blue sections) compared to earlier 
mapping (2014). Source: Adapted from McNeil et al. 2016132
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Figure 2.9 Continental slope features
The morphology of the continental margin of north-eastern Australia, 
indicating the continental shelf edge, slope depth, submarine 
canyons and underwater landslides. © Dr. Robin Beaman, 
James Cook University
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While the Ribbon Reef canyons142 are relatively well-mapped, the current condition and trend of the continental slope 
is largely unknown. Deeper sections of the continental slope may be buffered from storm-driven wave activity143 
and thermal stress.144 However, the depth of the thermocline can vary substantially, depending on factors, such as 
the El Niño–Southern Oscillation.145,146 The upper continental slope (to about 300 metres) around the Swain Reefs 
in the southern Reef is exposed to high levels of trawl effort from the deepwater eastern king prawn fishery (part of 
the East Coast Otter Trawler Fishery, Section 5.4).110 Damage to seabed communities and bycatch of vulnerable 
and protected species is a concern for this area, and more ecological and biological information is required to more 
confidently assess the risks posed by this fishery.110,147

Based on expert opinion, the extent of the continental slope has been determined to be slightly deeper than was 
assessed in the 2014 Outlook Report. Mesophotic coral reefs had been included as part of the continental slope 
assessment, but as they form part of the shelf edge rather than the slope, they are now assessed in coral reef 
habitats (Section 2.3.5). This change led to the continental slope being considered in better condition in 2019 than 
in 2014, but the change reflects the adjustment to spatial boundaries rather than any improvement in the habitat’s 
actual condition.

2.3.10 Water column 
For the purposes of this section, the water column (previously referred to as ‘open waters’) comprises the pelagic 
(open ocean) zone between the coast and the continental shelf. It connects all habitat types. The Region has a total 
water volume of around 7200 cubic kilometres.148 The water column serves as the main habitat for many species of 
fish, cetaceans, dugong, turtles, invertebrates and microbes and provides critical links between benthic and pelagic 
communities. The water column is the primary medium through which energy and nutrients cycle149 and larvae are 
dispersed. It also supports plankton communities that form the basis of marine food webs.150

Water movement and flow are generated by ocean currents, wind, tides and upwelling across the Region. This 
movement transports organic matter, nutrients, larvae and plankton communities. Run-off, upwelling, tides, rain, 
winds and cyclones also affect nutrient concentrations and, in turn, primary productivity in this habitat.85,151,152

The condition of the water column habitat can be inferred by measuring parameters 
such as nutrient and sediment concentrations, pollution, temperature and pH. The 
decline of inshore water quality associated with land-based run-off (Section 6.5) from 
the adjacent Catchment is a major cause of the current poor state of the inshore water 
column along the coast.43,153,154,155 Mid-shelf and offshore waters are typically less 
influenced by land-based run-off, and water quality in those areas is considered to be 
in better condition.43,156,157 However, sediment run-off and resuspension can also affect mid-shelf and offshore areas, 
and may take up to six months to dissipate.158 Marine debris is also a growing threat to species throughout the water 
column (Section 6.5.2).159,160,161

Inshore reefs (those within 10 kilometers of the coast) are more vulnerable to ocean acidification than offshore 
reefs.162,163,164 The reason is unclear but may be linked to changes in temperature and biological processes in the 
water column.162 Water temperatures are warmer now than ever before165 and are probably affecting the suitability of 
this habitat for sensitive species.

Water residence times within the Region show flushing time of a few weeks for most of the lagoon.166 This indicates 
that the water column habitat may recover relatively quickly after a disturbance, such as a heat wave. Conversely, 
fine sediments, nitrogen, phosphorus, pesticides and trace metals in the water column may be present for years to 
decades.167 Important gaps remain in knowledge of the water column, such as how temperature increases affect 
plankton and pelagic species. The suitability of the water column as a habitat has continued to deteriorate since 
2014, because a number of processes (including temperature and land-based run-off) that significantly affect this 
habitat have also declined.

The water column links all 
habitats within the Region
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2.4 Current condition and trends of populations of species 
 and groups of species
Sixteen species groups are assessed; a large amount of variability in condition occurs 
across the Region. Mangroves continue to be graded in very good condition. Benthic algae, 
bony fishes, estuarine crocodiles, whales and dolphins remain in good condition. Several 
components have deteriorated (plankton and microbes are graded good, other invertebrates 
are poor and corals are very poor). Condition of seagrasses, sharks and rays, sea snakes, 
marine turtles, seabirds, shorebirds and dugongs remains poor. 

Full assessment summary: see Section 2.5.2

i

The Region is home to thousands of species (Table 2.1), with new species still being identified.168,169,170,171 It provides 
particularly important habitat for species of conservation concern, such as dugongs, whales, dolphins, seabirds, 
marine turtles, sharks and rays. Given the changing thermal regime, the previous ranges of some species are 
changing172, resulting in new records in some areas.173 The Great Barrier Reef’s inscription on the World Heritage List 
recognises the global significance of its species diversity.28

2.4.1 Mangroves 
The Region’s mangroves are highly diverse, 
encompassing at least 41 mangrove species and 
hybrids recorded from 20 plant families; the highest 
diversity occurs north of Port Douglas.169,170,177,178 
In total, this diversity represents 50 per cent of 
mangrove species worldwide.46

Since 2016, three new species of mangrove been 
recorded in the Region, through either new species 
identification or range extension. Bruguiera hainesii, 
never before recorded in Australia, was found in 
Trinity Inlet (Cairns) by a citizen scientist.170 This 
species is listed as critically endangered under 
the Environment Protection and Biodiversity 
Conservation Act 1999 (Cth). This discovery is 
considered to be the largest population of this  
rare species in the world. Another species, 
Bruguiera cylindrical, previously thought to occur 
between Cooktown and Cape York, was discovered 
in the Cairns region in 2016, extending our 
knowledge of its southern range by approximately 
150 kilometres.52 A recently described hybrid 
species, Bruguiera x dungarra, was discovered 
from the Cape York to Fitzroy regions.169 The 
identification of new species of a mature size in 
close proximity to the urban coast highlights the 
lack of comprehensive data on mangrove diversity 
and extent along the Catchment.

Mangrove species are exposed to a range of 
impacts (Section 2.3.3). Although new species  
have been found in some locations, the overall 
condition of mangrove species remains stable 
across the Region.

Table 2.1 Species diversity of plants and animals in the Region
For some, the number of species recorded is provided; for others the most 
up-to-date estimate is given.174,175,176,266 The table includes the number of 
listed migratory species (M) and listed threatened species (T) under the 
Environment Protection and Biodiversity Conservation Act 1999 (Cth).

Plants and animals of the 
Great Barrier Reef

Number of species recorded

Mangroves 41 (T:1)

Seagrass 15

Benthic algae 880

Sponges at least 2500

Soft corals and sea pens at least 1000

Hard corals 450

Echinoderms 630

Crustaceans at least 1300

Molluscs at least 6000

Worms at least 1000

Bryozoans 332 species

Jellyfish at least 100 species

Anemones at least 150 species

Tunicates at least 300 species

Bony fishes 1625 

Sharks and rays 136 (M:5, T:7)

Sea snakes 14 breeding species

Marine turtles 6 (M:6, T:6)

Crocodiles 1 (M:1, T:1)

Seabirds 20 nesting species (M:23, T:6)

Shorebirds 41 (M:30)

Whales and dolphins more than 30 (M:10, T:4)

Dugongs 1 (M:1)
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2.4.2 Seagrasses
The Region contains some of the greatest species diversity of seagrasses in the 
world.64,179 Fifteen seagrass species occur within the Region, with one deep-water 
species, Halophila tricostata, being endemic to the area.64 Most seagrass species in 
the Region are found in water shallower than 10 metres. Halophila is the only genus 
in the Region found in deep-water meadows (occurring in water greater than 15 
metres).64,71,180 Species composition within seagrass meadows changes as it recovers 
from disturbance. Seagrass species are typically either colonising (fast growing), 
opportunistic (mixture of fast and slow growing) or persistent (slow growing).181 Generally, the Region is dominated by 
disturbance-tolerant species, such as Halophila, Halodule and Zostera.59 These colonising species generally have 
low abundance and high turnover rates.182,183 The composition of inshore seagrass meadows in the Region matured 
from 2011 to 2018, switching to more opportunistic (Zostera) and persistent (Thalassia and Enhalus) species, 
replacing colonising species (Halophila) that establish post disturbance.74 This indicates a transitioning system, which 
is becoming more tolerant of disturbances.181,184

Seawater temperatures measured within inshore seagrass meadows in 2016–17 and 2017–18 were warmer than the 
long-term (11-year) average, a trend observed for the past five years.74 The current trend of higher sea temperatures 
is likely to have chronic impacts on some species of seagrass, particularly heat-sensitive species, such as Zostera 
muelleri or species sensitive to light reductions (as high temperatures increase seagrasses’ light requirements).184,185

Seagrass species are exposed to a range of impacts (Section 2.3.4). Although still in poor condition, seagrass 
species composition is recovering at many inshore sites following extensive losses in previous years.

2.4.3 Benthic algae 
Benthic algae includes three main growth forms: large fleshy macroalgae, crustose 
coralline algae (which form a photosynthesising ‘cement’ layer over some parts of the 
seafloor), and short turf algae (Figure 2.10). Turfing algae are one of the most abundant 
benthic habitats in the Region and an important source of primary productivity on coral 
reefs for crustaceans and microbes.186,187 More than 880 species of benthic algae exist 
in the Region.127,188 The three different growth forms provide a variety of ecosystem 
services, food for many organisms, primary production (Section 3.4.3), reef building (Section 3.4.8), stabilisation of 
the seafloor, and settlement habitat for juvenile fish and invertebrates. On inshore reef flats, macroalgal stands can 
provide important nursery habitats for herbivorous fish (for example, rabbitfish and parrotfish).189

The total number of species of large, fleshy macroalgae on the Reef is unquantified. These algae are generally 
more common on inshore reefs where nutrient levels are higher, and their cover decreases with distance from the 
coast.188,190,191 Fleshy macroalgae can be highly seasonal, the largest species (for example, Sargassum species, 
which grow up to three metres high) can dominate shallow inshore habitats in summer before partially detaching in 
winter192; the habitat then transitions to compact winter species. However, this seasonality may be changing with 
some of the summer-blooming species persisting longer through winter.193 Following disturbances, algae may inhibit 
coral recruitment and replace coral as the dominant benthic cover.194,195

How benthic algal abundance has changed over time and across the Region is not well understood, with quantitative 
data only available in limited areas. The trend in abundance of inshore macroalgae has been variable since 2014 
(Figure 2.11).

Figure 2.10 Benthic algae growth forms
Left: Fleshy macroalgae growing in and around coral on an inshore reef. © GBRMPA 
Middle: Pink coloured crustose coralline algae. © Andrew Hoey 
Right: Turf algae. © Andrew Hoey 

Species composition of 
disturbed inshore seagrass 
meadows is maturing, a  
sign of recovery

Following disturbances,  
corals may be replaced by 
benthic algae
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Of the inshore reefs monitored, large fleshy 
macroalgae appear to have slightly increased 
in the Wet Tropics and Mackay–Whitsunday 
areas, probably in response to reduced coral 
cover following bleaching, crown-of-thorns 
starfish predation and cyclone damage 
(particularly around the Whitsundays). 
Conversely, macroalgal cover peaked in 2014 
then declined in the Fitzroy region and has 
gradually decreased in the Burdekin region.193 
These declines may be attributed to a number 
of factors: reduced recruitment of macroalgae, 
herbivory, or coral returning as these sites 
recover from disturbance.

Crustose coralline algae plays an important 
stabilising role, creating a cement-like mat 
over the seafloor and dead and broken coral, 
strengthening the reef structure. These benthic 
algae, being a more encrusting form, reinforce 
a coral-dominated state by repelling fleshy 
macroalgae recruits, and they can provide a 

suitable surface for coral larval settlement.168 In the northern and central areas of the Reef, 30 species of crustose 
coralline algae have been identified; their diversity and relative abundance are greatest on mid and outer-shelf 
locations.196 The abundance of crustose coralline algae varies latitudinally, with the northern Ribbon Reefs having, on 
average, five times more coverage than the southern Swain Reefs.197 While there are some site-specific studies on 
crustose coralline algae, broadscale and long-term trends in its condition and abundance are poorly understood. 

There is limited information to indicate a Region-wide increase in turf algae abundance following broad scale decline 
in coral cover. The condition and abundance of turf algae is likely to decrease over time if sedimentation increases, 
resulting in long, sediment-laden turfs, which deter fish feeding, coral settlement and productivity.198 Nutrients, 
sediments, outflows from rivers and cyclones are significant drivers of algal turf composition.199 Sediment levels in 
coastal algal turfs were more than ten times that of offshore reefs, and double that of inshore reefs.23

The most serious impacts to benthic algae as a group include sediment exposure and light limitation (from both 
natural and anthropogenic influences, such as dredging and disposal200 and land-based run-off); increased sea 
temperatures201 (which can cause bleaching of crustose coralline algae); and ocean acidification202. Benthic algae 
are a diverse group of species that provide important habitat for many organisms. Overall, benthic algal diversity has 
been maintained and abundance has increased in some areas.

2.4.4 Corals
The Region is home to more than 1200 species of hard (skeletonised) and soft corals203,204,205, and this high diversity 
contributes to the outstanding universal value of the World Heritage Area.28 Hard corals are the key habitat-forming 
species of coral reefs. These corals have microscopic algae, called zooxanthellae, living within their tissue that provide 
them with food produced during photosynthesis. Corals are mainly found in shallow waters (less than 30 metres), due 
to their dependency on light, but mesophotic reefs can be found down to 150 metres.206

Corals exhibit a high degree of variation in growth rates and forms, including slow-
growing boulder-shaped species (which grow at 1.3 centimetres per year)207, and fast-
growing branching species (which grow at 10–30 centimetres per year).208 Corals tolerate 
a narrow range of temperatures and are adapted to their local conditions.209 Slight 
increases in sea surface temperatures due to global warming can cause significant coral 
mortality.88,91,141 Tabular and branching corals, such as acroporids and pocilloporids, are 
particularly important in creating three-dimensional structures that provide critical habitat 
to the majority of coral-reliant fish and invertebrate species.83,210,211 These corals are also 

the most susceptible to disturbances, including bleaching due to thermal stress212,213, breakage from cyclones214, 
predation from crown-of-thorns starfish and Drupella snails215,216, and coral disease217.

Climate change, specifically temperature extremes, is the primary driver of coral degradation in the Region and 
has substantially altered the abundance and species composition of coral communities. Consecutive thermal 
stress events in 2016 and 2017 caused mass coral bleaching in the northern two thirds of the Region, resulting 
in unprecedented levels of coral mortality.90 Acroporid and pocilloporid coral species, which dominate many 
shallow reefs, declined by more than 75 per cent on severely bleached reefs, resulting in the significant loss of 
three-dimensional structure.91 Juvenile corals were generally less affected by bleaching than adults, with the 

Figure 2.11 Macroalgae abundance, 2005–2017
Mean abundance of macroalgae from inshore reefs in four natural resource 
management regions: Wet Tropics (n=19), Burdekin (n=10), Mackay–Whitsunday 
(n=10) and Fitzroy (n=6). Totals calculated for a financial year. 
Source: Thompson et al. 2018193

Global warming has 
transformed coral species 
assemblages, with key  
coral species exhibiting 
significant declines 
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exception of Pocillopora and merulinid corals.218 
Overall, juvenile Acropora and Pocillopora corals 
suffered greater mortality than juveniles of other 
corals.218 As a result of mass mortality of adult 
corals, coral recruitment across the entire Region 
declined by 89 per cent in 2018 compared to 
recruitment levels before 2016. For acroporids, 
the decline was 93 per cent.96 Recovery depends 
on successful recruitment of new corals, growth 
of existing corals and absence of further stressors 
(Section 2.3.5). Global warming has resulted in a 
five-fold increase in the frequency of severe coral 
bleaching events in the past four decades99 and 
slowed the rate of coral recovery219.

Cumulative impacts since 2014, such as 
unprecedented mass coral bleaching,  
crown-of-thorns starfish predation and regional 
cyclone damage, have caused widespread loss in 
populations of many coral species across  
the Region, with some species having  
deteriorated significantly.

2.4.5 Other invertebrates 
The Region is home to 32 invertebrate phyla (major groups), consisting of over 12,000 described species.220,221,222 
This biodiversity is nationally and internationally significant.

Small, mobile invertebrates often live in symbiosis with sedentary host invertebrates, such as corals, sponges and 
sea cucumbers (Section 3.4.6).106,223 Some symbiotic invertebrates, such as those that live with coral hosts, are 
completely reliant upon their host for survival and are at high risk of population decline 
with any loss of coral habitat.83 Other invertebrates, such as bivalves and sponges 
that bore into, and break down (bioerode), dead coral skeletons, benefit from habitat 
degradation. Invertebrates account for the greatest animal diversity and biomass in  
the Region224,225, and are key elements of the food web226. They are important recyclers 
of nutrients106, bioeroders227 and providers of services vital to the health of other  
reef organisms.83,228,229 Invertebrates are also a valuable source of food and medicine  
for humans.229,230

A range of factors directly affect invertebrates, particularly climate change.109,229,231,232 Most invertebrate species 
are sensitive to changes in temperature.233,234 For example, in 2016 mass mortality of shrimp and crabs attributed 
to temperature stress was observed in a shallow-water lagoon in the northern Region.235 Ocean acidification 
also threatens calcifying invertebrates, such as foraminifera236 and sea urchins231,237. Sponges appear to be an 

exception among invertebrates, exhibiting 
high tolerance of both ocean warming and 
acidification.238 Pesticides and changes to 
salinity from freshwater inflow can have acute, 
lethal effects on many types of invertebrates, 
particularly crustaceans.239,240 Overfishing and 
habitat destruction can cause rapid declines 
in invertebrate communities, as evidenced 
by the historical collapse of the black teatfish 
sea cucumber population (Section 8.3.3)241,242 
and more recently the saucer scallop stock 
(Section 5.4).113 Nutrients and pollutants settling 
out from the water column can contaminate 
lagoon sediment and associated fauna.108 
Trawl discards of invertebrates remain largely 
unquantified, as there are no requirements to 
report discards of most bycatch  
(Section 5.4.1).2 Some target species, such 
as mud crabs and blue swimmer crabs, are 
susceptible to local depletions from overfishing 
(Section 5.4.1).

The majority of invertebrates take refuge within the reef matrix to avoid 
predators. This coral crab hides between the branches of a Pocillopora coral. 
© Jessica Stella 2010 

Bleaching susceptibility varies among coral species, with branching and 
tabular varieties (bleached in the photo) more vulnerable to thermal stress and 
bleaching-related mortality than massive coral (unbleached underneath). 
© GBRMPA 2016, photographer: Jessica Stella

Rising sea temperatures due 
to global warming are affecting 
many invertebrate species
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Current knowledge of the condition and trend of invertebrates is limited, largely due to the sheer number of species 
and the variety of life history characteristics and habitat requirements. The majority of invertebrate species are cryptic, 
which means they are hidden from view and difficult to survey. Given the recent widespread reduction in coral 
habitat due to climate extremes91, it is probable that many coral-reliant invertebrate species have been negatively 
affected.83,243 Changes in invertebrate communities independent of coral loss have also been recorded along the 
entire Region, attributed directly to prolonged thermal stress.244 Exposure to elevated nutrient levels, high sediment 
loads and freshwater is likely to have affected invertebrates distributed closer to shore. Given their exposure to a 
range of impacts (Section 8.3.1) and the widespread loss of coral reef habitat, it is likely that the condition of many 
invertebrate groups has deteriorated since 2014.

2.4.6 Plankton and microbes
Plankton and microbes are highly abundant and diverse; they include single-celled plants, bacteria, viruses, animals 
and animal larvae.245,246 The density of plankton and microbes can exceed more than one billion microorganisms living 
in each litre of seawater, however, the number of species found within the Region is unknown.

Plankton and microbes are critical to ecosystem health and functioning.247,248,249,250 Plankton are the primary food 
source for many animals and are the base of most marine food webs.150 Zooplankton are an important food source 
for corals, particularly for bleached corals that may starve without their zooxanthellae.251,252 Approximately half of 
global primary production is carried out by oceanic phytoplankton.253 Microbes constitute the bulk of marine biomass 
and are significant contributors to metabolic activity, the carbon, nitrogen and sulphur cycles, and the exchange 
of trace gases that have direct impacts on local climate.247,254 Microbes play an essential role in many ecosystem 
processes (Sections 3.3.1 and 3.4.1) and form symbiotic relationships with other organisms, such as corals, sponges 
and algae.247,248,249,250 These relationships are specific and stable associations255, and can assist organisms to 
acclimatise to prevailing environmental conditions.256,257,258 Microbes are also agents of disease, which can be a sign 
of an imbalance in microbial communities (Section 3.4.1).

Plankton and microbes respond relatively quickly to changes in the environment, such as lowered salinity, 
temperature increases and elevated nutrients.259 Changes in ocean conditions resulting from climate change are 
affecting their distribution and abundance.260 For example, large changes in microbial community structure were  
seen in the Region during the extreme wet season of 2010–11, following riverine floods.261 Sea surface temperatures 
have had large-scale effects on zooplankton262,263, with declines of zooplankton biomass recorded during warmer  
El Niño conditions264.

Despite a growing understanding of the importance of microbes and plankton to ecosystem health, they are 
overlooked in most large-scale monitoring programs and, therefore, remain a key knowledge gap.265 Factors affecting 
these communities are increased temperature, elevated nutrients and reduced pH (for plankton with carbonate 
skeletons)266, all of which are occurring in the Region. Localised plankton declines have been recorded in the central 
Region267, and a higher incidence of coral and fish disease was reported after thermal stress (Section 3.6.1). It is 
likely that widespread thermal stress and ongoing poor water quality in some areas of the Region have led to a 
deterioration in the overall condition of plankton and microbes since 2014.

2.4.7 Bony fishes
Bony fishes (Class Osteichthyes) are fish with skeletons made of bone rather than cartilage. Approximately 1625 bony 
fish species are found in the Region, with the majority (1468) classified as coral reef species.175 Bony fishes have high 
ecological and economic values (Section 5.4.2). They influence habitat structure and the flow of energy and nutrient 

cycling.268 Bony fishes occur in a wide range of habitats, including coral reefs, shoals, 
seagrass meadows and open waters.

Some fishes, for example, small corallivorous fishes, depend heavily on coral reef 
habitats. Pelagic fishes associated with reefs (such as trevallies and scombrids) depend 
less on benthic habitat, but may decline in response to changes in their reef-associated 
prey.269 Disturbances that deplete coral cover by as little as 10 per cent can reduce fish 

abundance across a range of species.270 Declines in bony fishes following coral disturbance can manifest quickly 
(within six months) or take up to several years.270 Changes in seagrass and mangrove habitats, which are important 
feeding, breeding and nursery grounds, can also influence the condition of bony fish and their recruitment.64

The full impacts of recent environmental disturbances to the Region’s coral reef habitats (including the 2016 and 2017 
mass coral bleaching events) on bony fishes are still being determined. Time-lags are expected in fish responses 
to habitat loss.271 However, early indications are that coral bleaching has clearly affected bony fishes272,273, including 
through decreased diversity and sub-lethal effects, such as reduced fitness.272,273 Elsewhere, productivity of fisheries 
has been estimated to decline three-fold when habitat structure is lost following disturbance.86 On the Reef, the full 
flow-on effect to fisheries is not yet understood and remains an area of research interest.

Coral-dependent fishes 
are declining
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Figure 2.12 Abundance of some coral reef fishes, 2008–2019
Surgeonfish, butterflyfish and parrotfish are diverse bony fish groups present across the Region. Fish abundance is estimated by visual 
census of a total of fifteen 50 metre by five metre transects at each reef. Where possible, three or more reefs were surveyed at inshore, 
mid-shelf and offshore positions across the continental shelf. Note the differences in scale between the black and blue y-axes.  
Source: Australian Institute of Marine Science Long-term Monitoring Program282 
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Long-term monitoring of three key fish groups (butterflyfish, parrotfish and surgeonfish) across the Region has 
identified some changes in mean abundance since 2009 (Figure 2.12). Butterflyfish, which rely heavily on coral and 
other invertebrates for food, showed small declines since 2016–17 at the Cooktown–Lizard Island, Innisfail (mid-
shelf) and Townsville (mid-shelf) reefs and the Swain Reefs. Abundances of surgeonfish and parrotfish, which feed 
on a combination of algae and detritus, have been more variable over time. The greatest increases in parrotfish were 
observed offshore Cairns and the Capricorn Bunker group, while some declines were observed on reefs around 
Townsville and offshore Whitsundays. The greatest increase in surgeonfish abundance was observed offshore 
Whitsundays and Cairns in 2016–17 (Figure 2.12).

Climate change, over-fishing (including illegal fishing) and habitat alteration are the greatest current impacts on most 
fish species.274,275,276 New research since 2014 has improved understanding of the effects of climate change on bony 
fishes.277,278,279,280 Management tools, such as spatial zoning (including no-take areas), protect fish and contribute to 
the maintenance and recovery of target fisheries species through spillover of larvae from unfished to fished zones 
(Section 7.3.3 Box 11). Current extraction rates for some fished bony fish species are considered sustainable. 
However, there are concerns for others (Sections 5.4 and 8.3.4).

Little is known about the condition of most bony fish species on a Region-wide scale, given it is a highly diverse 
group. Monitoring ecological processes performed by bony fishes, such as herbivore feeding rates, can help 
diagnose problems early, before fish populations start to decline.281

Overall, some deterioration in the condition of bony fishes (as a group) has occurred, particularly in those dependent 
on coral and seagrass meadows for food, shelter or some part of their lifecycle. Current extraction rates are 
considered sustainable for some species, but may not be for others.

2.4.8 Sharks and rays 
Chondrichthyan fishes have skeletons of cartilage, rather than bone; they include all sharks, rays, skates and 
chimaeras. Approximately 136 different species are known to inhabit the Region, 82 of which are sharks.283 This has 
led to the Region being identified as a global hotspot of shark species richness, functional diversity and endemicity.284

The ecological roles and importance of different sharks and rays vary depending on abundance, body size, trophic 
level and how specialised their diet is.285 Large apex predators, such as the great hammerhead shark and the tiger 
shark, are most likely to influence the population dynamics of prey species.285 Smaller sharks, such as blacktip 
reef sharks, are functionally equivalent to 
other middle-order predators, such as coral 
groupers. Many species of sharks and rays are 
relatively long-lived, grow slowly, mature later, 
and produce few offspring; these traits make 
them particularly susceptible to overfishing.

In the Region, at least 46 shark species are 
caught in the East Coast Inshore Fishery, 
with 17 species considered to be highly 
vulnerable to exploitation.286 Green sawfish, 
the Australian blacktip shark, the pigeye 
shark, the grey, blacktip and whitetip reef 
sharks and hammerhead sharks are among 
the most vulnerable species that interact with 
fisheries.287,288 Species richness and abundance 
of deep-water shark and ray species in the 
Region are naturally lower with increasing 
depth.289 Eleven species of rays and skates 
have been identified as highly vulnerable to the 
East Coast Otter Trawl Fishery.176 Deep-water species are more susceptible to overfishing than are shelf and pelagic 

species, because their populations take longer to recover from exploitation.290 Large-
bodied, shallow-water species of sharks and rays are the most vulnerable to depletion, 
with sawfishes being the most threatened.291,292 Climate change also threatens shark and 
ray populations, with 30 species within the Region highly or moderately vulnerable to 
climate change, mainly freshwater/estuarine and reef-associated species.293

In 2018, the scalloped hammerhead shark (Sphyrna lewini) was listed in the 
conservation-dependent category of threatened species under the Environment 

Protection and Biodiversity Conservation Act 1999 (Cth)294 due to declines throughout its entire Australian 
distribution and continued threats posed principally by commercial fishing.

Reef sharks patrolling the reef crest. © Matt Curnock 

Sharks and rays are vulnerable 
to multiple threats, particularly 
from overfishing and  
climate change
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The population status of many species in the Region remains a knowledge gap, but modelling of mortality rates 
has predicted potential declines in reef-shark abundance.295 Several species of sharks in the Region rely on coral 
reefs. A higher number of species of reef-associated sharks are found in areas of greater structural complexity (for 
example, rocky shoals and coral reefs) and their abundance is higher in areas with higher coral cover.296 No-entry 
zones within the Region contain significantly more reef sharks than no-take zones and areas open to fishing.297 A 
recent publication using analysis of the entire Queensland Shark Control Program dataset, which includes data from 
outside the Region, indicates that there may be declines in tiger, hammerhead, whaler and white sharks.298 There are 
likely to be multiple causes of decline and further analysis is required. Declines in sawfish populations have occurred 
since 1970 across their entire range, including within the Region.299 The conservation status and sustainability of 
some shark species in the East Coast Inshore Fishery remain uncertain and cause for concern286, although the 
catch of some target species is well below that which can be sustained. Given the widespread loss of coral cover 
and ongoing fishing pressure, the condition of some shark and ray species may have deteriorated since the 2014 
assessment. However, there is no consistent trend for sharks and rays as a group.

2.4.9 Sea snakes 
Sixteen species of true sea snakes have been recorded in the Region, and 14 species maintain permanent breeding 
populations.300 True sea snakes produce live young and are entirely marine, never venturing onto land. The Region is 
situated within the global hotspot of sea snake diversity.301 Sea snake species within the Region are protected under 
both Queensland and Commonwealth legislation.

Life history characteristics of sea snakes, such as low reproductive output (two to three live young every couple of 
years), and low dispersal make them particularly vulnerable to threats.301 As air-breathing organisms, sea snakes are 
susceptible to significant mortality when captured in trawl nets.302 Two species, the ornate reef sea snake and the 
elegant sea snake, have been identified as being at high risk from otter trawling.176 However, management changes 
in the trawl industry have reduced the capture of sea snakes by 60 per cent.302 The spine-bellied sea snake and the 
elegant sea snake use shallow bays associated with freshwater inflows.303 Inshore areas remain under pressure from 
direct or indirect anthropogenic impacts.43

While broad patterns in the distribution of sea snakes have been documented,300,302 up-to-date information about  
the distribution and abundance of individual sea snake species remains limited. No regular population monitoring 
occurs, in part due to logistical difficulties associated with counting sea snakes.304 Sea snakes within inshore regions 
of the central and southern Reef occur in relatively high abundance and diversity.305 In the north, research station 
staff have anecdotally reported localised depletion at a site known for high sea snake abundance near Lizard Island. 
However, the cause is unknown. Unexplained declines have been documented for two species of sea snake in the 
southern Reef.306

Although trawl bycatch has been reduced, some localised depletions of sea snake populations have been recorded, 
probably due to other impacts, such as thermal stress. Overall, based on the evidence available, the condition of sea 
snakes has remained stable across the Region since the Outlook Report 2014 assessment.

2.4.10 Marine turtles
Six species of marine turtle occur on the Reef and all are listed as threatened under 
Commonwealth and Queensland legislation. The Region has globally significant 
nesting and foraging areas for green, loggerhead, hawksbill and flatback turtles.307,308 
Marine turtles provide a number of ecological services, including herbivory and 
seagrass dispersal (green turtles), and contribute to nutrient cycling and sediment 
production.65,308,309,310 These iconic animals are also highly valued by Traditional Owners 
(cultural use), the tourism industry, visitors and residents.

Ninety per cent of nesting by green turtles from the southern (Heron, Wreck and 
North West islands) and northern populations (Raine Island and Moulter Cay) occurs within protected areas.311 The 
previously depleted southern population has more than doubled in the last 40 years312, reflecting the value of large-
scale habitat protection and the cessation of commercial harvesting in 1950313.

Since the mid-1990s, concerns have been expressed about declines in nesting and hatchling success of green 
turtles nesting at Raine Island.2,311 Extra management interventions implemented on some parts of the island since 
2014 are slightly improving reproductive success.27,314,315,316 Despite this, the previous period of low hatchling 
productivity is expected to cause a future decline in nesting turtle numbers on Raine Island because there will be 
fewer new adult females entering the population. Given an estimated 90 per cent of northern population females nest 
on Raine Island317 or nearby Moulter Cay318, there may be significant implications for the northern population as a 
whole. Warming temperatures are resulting in the feminisation of green turtles originating from nesting beaches in the 
northern Region, potentially leading to significant scarcity or absence of adult males in the future.319

Concerns are growing for the 
future of loggerhead, hawksbill 
and northern green turtles 
due to climate change and 
overseas fishing pressures
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Loggerhead turtle nesting numbers declined at all eastern 
Australian nesting sites in the 1970s through to 2001. The positive 
management response in Australia to past issues (Section 8.3.5) 
is reflected in the increased numbers nesting at Woongarra coast 
(Mon Repos Beach) — from 118 nesting females in 1997 to 421 
in 2017 (Figure 8.5).320 However, recruitment of the Region’s 
loggerhead turtles is being affected by overseas fisheries and 
marine debris, and this will subsequently affect nesting populations 
(Section 8.3.5).321

In 2016, the Torres Strait – northern Great Barrier Reef hawksbill 
turtle population was reclassified under Queensland legislation 
from vulnerable to endangered.322 Hawksbill turtles are known 
to only nest north of Princess Charlotte Bay. Milman Island in 
the north of the Region is the only nesting site in Queensland for 
which there is sufficient information to allow trend analysis. Nesting 
numbers at Milman Island continue to decline, although more 
slowly than previously observed.323

Flatback turtles occur only on the continental shelf of Australia, 
Papua New Guinea and Indonesia. Key nesting sites for the 
Region’s flatback turtles include Peak, Avoid, Curtis and Wild Duck 
islands (off central Queensland).324 Lower density nesting occurs 
on beaches within the port limits of Port Alma and Port Curtis 
and around Mackay.325 Some of these nesting sites are in the 
Region, while others are adjacent to it. At Peak Island, the nesting 
population appears to have stabilised, or is declining at a much 
slower rate.326,327 At Curtis Island, the size of the nesting population 
has halved in the last decade.326 There are insufficient long-term 
data to determine a clear trend for nesting at Avoid Island.326,327

The olive ridley turtle is not known to nest in the Region but it 
forages throughout the sub-tidal and non-reef habitats of the 
Region. Very limited information is available on the species’ 
foraging habits. Leatherback turtles have not been recorded 
nesting in eastern Australia for 22 years.328

Rising air and sand temperature as a result of climate change 
are the most immediate and broadscale threats to marine turtles 
because the gender of hatchlings is determined by temperatures 

experienced within the nest.329 Elevated air temperature has already strongly skewed the sex ratio in eastern 
Queensland foraging aggregations of hawksbill turtles towards females.328 An increase in feminisation has also 
occurred for flatback turtles at Peak Island.327,330

Artificial light from urban and industrial areas can reduce nesting success and the number of hatchlings finding their 
way to the ocean.331,332,333 Hotspots for elevated light include the Woongarra coast (outside the Region) (Section 
8.3.5), Gladstone and Mackay.327 Flatback turtle nesting areas on the east coast of Australia are experiencing a faster 
increase in light pollution than are nesting areas at other Australian locations.332

Smaller, oceanic-stage turtles are more likely to be affected by fragmented hard plastics in domestic and international 
waters than are turtles foraging along the coast.334,335,336 Vessel strike and ingestion of fishing line and hooks 
are primarily experienced by green and loggerhead turtles. These impacts appear to be more often caused by 
recreational than commercial activities, at least in certain locations.337,338,339 Hawksbill turtles are exposed to mortality 
from predation (for example by pigs, goannas and humans) and ghost net entanglement.308

Strandings of marine turtles can be related to food supply or occur due to marine debris ingestion and entanglement, 
vessel strike, interactions with fishing gear and disease.334,337,338,340 In the last few years, green turtle strandings 
have returned to levels similar to those observed before the significant 2010–11 disturbances (cyclone Yasi and 
subsequent flooding) to seagrass beds (Figure 2.13, Section 2.3.4).

Overall, there has been recovery of the southern green turtle populations. However, there are growing concerns for 
the future of loggerhead, hawksbill and the northern green turtle populations due to a number of external pressures, 
including climate change and overseas fishing morality (in Chile and Peru). The recovery of flatback turtle population 
has no consistent trend.

Figure 2.13 Green turtle strandings in the Region, 
2000–2018
Green turtle strandings (dead or alive) in the Region from 2000 
to 2018. Stranded turtles that were not identified to species 
level are not included in the graphed data, so the total is 
potentially higher than shown. Most records are from Cairns to 
the southern end of the Region. Cyclone Yasi and associated 
flooding occurred in early 2011 and led to widespread damage 
of inshore seagrass meadows (foraging habitats). 
Source: Department of Environment and Science (Qld) 2018337

A young flatback turtle. © Matt Curnock
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2.4.11 Estuarine crocodiles
The estuarine crocodile (Crocodylus porosus) is the largest living reptile.341 Crocodiles 
occur in most coastal waters of the Region, commonly in tidal reaches of rivers and 
along beaches and islands.342,343,344 Adult crocodiles are important apex predators in the 
ecosystem345, and their eggs and hatchlings are economically and socially important.345

Current condition and trend of crocodile populations remains an information gap. 
A three-year state-wide monitoring program to survey crocodile density along 28 
waterways from Cape York to Gladstone began in 2017. Preliminary results of vessel-
based spotlight surveys indicate an overall low density of crocodiles, averaging just 
one per linear kilometre, compared to five to 10 per linear kilometre in the Northern Territory.343 The North Kennedy, 
Normanby and Proserpine rivers support the highest densities of crocodiles from Bundaberg to Cape York, ranging 
from an average of 2.3 to 5.1 crocodiles sighted per kilometre. No crocodiles were observed in the rivers south of the 
Fitzroy River.343 

Illegal poaching, habitat loss and climate change are the main threats to crocodiles.330,346,347 Coastal development 
encroaching on swamplands, mangroves and riverbanks threatens crocodile populations south of Cooktown. 
However, climate change will probably affect all populations. Because crocodiles are cold-blooded animals, their 
physiology is affected by air and water temperatures. Warmer temperatures increase metabolism and, therefore, 
decrease energy conservation.348,349,350 Elevated water temperatures decrease diving times in juvenile crocodiles351, 

and temperatures above 33 degrees Celsius decrease sustained 
swimming speed352. 

Because the sex ratio of hatchlings is temperature dependent and 
temperature plays an important role in embryo development and 
incubation time, climate change will influence population dynamics by 
exposing nesting sites to increased air temperatures.353,354  
More frequent encounters between humans and crocodiles has 
necessitated an increased focus on the removal of high-risk animals 
by authorities.343 Climate change may contribute to a future increase in 
human-crocodile interactions, as crocodiles grow faster and to larger sizes 
in warmer temperatures.354,355

With no recently recorded impacts to crocodile populations, they have 
probably stabilised since the 2014 assessment.

2.4.12 Seabirds
The Region supports breeding populations of 20 seabird species.356 Seabirds have 
profound influences on island ecosystems by bringing nutrients from sea to land, 
including guano and by-products of breeding (such as unconsumed regurgitate, dead 
chicks and eggs).357 These nutrients may be vital to the fertility and biodiversity of some 
of the Region’s islands and surrounding reefs.30,358

Average Reef-wide trends indicate slight declines from 1980 to 2017 for breeding populations of six species: 
crested tern, brown booby, masked booby, common noddy, sooty tern and roseate tern.359 However, trends were 
inconsistent across islands and cays within the Reef. The population of breeding red-tailed tropicbirds on Raine Island 
has increased, on average, by approximately 1.4 per cent per year since 1980.359 Monitoring of trend and condition of 
the other 13 seabirds found in the Region remains a significant knowledge gap. The condition of seabirds in general 
remains poor and no consistent overall trend can be identified.

Raine Island is the only known breeding site in Australia for the critically 
endangered herald petrel (Pterodroma heraldica), which is rarely seen in 
the Region. In 2017, 26 birds were seen at Raine Island and one pair was 
observed breeding (the first confirmed breeding sighting since 1987).360

Changes in sea surface temperature affect food supplies for seabirds  
and can have implications at a population level.361 Other threats to seabirds 
include, but are not limited to, commercial and recreational fishing impacts 
on prey species, direct disturbance by recreation and tourism visitors to 
islands, the introduction of exotic plants and animals362,363, and ingestion 
(especially in inshore areas) and use in nesting of marine debris.364,365,366

Limited information exists on the populations of seabird species in  
the Region. Where information is available, the condition of most species  
is deteriorating.

Fluffy herald petrel chick on Raine Island. © Queensland 
Parks and Wildlife Service, photographer: G. Burrows

Crocodiles are important apex predators.  
© GBRMPA

North Kennedy, Normanby and 
Proserpine rivers support the 
highest estuarine crocodile 
population densities adjacent 
to the Region

Breeding populations of six 
seabird species in the Region 
have declined, while one 
species has increased
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2.4.13 Shorebirds
Approximately 41 (80 per cent) of Australia’s shorebird species are known to inhabit the Region and adjacent 
coastline.367 Two of Queensland’s five Ramsar sites (wetlands of international importance) are adjacent to the Region: 
Bowling Green Bay368 and Shoalwater and Corio Bays369. These sites support internationally significant numbers of 
migratory shorebirds, including endangered curlew sandpiper, eastern curlew and Australian pied oystercatcher.

Long-term shorebird population trends have not been analysed specifically for the coastline adjacent to the Region. 
However, national level analysis provides an insight to the regional trends of many migratory and non-migratory 
species.370,371 At a national level, 12 of 19 migratory shorebird species, all of which occur in the Region, declined 
significantly from 1973 to 2014370, despite high levels of habitat protection in Australia.372 Climate change and loss of 
intertidal habitats through pollution and degradation (for example, Yellow Sea tidal mudflats of East Asia) are primarily 
driving the decline.370,371,373,374 Of the Region’s seven non-migratory species whose populations were assessed at a 
national level, red-capped plovers, Australian pied oystercatchers and sooty oystercatchers were found to be stable 
or increasing from 1973 to 2014, whereas the other four species were declining.370 Within the Region, the Mackay 
area appeared to be losing large numbers of multiple shorebird species. In contrast, Bushland Beach, Lucinda and 
Cape Bowling Green had the highest retention of shorebird species from 1973 to 2014.370

Shorebird populations face a number of threats, including habitat loss and degradation from coastal development, 
human disturbance, predation and disturbance by domestic and feral animals, commercial and recreational fishing 
impacts on prey species, and the introduction of exotic plants to important nesting locations.367 These threats are 
generally heightened during and after migration or when non-migratory shorebirds are breeding and caring for their 
eggs and young. The major migration route, known as the East Asian – Australasian Flyway, is among the most highly 
threatened flyways in the world due to widespread declines in, and degradation of, habitat.371,373,375 Climate change 
represents a significant threat to shorebirds, with increasing temperatures already causing earlier migration times376, 
changes to egg-laying times, timing mismatches with food resources377,378 and loss of habitat379. Coastal development 
and human disturbance within Australia can reduce local shorebird abundance380, which could have important 
cumulative effects at the species level. These potential impacts highlight the importance of protecting habitat in the 
Region and Catchment.

The condition of shorebirds in the Region is difficult to determine due to limited Region-specific information, although 
significant declines across Australia have occurred.

2.4.14 Whales
Whales and dolphins belong to the group of marine mammals called cetaceans. They vary greatly in size, feeding habit 
and behaviour. There are two major groups (suborders) of cetaceans, the Mysticeti (baleen whales) and the Odontoceti 
(toothed whales and dolphins). Approximately 15 species of whales are known to occur within the Region. Humpback 
and dwarf minke whales (both baleen whales) are the most commonly encountered species. The first recorded 
sighting of a rare Omura’s whale in the Reef was filmed in 2016.

Migratory baleen whales, such as the humpback whale, can move nutrients thousands of kilometres from productive 
feeding areas in the Southern Ocean to calving areas in the Region.381,382 Little is known of the current condition and 
trend of the toothed whale species that visit the Region. Most are believed to be oceanic species that spend only 
short periods of time there. Whales are economically important to the Region, as reliable and extremely popular 
tourist attractions.383,384

All species of whales within the Region are protected by legislation. Since being protected 
from hunting in Australian waters in 1980, the eastern Australian humpback whale 
population has exhibited a strong recovery, with an annual growth rate of around 10–11 
per cent.385,386 The last survey, in 2015, recorded more than 24,000 whales; an estimated 
recovery of 58–98 per cent of the original population.385 This rate of recovery suggested 
that the humpback whale population was likely to be more than 30,000 in 2018. As 
the population approaches its carrying capacity, estimated to be up to 40,000 whales, 
climate change, food availability and disease may become important limiting factors for 

the population.387 Dwarf minke whales also migrate from the Southern Ocean to the north of the Region each winter, 
potentially for breeding.388 While tourism interactions record the number of small dwarf minke whale aggregations, it is 
unknown how representative these numbers are of the overall population size.383

Although threats to individual whales while transiting through the Region include entanglements in nets, underwater 
noise and vessel strikes, the greatest threat to the population persistence of baleen whales is climate change and the 
related effect on their food sources outside the Region.385,389,390,391 The increasing abundance of humpback whales 
and ships in the Region is likely to increase ship and vessel strikes (Section 5.8.3).392

Populations of whale species within the Region are believed to be currently stable, apart from humpback whales that 
are probably still increasing.

The condition of most whale 
populations is unknown, 
however, humpback whales 
continue to recover strongly
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2.4.15  Dolphins
An estimated 18 species of dolphin occur in the Region. Dolphins are important top-level predators that feed on a 
variety of fish, crustaceans, shellfish and squid.393 Dolphins can concentrate contaminants in their tissues; high levels 
of contaminants can be an indication of ecosystem stress.394,395,396 Economically, dolphins are important to tourism 
and recreational users as iconic marine megafauna.

Four dolphin species reside in the Region year round. The spinner dolphin (Stenella longirostris) is found from the 
coast to the eastern boundary of the Region. The other three species — the Australian snubfin dolphin (Orcaella 
heinsohni), Australian humpback dolphin (Sousa sahulensis, formerly the Indo-Pacific humpback),397 and the 
Indo-Pacific bottlenose dolphin (Tursiops aduncus) — inhabit inshore waters. Another 14 species are occasionally 
found on the outer waters of the Reef, but limited information exists for these species.

All dolphin species within the Region are protected by legislation. In 2015, Australian 
humpback and snubfin dolphins were listed as high-priority species for conservation 
under the Reef 2050 Plan.9 No Region-wide abundance assessments exist for these two 
species. However, recent estimates indicate there are several, fragmented populations 
of each species (ranging from 70 to 150 individuals) along the Queensland coast, similar 
in size to populations found in other Australian states.393,398,399,400 Population modelling 
shows that losing more than one dolphin per year from any of these isolated populations, as a result of human 
causes, is not sustainable.399,401 Three snubfin dolphins and five Australian humpback dolphins were reported to have 
died between 2014 and 2017,337 so it is possible that at least some of the isolated populations in the Region are in 
decline. However, it is unclear how accurately these observations reflect total mortality within the current population.

Several anthropogenic processes cumulatively threaten dolphin 
populations, including vessel strikes, coastal development resulting 
in habitat degradation and modification, incidental capture in 
commercial set mesh nets, shark control nets set for safety 
(noting that, as of 2019, there are only two left within the Region 
and none within the Marine Park), water pollution and climate 
extremes.401,402,403,404 The effects of thermal stress in 2016 and 
2017 on the Region’s dolphin populations are unknown. However, 
an unprecedented marine heatwave in Western Australia had 
long-lasting negative impacts on both survival and birth rates of a 
resident population of Indo-Pacific bottlenose dolphins; this was 
associated with loss of seagrass habitat and mass mortality of 
invertebrate and fish communities.405 All three inshore species are 
vulnerable to human activities, such as habitat loss, vessel strikes, 
and incidental capture and drowning in mesh nets.394,406 Offshore 
dolphin species are less likely to be exposed to nearshore threats, 
but remain vulnerable to anthropogenic climate change. Overall, 
due to multiple and cumulative threats, populations of dolphin 
species within the Region have probably deteriorated since 2014.

2.4.16 Dugongs
The dugong (Dugong dugon) is the only remaining species of the family Dugongidae. The Region is home to a 
globally significant population of dugongs recognised as contributing to the Reef’s outstanding universal value.28,407

Dugongs are the only herbivorous mammals that are strictly marine, and they play a fundamentally important 
ecological role in the functioning of coastal marine habitats, particularly seagrass systems.408,409,410 As large 
herbivores, dugongs consume a considerable amount of seagrass (approximately seven per cent of their body weight 
per day).62 This consumption strongly influences the productivity of seagrass ecosystems, which in turn provides 
other ecosystem services, such as carbon sequestration and storage.410 Individual dugongs can move several 
hundred kilometres in a few days, potentially supporting large-scale seagrass dispersal and thereby contributing to 
connectivity between seagrass meadows and aiding seagrass resilience and recovery.65 Dugongs are also important 
cultural keystone species for local communities in the tropics.411,412

Dugongs occur along the length of the Region, and their abundance and distribution is monitored periodically. The 
nature and scale of human impacts on dugong populations and their habitats vary geographically. Two distinct areas 
are recognised: the remote coast (from Cooktown to the northern boundary of the Marine Park) and the urban coast 
(from Cooktown south to the southern boundary of the Marine Park). A series of aerial surveys conducted about 
every five years since the 1980s indicates the dugong population along the urban coast was significantly higher in 
2016 than in 2011.413 This difference is attributed to dugongs migrating into the area as the condition of seagrass 
communities recovered following flood and cyclone impacts in 2011.59 The percentage of calves observed also 

A small pod of snubfin dolphins socialising near 
Repulse Bay, south of Airlie Beach, as captured by 
a drone. © GBRMPA
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Two inshore dolphin species, 
snubfin and humpback 
dolphins, are particularly at risk 
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increased from zero in 2011 to more than 10 per cent of the population in 2016.413 Unsuitable weather caused 
cancellation of remote coast surveys planned for late 2018, and these will now occur in 2019.

Statistical analyses of the aerial survey data414 suggest an overall decline in dugongs across the entire Region of 2.3 
per cent per annum between 2005 and 2016. The probability that dugong abundance 
declined in the remote coast area between 2005 and 2013 is 0.79 (out of a possible 
1.00), with an estimated decline of 3.1 per cent per year. For the urban coast area, the 
probability that the population declined over the same period is 0.69, with an estimated 
decline of 1.5 per cent per year.

Key impacts on dugongs include incidental drowning in commercial fishing nets, vessel 
strikes, habitat degradation and poaching.415 Loss or degradation of seagrass habitats, 
due to prolonged periods of rain, floods or cyclones, can severely and acutely deplete the 

populations, because the reduced food availability delays reproduction and ultimately causes starvation.62,416 Climate 
change is a threat to dugong populations, since it affects coastal environmental conditions and flood events, both of 
which affect dugongs and the seagrass habitats they rely upon.62,417

Although the Region’s dugong population exhibits an overall long-term decline, there has been some recent recovery 
for the urban coast dugong population since 2014.

A dugong mother and calf swim near Low Isles. © Chris Jones 

In the southern Great Barrier 
Reef, more dugong  
calves were observed in  
2016 than in 2011
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Grading statements — habitats to support species Trend since last report

Very good
All major habitats 
are essentially 
structurally and 
functionally intact 
and able to support 
all dependent 
species. 

Good
There is some habitat 
loss, degradation or 
alteration in some 
small areas, leading to 
minimal degradation 
but no persistent, 
substantial effects 
on populations of 
dependent species.

Poor
Habitat loss, 
degradation or 
alteration has occurred 
in a number of areas 
leading to persistent, 
substantial effects on 
populations of some 
dependent species.

Very poor
Widespread habitat 
loss, degradation or 
alteration has occurred 
in a number of areas 
leading to persistent, 
substantial effects on 
many populations of 
dependent species.

 
Borderline
Indicates where a 
component or criterion 
is considered close to 
satisfying the adjacent 
grading statement. 

h 
n
i
0

Improved

Stable

Deteriorated

No consistent trend

Confidence

Adequate high-quality 
evidence and high level of 
consensus

Limited evidence or 
limited consensus

Inferred, very limited 
evidence

Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

i i

Habitats to support species: The condition of habitats overall is poor at a Region-wide scale, 
because habitat loss, degradation or alteration has occurred in a number of areas leading to 
persistent substantial effects on populations of some dependent species. There is a high level of 
variability in the scale and condition of all habitats assessed, and data for the majority of habitats 
are limited. For many habitats considered in good condition overall, condition is usually lower 
closer to the coast and in the vicinity of developed areas. The isolation of Halimeda banks and 
continental slope from the mainland, and their depth, contribute to their very good condition. 
Extreme sea surface temperatures and localised flood plumes have affected many habitats, 
particularly seagrass meadows and the water column, and caused widespread deterioration in 
coral reef habitats. 

i n
Islands: Localised damage to some islands has occurred from severe weather, temperature 
extremes and pests. Recovery from past impacts is occurring and monitoring of island condition 
is increasing.

n n
Mainland beaches and coastlines: Some beaches and coastlines have been modified as a 
result of natural processes, coastal development and climate change. However, most remain in a 
relatively natural state.

n n
Mangrove forests: Cyclones have caused localised habitat loss and degradation; recovery is 
occurring.

i 0 Seagrass meadows: Degradation of inshore seagrass meadows has occurred in a number of 
areas and recovery has been slowed by a number of disturbances. The absence of seed banks 
and low reproductive effort have resulted in many seagrass meadows being vulnerable.

i i
Coral reefs: Multiple severe disturbances have caused widespread damage and loss of coral 
reef habitat in a number of areas. Coral recruitment has declined significantly. Evidence of 
cascading effects on coral dependent species, such as fish and invertebrates is emerging. 

n i
Lagoon floor: Some areas of the lagoon floor have been exposed to prolonged thermal stress, 
impacts associated with dredging and disposal, bottom trawling, shipping and potentially 
damaging cyclonic waves. 

n i
Shoals: Underwater mapping has increased understanding of shoal extent but not condition. 
Since 2014, over 10 per cent of shoals have been exposed to potentially damaging cyclonic 
waves and many have been exposed to prolonged thermal stress. 

2.5 Assessment summary — Biodiversity
Paragraph 54(3)(b) of the Great Barrier Reef Marine Park Act 1975 requires ‘… an assessment of the current 
biodiversity …’ within the Great Barrier Reef Region. 

This assessment is based on two assessment criteria:

• habitats to support species 
• populations of species and groups of species.

2.5.1 Habitats to support species
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2.5.2 Populations of species and groups of species
Grading statements — populations of species and groups of species Trend since last report

Very good
Only a few, if any, 
species populations 
have deteriorated 
as a result of human 
activities or declining 
environmental 
conditions.

Good
Populations of 
some species (but 
no species groups) 
have deteriorated 
significantly as a result 
of human activities or 
declining environmental 
conditions.

Poor
Populations of many 
species or some 
species groups 
have deteriorated 
significantly as a 
result of human 
activities or declining 
environmental 
conditions.

Very poor
Populations of a large 
number of species 
have deteriorated 
significantly.

 
Borderline
Indicates where a 
component or criterion 
is considered close to 
satisfying the adjacent 
grading statement. 

h 
n
i
0

Improved

Stable

Deteriorated

No consistent trend

Confidence

Adequate high-quality 
evidence and high level 
of consensus

Limited evidence or 
limited consensus

Inferred, very limited 
evidence

Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

i i

Populations of species and groups of species: The majority of species or groups of species 
have declined, mainly due to human activities and climate change impacts. Findings reflect both 
ongoing effects of past significant population declines (for example, from historic commercial 
harvesting) and impacts on the habitats they depend on. Deterioration (to varying extents) has 
now occurred throughout the Region, not just the southern two thirds, and is particularly evident 
in coral species. Some species (such as humpback whales and some turtle populations) show 
continuing recovery from historical declines. 

n n
Mangroves: The diversity and abundance of mangrove species are being maintained, with 
several new species being recorded in the Region. 

i n
Seagrasses: Inshore seagrass community composition continues to change in many inshore 
meadows as the habitat recovers from past disturbances. 

Benthic algae: Overall benthic algal diversity appears to be maintained and abundance has 
increased in some areas, resulting in good condition across the Region. However, some species 
of coralline algae were affected by thermal stress in 2016 and 2017 and are showing signs of 
stress from ocean acidification. Turf algal condition is also deteriorating in some inshore locations 
due to sedimentation. A trend cannot be provided due to macroalgae and benthic microalgae 
being combined in 2019. 

n
Macroalgae: Combined into benthic algae assessment.

i
Benthic microalgae: Combined into benthic algae assessment.

i i
Corals: Unprecedented mass coral bleaching due to global warming, outbreaks of crown-
of-thorns starfish and cyclone impacts have reduced coral diversity and abundance, with 
widespread loss of key habitat-forming coral species at many locations. 

Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

n 0
Halimeda banks: Improved spatial analysis has increased understanding of the spatial coverage 
of Halimeda banks. Understanding its ecological role and condition remains limited. Exposure to 
potentially damaging cyclonic waves and thermal stress has occurred since 2014, but impacts 
are inferred to be limited given their isolation and depth. 

i n
Continental slope: Much of this habitat remains undisturbed and minimally affected. The upper 
continental slope around the Swain Reefs is exposed to high levels of trawl effort. Clarification on 
the extent of this habitat has resulted in a grade of very good. 

i i
Water column: The water column has deteriorated in some inshore areas due to the impacts 
of land-based run-off. Alteration of the water column may have occurred in a number of areas 
following record-breaking temperature extremes potentially leading to substantial effects on 
some species. The condition of water column habitat is good borderline poor.
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Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

i i
Other invertebrates: Prolonged thermal stress, substantial loss of coral habitat, poor water 
quality and fishing have probably adversely affected many invertebrate species across a range of 
habitats. Populations of bioeroding species may have increased with more dead coral substrata 
available in affected areas.

i i
Plankton and microbes: There is little information on plankton and microbe populations in the 
Region. Changes in water temperature and water quality are likely to be negatively impacting 
plankton and microbial communities. 

i i

Bony fishes: Little is known about the condition of most bony fish species on a Region-
wide scale given it is a highly diverse group. Some coral-dependent fishes have decreased in 
areas affected by mass bleaching events. Some herbivore populations have remained stable 
or increased in some areas. Current extraction rates for some fished bony fish species are 
considered sustainable, however, there are concerns for other species. There is likely to be a lag 
in detecting effects on bony fishes following multiple impacts on their habitat.

i 0
Sharks and rays: Quantitative information does not exist for most species of sharks and rays 
in the Region; some species have declined, others recovered and trends for most species are 
unknown. Fishing (and incidental catch) and climate change are the primary threats to sharks and 
rays, with at least 17 species considered highly vulnerable to exploitation and 30 species at risk 
from climate change.

n n
Sea snakes: The trawl fishery continues to kill sea snakes through bycatch. Management 
changes in the trawl industry have reduced capture. Localised depletions have been reported. 
Condition information is a knowledge gap because no ongoing monitoring occurs.

0 0
Marine turtles: Heightened concerns exist for the future of loggerhead, hawksbill and northern 
green turtle populations. The southern green turtle population continues to recover. The trend for 
flatback turtles is not clear.

h n
Estuarine crocodiles: Estuarine crocodile population density across the Region is estimated to 
be low. Climate change may be altering the sex ratios of hatchlings and increasing the maximum 
size of adults. 

0 0
Seabirds: Limited information is available on the condition and trend of seabirds. Reef-wide 
trends indicate slight declines in six seabird populations between 1980 and 2017. The population 
of one species is increasing.

0
Shorebirds: Population estimates for the Region’s shorebirds are not differentiated from the 
national level analyses, making condition assessments difficult for the Region. Large numbers of 
multiple shorebird species have declined in the Mackay area, whereas other areas have retained 
populations of shorebird species.

h n
Whales: Populations of whale species within the Region are believed to be currently stable. 
Humpback whales have recovered strongly. Climate change is the greatest threat to baleen 
whale populations and the related effect on their food sources outside the Region. 

i i
Dolphins: Data on the Region’s dolphins are very limited. Offshore dolphin species are 
considered more stable as they are less likely to be exposed to human-related threats than 
inshore dolphin species. Concerns continue for the condition of Australian humpback and 
snubfin dolphins (both inshore species), which may be in decline due to human-related mortality. 

i h
Dugongs: The Region is home to globally significant populations of dugongs. Over the entire 
Region there is a high probability that the dugong population declined between 2005 and 2016. 
Along the urban coast, from Hinchinbrook south, the breeding rate has improved since the 
impacts of cyclone Yasi and widespread flooding in 2011.
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2.6 Overall summary of biodiversity
The Region is one of the world’s most diverse and remarkable ecosystems and contains the largest coral reef system 
in the world. This biodiversity is a critical component of the Reef’s outstanding universal value and natural heritage 
value. Biodiversity was assessed in terms of habitats and populations of species. 

Across the entire Region, the condition of habitats (as a group) was rated poor, 
compared with a rating of good in 2014. This deterioration reflects that habitat loss and 
degradation or alteration in a number of areas have had persistent and substantial effects 
on populations of some dependent species. The significant and large-scale impacts 
on coral reef habitats and coral species from extreme sea surface temperatures due 
to global warming has resulted in these components transitioning from poor to very 
poor condition for the first time in the history of Outlook reporting. Exposure to high sea 
surface temperatures and severe cyclones are also likely to have influenced the condition 

of other habitats, such as the lagoon floor, shoals and the water column, which are rated good but deteriorating. 

Coastal habitats, including mangroves, islands and mainland beaches and coastlines, remain in good condition 
across the Region. However, confidence in these grades is limited given a lack of broadscale quantitative data and 

ongoing monitoring. Many habitats have declining trends, and the two key habitats where 
confidence in grades is adequate (seagrass meadows and coral reefs) are rated as being 
in poor and very poor condition, respectively. 

The condition of the Region’s species is also of concern, with the overall assessment of 
species’ populations deteriorating from good in 2014 to poor. Condition declined in most 
of the assessed species components, and over half are graded as being in poor or very 
poor condition. Species assessments reflect both long-lasting effects of significant past 
population declines (for example, from historical commercial harvesting) and effects of 

deterioration of the habitats they depend on. There are a few instances where species have improved in condition. 
Humpback whales and the southern population of green turtles continue to recover, and the breeding rate of urban 
coast dugongs has improved since the impacts of the cyclone and flooding in 2011. 

For both habitats and species, grades provided are for the entire Region. The size of the 
Region is extensive and variability in condition exists. For example, reefs that escaped 
impacts of bleaching, cyclones and crown-of-thorns outbreaks remain in good condition. 

Key knowledge gaps remain for many species and habitats that are not comprehensively 
monitored. The lack of information on most groups of species is concerning, because 
declines may not be evident until critical thresholds are exceeded. Condition is inferred 

for some of the deeper and less accessible habitats, such as Halimeda banks, the continental slope and lagoon floor, 
because these habitats are not frequently monitored and large knowledge gaps remain.

The Region has experienced an unprecedented level of widespread cumulative stress since 2014. Further 
deterioration in the condition of habitats and species is likely in future if threats persist and recovery windows are no 
longer adequate.

Groper swallowing a crayfish. © Tane Sinclair-Taylor

The Region is one of the 
world’s most diverse and 
remarkable ecosystems and 
contains the largest coral reef 
system in the world

Significant and large-scale 
impacts on coral reefs from 
extreme ocean temperatures 
has resulted in this habitat 
transitioning from poor to very 
poor condition

Humpback whales and 
the southern green turtle 
population continue to recover
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<< A seabird chick waits for a parent to return with food — recruitment of new individuals into populations is an important  
 ecological process. © Tane Sinclair-Taylor
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E C O S Y S T E M  H E A LT H
(an element of natural heritage)

‘an assessment of the current health of the ecosystem within the Great Barrier 
Reef Region and of the ecosystem outside that region to the extent that it affects 

that region’, s 54(3)(a) of the Great Barrier Reef Marine Park Act 1975

3.1 Background
The Region’s ecosystem includes all of its species interacting together within the physical and chemical environment. 
Ecosystem health encompasses these key interactions and processes that operate to keep an ecosystem 
functioning. For example, without the process of larval dispersal by currents, species and habitats would not 
replenish after disturbances. Broadscale impacts have more potential than smaller localised impacts to disrupt 
ecosystem processes. 

Change in biodiversity can only be used as an approximate indicator of ecosystem status.418,419 An ecosystem is 
considered healthy if it is able to maintain its structure and function in the face of external pressures.420 A functioning 
ecosystem provides a range of services and benefits to humans, including supporting, provisioning, regulating and 
cultural services.421,422 

This systematic assessment of the health of the Reef ecosystem is based on five assessment criteria, which consider 
the Region’s main processes (Figure 3.1):

• physical processes
• chemical processes
• ecological processes
• coastal ecosystems that support the Great Barrier Reef
• outbreaks of disease, introduced species and pest species.

The scope of the components assessed remain the same as the previous Outlook Report, with a few minor updates 
to titles (Appendix 2). 

Predation is a key ecological process. © Tane Sinclair-Taylor Coral spawning is a well known recruitment phenomenon.  
© Mikaela Nordborg
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3.2 Current condition and trends of physical processes
Seven physical processes are graded. Currents remain in very good condition and four physical 
processes (cyclones and wind, freshwater inflow, sea level and light) remain in good condition. 
Sediment exposure remains poor and sea temperature has deteriorated to very poor. 

Full assessment summary: see Section 3.7.1

i

3.2.1 Currents 
Types of currents that affect the Region include oceanic, wind-driven and tidal. Currents support biodiversity and 
ecosystem functions within the Region, via exchange of shelf and Coral Sea waters and upwelling, promoting 
larval dispersal and connectivity.152,423,424,425,426 Currents also transport pollutants and 
contaminants, such as land-based run-off, dredge spoil and microplastics, from Australia 
and distant regions to the Reef.161

Two branches of the South Equatorial Current enter the Region and split into the North 
Queensland Current (Hiri Current) flowing north and the East Australian Current flowing 
south.426 The South Equatorial Current influences the Region at multiple locations and 
controls the relative strength of the North Queensland Current and the East Australian 
Current.426 The East Australian Current is the predominant current around reefs and island 
chains, and together with tidal currents create eddies, jets and other fine-scale circulation features that affect local 
reef-scale processes and connectivity.152 Generally, the North Queensland Current and East Australian Current are 
of similar strength. However, this changes during extreme El Niño and La Niña events. The southerly flow is more 
dominant on mid-shelf reefs during El Niño and the northern flow is stronger during La Niña.424

Figure 3.1 Major physical, chemical and ecological processes
The health of the Reef ecosystem is assessed by considering its physical, chemical and ecological processes as well as the condition of its 
supporting coastal ecosystems. Outbreaks of pests and diseases are also considered as a guide to overall health.

The East Australian Current 
has already warmed 
and extended south by 
approximately 350 kilometres
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While currents as a physical process in the Region have continued to connect and transport species and nutrients, 
changes are occurring. For example, the East Australian Current has already warmed and has extended south of the 
Region by approximately 350 kilometres.427 This pattern is expected to increase under climate change projections 
(Section 6.3). Overall, there have been no significant changes to currents within the Region, and they continue to 
transport and connect species and habitats.

3.2.2 Cyclones and wind 
Cyclones track through much of the world’s tropical regions and are significant drivers of ecosystem change.428 
During El Niño events, there are typically fewer tropical cyclones than average, while more tend to occur during La 
Niña events. Destructive waves generated by cyclones can cause extensive damage; for example, they can kill coral 

and damage reef structure429, destroy mangrove forests54 and cause high levels of erosion 
on islands.430 

Damage to ecosystems from cyclones is usually patchy and highly variable at local scales 
(less than 10 metres).274,431,432 The likelihood of destructive waves in a particular location 
depends on the cyclone’s intensity, size, speed of forward motion and fetch.433,434 Weaker 
cyclones of sufficient fetch that move slowly over areas can generate waves that are 
just as destructive as those from the strongest cyclone.434 The spatial435 and temporal 

distributions436 of cyclones are important attributes in assessing the vulnerability of habitats and species, as is the 
overall disturbance history.437

Long-term monitoring indicates that, before the 2016 mass bleaching, cyclones had caused the greatest overall 
coral loss in the Region.438 Since 2014, six tropical cyclones have made landfall along the Region’s coastline, with 
five of those being severe (Category 3 or above, Figure 3.2), affecting 68 per cent of reef area in the Region.434 Past 
cyclones have caused extensive declines in hard coral cover432 and coral trout abundance.439 Surveys conducted 
following cyclone Ita in 2014 found a decline in biomass of several damselfish species and an increase in herbivores 
around Lizard Island.274 The effects of cyclone Debbie on reefs in the Whitsundays are still being determined. 
However, six reefs surveyed in 2017 exhibited an average 70 per cent loss of coral cover at two metres depth 
and 64 per cent loss at five metres depth, but this ranged up to 98 per cent in some areas.440 Because cyclone 
Debbie moved extremely slowly (average forward speed of just over seven kilometres per hour), gales near the reefs 
persisted for a maximum of 56 hours, making it the third most persistent cyclone since 1985.441,442 Although the 
cumulative effect of cyclone impacts since 2014 has not been quantified, it is likely that many affected species are still 
recovering.

Wind influences the marine ecosystem, shaping islands and coastlines, and influencing waves and currents and the 
pathways of marine pollution.443,444 Established wind patterns also influence reef animals, such as corals445 and fish.446 
Any changes in wind patterns may also alter connectivity within the Region, via the distribution of wind-borne seeds 
and larvae from coral, fish and invertebrates.447,448,449,450

Since 2014, over 50 per cent 
of the Reef area has been 
exposed to destructive waves 
from six tropical cyclones

Figure 3.2 Number and severity of cyclones, 1970–71 to 2018–19 
Five severe cyclones (Category 3, 4 or 5) have affected the Region since 2013–14. Source: Bureau of Meteorology 2019451
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Wind patterns and the intensity of cyclones have not measurably changed since the 2014 Outlook Report 
assessment.452 Forward speeds of tropical cyclones over Australia have slowed by an average of 22 per cent 
between 1946 and 2016; this slowdown has been linked to rising temperatures associated with human-induced 
climate change.453 Nonetheless, these changes have not yet had a demonstrable effect on ecosystem function and 
no consistent trend was detected in the 2014–2018 assessment period.

3.2.3 Freshwater inflow
Rivers and streams from the Catchment drain an approximate area of 424,000 square kilometres. Rivers in the Cape 
York, Wet Tropics and Mackay–Whitsunday natural resource management (NRM) areas generally have groundwater 
flow all year round and high rainfall events every year. By comparison, the Burdekin, Fitzroy and Burnett–Mary areas 
have less frequent but higher discharge events.454,455

Freshwater input lowers salinity and introduces sediment, nutrients, pesticides, 
herbicides and other pollutants into the marine environment, which can have significant 
effects on inshore and mid-shelf habitats and species.43,456,457 Lower salinity and light can 
lead to localised coral and seagrass mortality. For example, a large-scale flood plume 
from the Fitzroy River in 2010 lowered seawater salinity and caused 40–100 per cent 
coral mortality at Keppel Bay.458 

Freshwater flow has also become more variable since European settlement, with more extremes experienced during 
wet and dry seasons.459 Substantial changes in freshwater flow into the marine environment appear to be associated 
with changes in the El Niño-Southern Oscillation.457 Cores taken from long-lived corals indicate that the frequency of 
high freshwater flows into the Region has increased over the past two centuries, from every 20 years in 1748–1847 
to every six years in 1948–2011.457,460 Along with climate change, extensive land clearing and changes in land use 
(Section 6.4) have occurred over this time period, and are likely to have altered hydrology, contributing to higher 
freshwater discharges.457

The frequency of freshwater flows has increased cumulative pressures on the Region since European settlement. This 
has affected recovery of inshore coral and seagrass habitats, which are inhibited by the reduced time between high-
flow periods.59,457,461 Despite this longer-term change, freshwater flow was near or below the long-term average for 
the Catchment between 2013 and 2018, similar to the period 2004–2007 (Figure 3.3).460 The correlation between low 
rainfall, low flows and coral recovery was observed in the Burdekin region from 2013 to 2018, where coral condition 
improved from poor to moderate.440,462,463 As described above, human activities have caused significant changes in 
freshwater inflow, although over the past five years freshwater flow has been near or below the long-term average, 
resulting in a stable trend in condition since 2014.
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Figure 3.3 Annual freshwater discharge from major rivers, 2003–04 to 2016–17
Discharge in millions of megalitres (ML) (hydrological year: 1 October to 30 September) for the 35 main Reef rivers, combined 
for each of the six NRM regions. Bar colours: red = ≥3 times long-term median flow, orange = 2–3 times, yellow = 1.5–2 times, 
blue = <1.5 times. Dashed grey line indicates long-term median for each natural resource management region. Source: Data 
supplied by Department of Science, Information Technology and Innovation (Qld) 2018. Compiled by James Cook University (Gruber et al. 
2019155)

Between 2013 and 2018, 
freshwater flow was near or 
below the long-term average 
for the Catchment
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3.2.4 Sediment exposure
The process of sediment exposure includes the transport of sediment into and throughout the Region, including 
through resuspension and increased turbidity, and sediment settling on plants and animals. The inflow, dispersion, 
resuspension and consolidation of sediments from land to the sea is a natural process that has occurred in the 

Region since the current sea level was reached about 6500 years ago.85,154,466 

Since European settlement, suspended sediments entering the Reef lagoon are 
estimated to have increased five-fold154,467, which can be largely attributed to human 
influences.43 This increase is a result of soil erosion from rangeland grazing and cropping, 
urban development, deforestation and mining. Some of the increase can also be 
attributed to fluctuation in weather, climate change and associated changes in rainfall and 
land-based run-off.467,468 

Most sediment is delivered to the Region during flood events469, with the amount varying along the coast between 
the six NRM regions and individual catchments.467 Modelling of land-derived total suspended solids indicate that the 
highest exposure levels from anthropogenic sediment loads are concentrated in the inshore areas, with the largest 
inputs from the Burdekin River (Figure 3.4). 

Freshwater inflow — 2019 event
In February 2019, an active monsoon trough led to extreme rainfall and subsequent flooding around Townsville 
(approximately 1.3 metres of rain fell in 10 days).464 Heavy rainfalls occurred from Cape York to the 
Mackay–Whitsunday natural resource management region. The volume of water discharged from the Burdekin 
River was the largest in eight years (14.5 million megalitres in three weeks), and it extended to the outer-shelf 
reefs.465 Greenish waters, indicating high phytoplankton (algae) levels, were observed in mid-February. The 
flood plume extended beyond the outer shelf and moved south (potentially being carried by the East Australian 
Current).465 The flooding is likely to have affected water quality via reduced salinity and elevated nutrient and 
sediment loads from major river systems, with consequent impacts on seagrass meadows, crown-of-thorns 
starfish larvae and coral reef ecosystems.465 Freshwater bleaching and disease may have occurred on some 
inshore reefs.465 

Left: Burdekin River flood plume inundates Old Reef, Stanley and Darley reefs. © Queensland and Australian Government agencies/programs: TropWATER 
(JCU), Marine Monitoring Program (GBRMPA), Office of the Great Barrier Reef, NQ Dry Tropics, CSIRO and NESP (Tropical Water Quality Hub), 
photographer: Matt Curnock, 2019.
Right: River flood emerging from the Burdekin River (12 February 2019) after unprecedented levels of rain and flooding. The use of imagery  
from the NASA Worldview application (https://worldview.earthdata.nasa.gov/), part of the NASA Earth Observing System Data and Information System (EOSDIS)  
is acknowledged.

Sediment loads continue to 
contribute to the poor state 
of many inshore coastal and 
marine ecosystems

BOX 2



54 ECOSYSTEM HEALTH

Kilometres

2015–16 (dry year)

!

!

!

!

!

!

!

!

QLD

Townsville

Mackay

Cairns

Rockhampton

Gladstone

Bundaberg

Cooktown

Bowen

Cape York

Wet Tropics

Burdekin

Fitzroy

Burnett–Mary

Mackay–
Whitsunday

Tully
River

Fitzroy River

Burdekin River

Mulgrave-Russell River

SDC190101-03a2

´0 300

Kilometres

Load estimates for both years

Pre-European

Developed

Developed

Pre-European load estimate

Current load estimate

!

!

!

!

!

!

!

!

QLD

Townsville

Mackay

Cairns

Rockhampton

Gladstone

Bundaberg

Cooktown

Bowen

Fitzroy

Burdekin

Cape York

Burnett–Mary

Wet Tropics

Mackay–
Whitsunday

Mulgrave-Russell River

Tully River

Fitzroy River

Burdekin River

2012–13 (wet year)

´0 300

Pre-European

Total suspended solids loading
(concentration mg/L)

High : 30

Low : 0

Great Barrier Reef Region and
World Heritage Area boundary

Indicative reef

Great Barrier Reef
Catchment boundary
Natural Resource Management
region boundary - extended to
outer Great Barrier Reef Region
and World Heritage Area boundary

River

Kilometres

2015–16 (dry year)

!

!

!

!

!

!

!

!

QLD

Townsville

Mackay

Cairns

Rockhampton

Gladstone

Bundaberg

Cooktown

Bowen

Cape York

Wet Tropics

Burdekin

Fitzroy

Burnet–Mary

Mackay–
Whitsunday

Tully
River

Fitzroy River

Burdekin River

Mulgrave-Russell River

SDC190101-03a2

´0 300

Kilometres

Load estimates for both years

Pre-European

Developed

Developed

Pre-European load estimate

Current load estimate

!

!

!

!

!

!

!

!

QLD

Townsville

Mackay

Cairns

Rockhampton

Gladstone

Bundaberg

Cooktown

Bowen

Fitzroy

Burdekin

Cape York

Burnett–Mary

Wet Tropics

Mackay–
Whitsunday

Mulgrave-Russell River

Tully River

Fitzroy River

Burdekin River

2012–13 (wet year)

´0 300

Pre-European

Total suspended solids loading
(concentration mg/L)

High : 30

Low : 0

Great Barrier Reef Region and
World Heritage Area boundary

Indicative reef

Great Barrier Reef
Catchment boundary
Natural Resource Management
region boundary - extended to
outer Great Barrier Reef Region
and World Heritage Area boundary

River

Figure 3.4 Modelled total suspended solids catchment loads, 2012–13 and 2015–16
Modelled distribution of total suspended solids in end-of-catchment loads, based on annual average pre-European (left) and current (right) 
years, highlighting the difference between a wet year (2012–13 top) and a dry year (2015–16 bottom). The graphs show the modelled annual 
average loads for each period for the six natural resource management region. The blue bars are pre-development and red bars are current. 
Source: Based on the Marine Monitoring Program, compiled by James Cook University (Gruber et al. 2019155)
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Most sediments delivered from flood plumes settle relatively close to river mouths (within 50 metres).470,471 However, 
fine sediment (smaller than 16 micrometres) is more likely to be carried in suspension and reach the inshore 
and mid-shelf areas of the Reef.467,472 Fine sediment can be resuspended by wind and strong tidal currents in 
shallow waters, and may persist in the water column for at least six to eight months following river input, with the 
potential to be transported large distances, including to the outer shelf.43,153,158,467,473,474 Delivery and resuspension 
of new sediments and resuspension of historic sediments can combine to affect water quality condition all year 
round.467,471,475 Sediment exposure can result in the degradation of coral reefs, seagrass meadows and freshwater 
wetlands, as well as affecting filter feeders and fish.43,153,473,476,477,478 Specifically, sediment exposure can lead to 
physical disturbance, burying of organisms and increased susceptibility to disease.43

Wet season river influence from 2013–14 to 2017–18 rarely extended seaward of inshore waters.155 Therefore, 
impacts to mid-shelf and offshore ecosystems from land-derived sediment exposure during this period were low.43,469 
However, sediment exposure was still significantly higher than pre-European settlement levels, despite low rainfall in 
the last five years. Across the Region, the relative influence of sediments sourced from river discharge compared to 
resuspension of sediments pre-existing in the ecosystem remains poorly understood.469 There have been substantial 
changes in sediment exposure since European settlement and these changes are significantly affecting inshore coral 
and seagrass habitats. Overall, the process of sediment exposure has deteriorated in the Region.

3.2.5 Sea level
Sea level in the Region reached its current level about 6500 years ago.85 Although tides and weather patterns cause 
local temporal and spatial sea level variation, global sea level is primarily driven by two main processes: thermal 

expansion (an increase in the volume of sea water as it warms) and increased melting of 
land-based ice.479,480 Fluctuations in sea level have played a major role in the evolution of 
the modern Reef by influencing light availability (a function of water depth), which is the 
primary driver of photosynthesis and enhanced calcification.481 Sea level also affects the 
distribution and functioning of tidal habitats, such as mangroves and low-lying freshwater 
habitats, due to its strong influence on salinity levels.482 

By 2018, global sea level was 82 millimetres above the 1993 average, the highest 
annual average since systematic monitoring began at a global scale.452 There is a lag in 

the response of sea-level rise to global warming.483,484 Thus global sea-level rise is accelerating as the ocean north 
continues to warm.485 Australian sea levels are rising, with the greatest increases being recorded in the northwest, 
north and southeast (Figure 3.5).486 Since 1993, the average rate of sea-level rise in the Region was between five and 
seven millimetres per year486, well above the global average of 3.3 millimetres per year.480 Limiting future temperature 

increases will slow the rate of sea-level rise and provide 
more options for species and coastal communities to 
adapt.487

Sea-level rise may reduce coastal protection through 
the loss of areas of key habitats, such as coral reefs. 
Although current sea-level rise poses little risk to the 
Region’s coral reefs, future projected sea-level rise 
may exceed coral reef growth capacity.488 Increased 
salinity from sea-level rise may lead to changes in the 
species composition of wetland communities and their 
ecosystem functions.489 While some ecosystems (for 
example, mangrove forests and seagrass meadows) 
may be able to move shoreward as sea levels 
increase, coastal development often curtails these 
opportunities.490 Small islands and cays are at risk 
of inundation and erosion from sea-level rise491,492,493, 
directly threatening marine turtles, crocodiles 
and birds relying on those islands for nesting and 
roosting.494,495,496,497 Reef tourism and recreational use of 
low-lying areas will also be affected given sea-level rise 
will continue long after emissions of greenhouse gases 
have stopped.498

Sea-level rise is continuous and small increases  
have occurred since 2014. Although this process is 
slowly deteriorating, impacts on the Region have not  
yet been detected. 

Sea-level rise in the Region 
is increasing faster than the 
global average

Figure 3.5 Sea level trend annual increase, 1993–2017
Linear trends from January 1993 to December 2017 for the Australian 
region from the satellite-altimeter data (contours), overlaid with estimates 
from the tide gauges (coloured dots). Both datasets show the largest 
sea-level rises occurring in the north and north-west and the lowest rises 
occurring along the east coast of Australia between latitude 20° south 
(Bowen) and 35° south (Nora). 
Source: White et al. 2014486 and CSIRO 2018452
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3.2.6 Sea temperature
The temperature of the surface layers of the ocean is affected by both regional and global-scale processes. On a 
regional scale, sea temperature is influenced by seasonal variations in solar energy, cloud cover, currents, surface 
winds and the tidal regime. Globally, large-scale climate drivers include the El Niño–Southern Oscillation and 
anthropogenic heating. The world’s oceans also play a major role in climate by absorbing surplus heat and energy.499 
Oceans have absorbed more than 90 per cent of the extra heat trapped by increased greenhouse gases since the 
1970s.500 As a result, the ocean is warming at an unprecedented rate.501,502,503 

Sea temperature influences the distribution, survival, reproduction, growth, physiology and productivity of marine 
organisms.377,504,505 Most marine animals are ectotherms, unable to heat and cool their body. Therefore, sea 
temperature determines their body temperature, and any changes can alter their 
distribution, metabolism, respiration and behaviour.504,505 Temperature also affects 
marine organisms by altering other water properties; higher sea temperatures limit the 
concentration of dissolved oxygen available for respiration506 and increase the solubility 
and toxicity of some heavy metals.507 Temperature is also important in regulating the 
rate of coral calcification508,509 and the productivity of seagrasses and mangroves.510 
Therefore, extremes in sea surface temperatures can reduce fitness and cause mass 
mortality of sensitive organisms.91,99,141

Corals are particularly sensitive to small changes in temperature because of their narrow 
thermal tolerance range (Section 2.4.4).511 Thermal stress of just one degree Celsius above the long-term summer 
maximum temperature for a few weeks can cause reef-building corals to eject the algae that live in their tissue, a 
process known as coral bleaching. 

Above-average annual sea surface temperatures have been observed for the Reef every year since 2012, and 
present day temperatures of Reef waters are approximately 0.8 degrees Celsius warmer than when records began 
(Figure 3.6). The Region’s sea temperatures were the warmest on record in 2016 (1.03 degrees Celsius above the 
1961–1990 average, Figure 3.6), part of a long-lasting marine heatwave512 that resulted in a severe mass bleaching 
event.90 When unusually warm summer sea temperatures occurred again in 2017, a second mass bleaching event 
affected the Region. This was the first back-to-back bleaching event ever recorded on the Reef, and it caused 
widespread mortality of shallow-water corals (Section 2.3.5).141 

There have been ongoing, substantial increases in sea temperature across most of the Region due to climate 
change, indicating deterioration of sea temperature processes since 2014. 

Record high sea temperatures 
have occurred in the past four 
years with widespread, severe 
impacts on species  
and habitats

Figure 3.6 Sea surface temperature anomalies for Great Barrier Reef waters, 1900–2018
Above-average annual sea surface temperatures have been observed for the Region every year between 2012 and the present, 
and have been persistently high for the past two decades. Anomalies are the departures from the 1961–1990 standard 
averaging period. Black line indicates a five year running average. Source: Australian Bureau of Meteorology 2019513
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3.2.7 Light
Light availability in the marine environment is variable and governed by a combination of suspended sediment, cloud 
cover and the optical properties of water, which bends and absorbs light waves. The rate at which light decreases in 
the water column is determined by water depth and turbidity, which is a measure of the degree to which the water 
loses its transparency due to the presence of suspended particles.514 In clear water, such as the open ocean, light 

may penetrate down to 200 metres. However, inshore waters typically contain particles 
that scatter light and affect its transmission. These particles can originate from naturally 
occurring sediments or as a result of direct or indirect human activities (Section 3.2.4). 

Light is an important determinant of the distribution, growth, depth range and 
productivity of organisms reliant upon photosynthesis, including seagrasses, 
phytoplankton and corals.70,200,515 Water quality affects light reaching seagrass meadows, 
and light in turn controls the productivity, abundance and distribution of seagrasses.516,517 

Reduced light, coupled with recent warmer sea temperatures, has probably hampered seagrass recovery.74 For 
visual predators, light influences prey visibility and affects the energy needed to search and acquire food.518 Exposure 
to light plays a key role in coral ecology, affecting settlement519,520, direction of growth521, competition with other 
organisms522, calcification rates515, and susceptibility to thermal stress and disease.523,524,525 Light also affects the 
dispersal, settlement, feeding and mating patterns of fish and invertebrates.526 

Light availability within the Region is affected by seasonal rainfall, weather and activities that resuspend sediments 
(currents, winds, tides, land-based run-off, anchoring and dredging). Turbidity of inshore waters in the Region,  
which has been measured since 2007527, has shown a general increase over the past decade, resulting in an overall 
deterioration of the process of light availability (Sections 3.2.4 and 6.5)460 and an overall deterioration of this process 
of light availability. 

Light availability in the  
inshore areas has decreased 
over the past decade

Light penetrating the surface waters above a shallow reef. © Matt Curnock
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3.3 Current condition and trends of chemical processes

Three chemical processes are graded. Ocean pH and ocean salinity remain in good condition 
and nutrient cycling continues to be graded as poor. 

Full assessment summary: see Section 3.7.2

n

3.3.1 Nutrient cycling
Nutrients are essential for the growth and survival of organisms. Nutrient cycling is one of the most important 
ecosystem processes, transferring nutrients from the physical environment through uptake by organisms, passing 
them through food chains, and returning them to the physical environment when organisms decay or die. Nitrogen, 
phosphorus and carbon are the main nutrient cycles in the marine environment.528,529 Marine microbes (Section 
2.4.6) play an important role in the ocean’s nutrient cycle by decomposing organic matter.530,531 This ongoing cycling 
of nutrients by microorganisms is critical for sustaining productivity in the marine 
environment.532 Within the Region, the nutrient cycle is critical for the persistence of 
most organisms, particularly corals.533 Concentrations of nutrients, such as nitrogen and 
phosphorus are naturally low in the open ocean.

The anthropogenic load of dissolved inorganic nitrogen discharged from the Catchment 
since 2012 has been generally lower than the previous five years.155 While small 
improvements in land management practices to reduce dissolved inorganic nitrogen 
inputs have been reported43,463, the observed reduction in loads over this period can 
mostly be attributed to reduced flow 460,469 (Section 6.5).

Nutrient loads in the Region have noticeably increased since European settlement in the adjacent Catchment 
(Figure 3.7). Modelling of land-derived dissolved inorganic nitrogen indicates that the highest exposure levels are 
concentrated in inshore areas, with higher contributions from the Wet Tropics region in both wet and dry years 
compared with other NRM regions (Figure 3.7). The influence of land-based dissolved inorganic nitrogen extends to 
mid-shelf areas from the Catchment in wetter years, such as 2012–13 (Figure 3.7). The Fitzroy and Burnett–Mary 
regions are not monitored frequently enough to assess trends.460,469 

The multi-year trends of concentration of dissolved inorganic nitrogen vary across the Region.155 Dissolved  
organic carbon increased sharply in all monitored regions since monitoring began in 2005.460,469 Dissolved organic 
carbon drives microbial growth and promotes a higher incidence of coral diseases.534 High concentrations of 
dissolved inorganic and organic carbon may lead, in the longer term, to reduced growth of reefs, loss of substrate 
and reef erosion.535

Land-derived nutrient inputs to the Region largely occur during the wet season536, with most dissolved nutrients being 
rapidly taken up biologically or bound chemically onto particles in the ocean. Excess dissolved inorganic nitrogen 
poses the greatest risk to the Region because it is readily taken up by phytoplankton and microalgae, causing an 
imbalance in the system.43,537 In years of large river flow, these nutrients can be transported large distances.43,458,537 

The increase in nutrient loads during flood events can exacerbate the spread and persistence of crown-of-thorns 
starfish larvae, which feed on phytoplankton that thrive on dissolved nutrients (Section 3.6.2).193,538 Higher nutrient 
levels also increase the susceptibility of corals to disease and thermal stress539,540, affect coral reproduction514, reduce 
light for seagrass and corals184,514, and promote fleshy macroalgal growth in some areas.43,461,541 Although considered 
stable, there have been substantial changes to nutrient cycling occurring since European settlement, affecting inshore 
ecosystems, especially seagrasses and corals.

Most southern inshore 
areas of the Region are 
exposed to elevated nutrient 
concentrations, particularly 
during the wet season 

Algae overgrowing a branching coral. © GBRMPA 2016, photographer: Jessica Stella
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Figure 3.7 Modelled dissolved inorganic nitrogen catchment loads, 2012–13 and 2015–16
Modelled distribution of dissolved inorganic nitrogen end-of-catchment loads, based on annual average pre-European (left) and current (right) 
years, highlighting the difference between a wet year (2012–13 top) and a dry year (2015–16 bottom). The graphs show the modelled annual 
average loads for each period for the six natural resource management regions. The blue bars are pre-development and red bars are current. 
Source: Based on the Marine Monitoring Program, complied by James Cook University (Gruber et al. 2019155)
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3.3.2 Ocean pH
Ocean acidification is often expressed in terms of the pH of seawater. It is measured on a scale from zero to 14, with 
values below seven considered acidic and values above seven considered basic. The baseline pH of the oceans 
is a slightly basic 8.2.542,543 The largest driver of increased acidity of seawater is emissions of carbon dioxide into 
the atmosphere, causing increased dissolved carbon dioxide in the ocean. Although carbon dioxide is a major 
component of the carbon cycle, the proportion of carbon dioxide in the atmosphere is increasing as a result of human 
activities, predominantly burning of fossil fuels.544,545 

The ocean has already absorbed approximately 30 per cent of the atmospheric carbon 
dioxide that has originated from human activities, lowering the pH by approximately 0.1 
pH unit.545 This uptake reduces the seawater concentration of carbonate ions, which 
are required by most organisms that build shells, including corals and shellfish.546 The 
potential and actual effects of ocean acidification on marine organisms has become 
better understood in the past 15 years.547 Experimental studies have identified impacts, 
including altered survival, calcification, growth, development and abundance of a broad 
range of reef organisms548, including fish549, phytoplankton550,551, marine plants552,553,554, 
corals555, microbes254 and other reef invertebrates.556,557 Crustose coralline algae, which 
provide important surfaces for coral settlement, appear to be particularly sensitive to increases in ocean acidity202,558; 
hence, coral recruitment rates could be adversely affected as the ocean acidifies.559,560,561

Perhaps the largest risk from ocean acidification is a change in the net rate of calcium carbonate accretion (the 
deposition of calcium carbonate by calcifying organisms). For reefs to grow, net accretion must be higher than net 
dissolution. Reduced calcification can result in coral skeletons being more brittle and at greater risk of breakage from 
strong waves.562 Changes to ocean pH are having, and are likely to continue to have, fundamental and substantial 
impacts on a wide variety of organisms.487

Current ocean pH varies within the Region, exhibiting a cross-shelf gradient. On mid and outer-shelf reefs, the partial 
pressure of carbon dioxide has risen at the same rate as atmospheric values over 30 years. By contrast, values on 
inshore reefs have increased up to three times faster, due to higher respiration and nutrient levels.162 Given the small 
but continuous decreases in ocean pH, the ocean pH process has deteriorated since 2014.

3.3.3 Ocean salinity
Salinity refers to the concentration of salt in a given volume of water, often expressed as 
parts per thousand. The average salinity of the ocean is 35 parts per thousand (every 
kilogram of seawater contains 35 grams of salt). Salinity levels can change drastically 
over the course of a day as a result of rainfall, river flows, evaporation and water 
movement due to wind, currents and tidal mixing.563,564 Because seawater is denser 
than fresh water, salinity can change rapidly with depth during flood events, with low-
salinity plumes predominantly remaining on or near the surface while salt water remains deeper.565 Salinity fluctuates 
following high-rainfall events or prolonged drought. 

Salinity within the Region has remained at 35 parts per thousand.460,566 Reefs closest to the coast, such as those off 
Cape York and the Wet Tropics, are subject to more regular low-salinity inflows.565

Low salinity associated with floodwaters can cause extensive mortality of a range of Reef species, including corals, 
crustaceans, molluscs, sponges, fishes and seagrasses.458,567,568 Low salinity can also have sub-lethal effects on 
Reef organisms, such as reduced coral growth rates569 and reduced seagrass flowering in response to physiological 
stress.567 Combined pressures from lower salinity and higher water temperatures can also have a significant effect on 
organisms. For example, blooms of dinoflagelates (plankton) can be triggered, leading to increased frequencies of 
ciguatera fish poisoning.570 Changes in salinity have largely been a result of freshwater inflow, affecting the condition 
of inshore areas. Overall, the ocean salinity process is considered stable across most of the Region.

The ongoing decrease in 
ocean pH will reduce 
calcification, making coral 
reefs more vulnerable to 
intensifying storms

Overall, salinity remains stable
across most of the Region
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3.4 Current condition and trends of ecological processes
Ten ecological processes are graded. Primary production remains in very good condition, and 
five processes (microbial processes, particle feeding, herbivory, competition and connectivity) 
remain in good condition. Predation and recruitment continue to be graded as poor, whereas 
symbiosis and reef building have deteriorated to a poor grade.

Full assessment summary: see Section 3.7.3

i

3.4.1 Microbial processes
Microbes play a significant role in cycling carbon and nitrogen, largely through the decomposition of organic 
matter571, and are important vectors of disease. Microbial processes are critical for regulating the composition of the 
atmosphere, influencing the climate, recycling nutrients and decomposing pollutants.572 Despite their importance, 
most microbial processes remain poorly understood, particularly in the marine environment.573 

Microbial processes are often the unseen driver in ecosystem processes.574,575 As the basis of the marine food chain, 
microbes convert dissolved nutrients into plankton biomass259, which supports the marine food web. Microbial 
communities can influence the health of other organisms through important symbiotic relationships. For example, 
beneficial microbes that cycle nitrogen may be central to the stability of the coral–algae symbiosis by influencing 

the growth and density of the algae symbiont zooxanthellae.533,576 Harmful microbes 
(pathogens) can affect the health of corals, sponges, seagrasses and other organisms, 
causing disease and mortality.576,577 Over-abundance of harmful microbes in the 
ecosystem has been linked to stressors, such as overfishing, exposure to elevated 
nutrient concentrations and increased temperatures.573,578,579 Pathogenic microbes 
carried by plastic pollution can promote disease when in contact with coral.580

Information on the status of most microbial processes in the Region, one of the main 
drivers underpinning ecosystem function, is limited and represents a large knowledge 

gap. Diseases were observed in coral trout and corals in areas of the Region affected by temperature extremes 
in 2016 and 2017 (Section 3.6.1). However, the impact of this across the entire Region has not been quantified. 
Increases in fleshy macoalgae can occur during times of elevated nutrient concentrations (Section 2.4.3), due to an 
over-abundance of bacterial communities that thrive in high nutrient environments.581 Seagrass meadows reduce 
the relative abundance of disease-causing bacteria (by up to 50 per cent), indicating seagrass ecosystems may play 
an important role in regulating harmful microbial processes in the Region.58 Although some spikes in disease have 
occurred for some species, no clear trend is apparent for the Region’s microbial processes.

3.4.2 Particle feeding
Particle feeders encompass a broad group of animals, including filter, suspension and deposit feeders that consume 
particulate matter. These animals include sea cucumbers, feather stars, fishes, corals, molluscs, sponges and worms. 
Particle feeding supports the ecosystem’s nutrient cycle (Section 3.3.1), cleans large quantities of water and sediment 

by filtering out particles, bacteria, algae and zooplankton, and links the benthic and 
pelagic environments.582,583,584 Particle feeders can exert a considerable influence on the 
ecosystem. For example, giant clams (Tridacna gigas) can filter large volumes of water, 
reducing the amount of nutrients in the water column.585,586 

Although extensive information is available on trends in the abundance of corals, it is 
difficult to quantify the current condition and trend of this process as a whole, given information on other particle 
feeders (such as sponges and echinoderms) is limited. 

Suspended sediments and nutrients in the water column can harm particle feeders, such as sponges, by clogging 
the filtration apparatus and hindering feeding. Since 2014, inshore areas in the Region have continued to experience 
repeated and elevated levels of nutrients155; therefore, it is likely that particle feeding in these areas has declined. 
In addition, following bleaching events in 2016 and 2017, filter feeding corals have decreased in abundance to the 
lowest levels ever recorded.88 It is likely that particle-feeding fish273, which rely heavily on coral habitats for shelter, 
have also decreased since 2016. However, coral reef sponges, which are more resilient to environmental stressors 
than corals587, are assumed to be less affected by recent impacts.

Overall, there have been some significant changes in particle feeding in some areas as a result of high nutrient 
levels and thermal stress events in 2016 and 2017. As a result, the condition of particle feeding as a process 
has deteriorated.

Although critically important to 
ecosystem health, the status 
of most microbial processes 
remains poorly understood

The process of particle feeding 
is likely to have deteriorated
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3.4.3 Primary production
Primary production and photosynthesis are closely linked to the availability of light and concentrations of 
available inorganic nutrients and generally occur in the upper water column at depths of less than 100 metres. 
Nitrogen and phosphorus sources play a significant role in determining the rate of primary production.588,589,590 
Land-based run-off, inflow from the Coral Sea, upwelling and resuspension all support productivity within 
phytoplankton communities.424,591 

In the Region, primary producers include phytoplankton, mangroves, seagrasses, benthic algae and symbiotic algae 
in the tissues of Reef organisms, especially corals. In lieu of direct measurements of primary production, a higher 
abundance of primary producers can be used as a proxy to indicate overall condition. Chlorophyll-a is often used 
as a proxy for estimating phytoplankton biomass.592 Frequent phytoplankton blooms and associated higher primary 
production occurs during the wet season when more nutrients are available.593 Primary production is higher in inshore 
areas (except Cape York) due to year-round elevated nutrient loads.155 The extent and condition of seagrasses 
have generally increased since 2014, which may have enhanced their primary production in the Region, although 
abundance has declined slightly since 2015–16 (Section 2.4.2).74 Mangroves have remained relatively stable within 
the Region (Section 2.4.1) and benthic algae have generally increased in abundance at disturbed sites (Section 
2.4.)193,594, potentially increasing primary production in these areas. Following the bleaching events in 2016 and 
2017, it can be assumed that primary production from coral–algae symbioses has reduced as a result of coral mass 
mortality, particularly in the northern two thirds of the Region. Overall, the condition of primary production is variable, 
with no consistent trend.

3.4.4 Herbivory
Herbivory is the removal and consumption of plant matter, which provides nutrition 
for the consumer and shapes the location and health of the plant matter.595 Herbivory 
includes removal of plant matter by large herbivores (such as green turtles and dugongs) 
and cropping, grazing and excavation of algae, which is performed predominantly by 
herbivorous fish (over 178 species)596 and to a lesser extent by molluscs, echinoderms 
and crustaceans. 

The process of herbivory supports nutrient cycling and can facilitate dispersal of seagrass species65 (Section 8.3.6). 
Following disturbance, herbivory plays an important role in reef recovery.597 However, coral replenishment and 
herbivory can be overcome when macroalgae get too dense and form underwater forests419,598 (Section 2.4.4). 
Herbivores can be deterred from entering and feeding on algal forests due to fear of predation598, resulting in less 
herbivory and further expansion of a macroalgal-dominated state.599

Having a number of herbivorous species that can fulfil a range of ecological roles provides a level of ‘insurance’ for 
the ecosystem, and can increase recovery capacity following disturbance (Figure 3.8). Benthic turf algae are usually 
the first species to establish or regrow after a disturbance, and there is a diverse group of herbivores (both fish and 
invertebrates) that feed on this type of algae. Grazing fish differ in their feeding behaviour (for example, in their ability 
to remove algae from specific key microhabitats across the Reef).600 By contrast, few fish species can effectively 
remove larger fleshy macroalgae. In the northern Reef, large fleshy macroalgae are removed by one key species, the 
unicorn fish, which is responsible for approximately 90 per cent of macroalgal removal.418 

Herbivorous fish and  
green turtles avoid sediment-
laden turf algae

Figure 3.8 Herbivore functional redundancy 
Reefs with high functional redundancy (top) have a higher number of animals that perform important functions, such as algal 
removal, which helps reefs recover faster following disturbance. Reefs with low functional redundancy (bottom) have less 
capacity to respond to, and recovery from, disturbances. Source: Adapted from Nash et al. 2016601
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Fish herbivore abundance is generally higher on offshore and mid-shelf locations, with reef exposure (to wave 
energy and other factors) greatly affecting food availability and fish size.602 The process of herbivory is not regularly 
monitored across the Region and remains a knowledge gap. However, the presence of herbivores can provide some 
indication of potential herbivory rates. Long-term monitoring of herbivorous parrotfish and surgeonfish (Section 
2.4.7) indicate that abundances across the Region have generally remained stable, with some variability cross-shelf 
(Section 2.4.7, Figure 2.12). Offshore locations have the greatest variability since 2016–17, with parrotfish increasing 
five-fold offshore Cairns and surgeonfish decreasing by half offshore Townsville. Elsewhere, on inshore and mid-shelf 
locations, parrotfish and surgeonfish abundance has generally remained stable since 2009, with the exception of 
the Pompey Complex reefs, where parrotfish declined by half between 2009 and 2014.282 At two southern locations, 
where 2018–19 surveys were completed, parrotfish and surgeonfish declined in abundance around the Swain Reefs. 
Whereas on offshore reefs around the Capricorn Bunker group, parrotfish abundance increased by approximately 40 
per cent.282

On a smaller scale within reefs, many factors (including sediment load and particle size) combine to influence the 
location of herbivory. For example, some parrotfish avoid feeding on algal surfaces coated with poor-quality coarse 
sediments.603 Following cyclone Yasi in 2011, large increases in sediment loads around Orpheus Island led to a 
dramatic decrease in grazing by herbivorous fish (92 per cent reduction in feeding by rabbitfish).281 Green turtles were 
also deterred from feeding on sediment-laden turf algae.604 

The condition of herbivory as a process across the Region and the mechanisms that affect it are not well understood. 
There is some variability in herbivory across the Region, but not to the extent of significantly affecting ecosystem 
function, and overall the condition of this process has remained stable. 

3.4.5 Predation
Predation (the process of animals consuming other animals) influences the distribution, abundance, behaviour, 
fitness and evolution of prey species.269,285,605,606 For example, predator abundance can alter prey behaviours, such as 
wariness and shelter seeking. In turn, predator presence affects prey species’ distributions at small scales, leading to 
changes in other processes (such as reduced rates of herbivory)607. 

Apex predators include large-bodied animals that generally have large home ranges608, such as large sharks, pelagic 
fishes (such as trevally and tuna), birds, and some marine mammals and reptiles. Smaller reef sharks are considered 
middle-order (meso) predators, as are other large predatory fishes (such as coral trout). Meso-predators generally 
have smaller home ranges than apex predators and feed on smaller prey.609,610 Predatory fishes have high cultural, 
social and economic value to recreational, commercial and Indigenous fishers (Section 5.4). They are generally 
equally spread across the inner, mid and outer-shelf reefs within the Region.611 

The abundance of reef sharks on the outer-shelf reefs varies, with significantly higher abundance and diversity 
occurring on deeper reef slope habitats.612 The 2009 and 2014 Outlook Reports noted reef shark and coral trout 
abundances were depleted by fishing2,613; recent research suggests it may take 20–40 years of effective no-entry 
protection to restore shark population numbers.297 Analysis of the trend in sharks caught in the shark control program 
since the 1960s indicates a regional depletion of sharks, particularly large mature individuals.298,614 Sharks and rays 
are still considered to be in poor condition overall (Section 2.4.8) due to overfishing, bycatch and poaching.

Trends in long-term abundance of reef-associated predators are variable, with some increases in coral trout occurring 
in mid-shelf and offshore reefs in the Swain Reefs since 2012.611 Whereas other meso-predators (labrids and 
lethrinids) declined.611 Offshore Townsville (around Magnetic Island and the Palm islands), the population density of 
coral trout halved between 2007 and 2012615; and although gradual increases have occurred since then, they have 
not yet returned to the higher densities recorded prior to 2007.615

The key drivers and threats affecting predation include climate change, habitat loss and fishing.361,611,616,617 All of these 
drivers are increasing. Predation is likely to decrease further in the Region as a result of both bottom-up effects (such 
as decreases in availability of habitat and prey for seabirds) and top-down effects (such as fishing) (Section 8.3.4). A 
growing body of research demonstrates that well-managed no-take zones effectively protect predatory fishes and 
sharks over small and large scales.618,619,620 These trends may change if habitat structure declines, particularly for coral 
trout, which are dependent on habitat complexity (Section 8.3.4).210,621,622

The overall level of change in the process of predation since 2014 is not clear. While recovery is occurring for some 
predators in some locations, concerns remain for others. 
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3.4.6 Symbiosis 
Symbiosis is a close ecological relationship between at least two different species. This 
relationship can be beneficial to all participants (mutualism), beneficial to one participant 
and harmless to the other (commensalism), harmful to one participant while not 
benefiting the other (amensalism) and beneficial to one and harmful to the other (mainly 
parasitism). Symbioses develop over long evolutionary timeframes, maintained by natural 
selection, and have been a major driver in the formation of new species.623,624 Many 
symbionts are keystone species; these are usually inconspicuous, smaller organisms 
that have a disproportionately significant impact on the greater biodiversity of the ecosystem.625 Symbioses usually, 
but not always, involve strong interdependencies.626 They enable species to obtain resources that would otherwise be 
unobtainable and are, therefore, a critical ecological process.

Within the Region, the coral–zooxanthellae and clownfish–anemone relationships are perhaps the best known 
examples of symbioses. Other important symbiotic relationships include coral guard crabs (Trapezia species) that 
live within Pocillopora corals and clean627 and defend their coral hosts.628,629,630 An estimated 40 per cent of known 

species are parasitic symbionts631,632, and approximately 75 per cent 
of the links in food webs involve a parasitic species.633 The loss of any 
one of these symbiotic interactions may have unforeseen and serious 
consequences for ecosystem function.

Symbioses are particularly susceptible to disturbances, since a direct 
impact on one symbiont will affect the other.83,634 Environmental 
changes, such as thermal stress due to climate change, have the 
potential to alter the nature of symbioses (for example, changing 
a mutualistic relationship to a parasitic635 or competitive one636). 
Bleaching of a symbiont’s host, such as coral and anemones, has 
negative effects on the fitness and survival of the symbiotic animals 
that rely on them, such as coral crabs243,636 and anemonefish.637,638 
Due to the strong inter-dependencies common between symbiotic 
partners, symbiont abundance and distribution can be used as a 
proxy for the condition and trend of symbiosis in the Region. 

Based on the unprecedented decline of hard coral cover and 
changes in coral community composition following mass bleaching in 
2016 and 201791, it is highly likely that symbioses involving coral have 
significantly deteriorated.243,637 Anemones were also susceptible to 
severe bleaching (Figure 3.9) and mortality, resulting in a subsequent 

loss of anemonefish.243,637 Observations of severe bleaching in other habitat-forming species, such as giant clams, 
probably resulted in a decline of symbiotic species. The recent decline of fish diversity and reduction in abundance 
of some species273 will also affect associated symbioses. As a result, the condition of this process has deteriorated 
since 2014. 

3.4.7 Recruitment 
Recruitment is a process by which new individuals are added to an existing population. 
Successful recruitment relies on sufficient individuals surviving through various life history 
stages to become part of the reproductive population.639,640 The process of recruitment 
is one of the key ways in which depleted populations are replenished (Figure 3.10).641 
New recruits can either be sourced locally (self-seeding within the same reef) or from afar 
(larvae carried by currents). Generally, self-seeding populations (such as brooding corals) 
have relatively low connectivity, while populations that disperse over greater distances (such as spawning corals) have 
relatively high connectivity (Section 3.4.10).642

The condition of recruitment across the Region is only well known for some species. The natural replacement of 
corals after a disturbance relies on successful recruitment of new individuals. Since 2014, inshore juvenile coral 
densities (an indicator of recruitment and subsequent survival) have generally declined in the Wet Tropics, Burdekin 
and Mackay–Whitsunday regions.440 The density of juvenile corals remains low in the Fitzroy region due to prevalence 
of macroalgae suppressing recruitment and a decline in settlement of coral larvae.193

In 2018, coral larval recruitment, averaged across the Region, declined by 89 per cent compared with historical levels 
(Figure 3.11).96 The loss of adult coral brood stock after the mass bleaching events was the dominant driver of this 
widespread and unprecedented decline in recruitment (Section 8.3.1).96 The southern region, which escaped severe 
bleaching in 2016 and 201788,141, had higher recruitment in 2018 compared with historical levels.96

The high occurrence of 
symbiotic relationships in the 
Region is one of the biggest 
drivers of biodiversity 

Figure 3.9 Clownfish in a bleached anemone 
The clownfish (Amphiprion percula) nestled within 
a bleached host anemone during the 2016 marine 
heatwave on the Great Barrier Reef. 
© GBRMPA 2016, photographer: Jessica Stella

Recruitment has declined 
sharply to the lowest levels 
recorded for many key species
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Figure 3.10 Recruitment can be complex, relying on many different habitats and processes
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Figure 3.11 Coral recruitment along the 2300 km length of the Reef before and after consecutive mass bleaching 
events in 2016 and 2017
Left: Average density of recruits (mean number of settled coral larvae per sampling panel on each reef), measured over three 
decades, from 1996 to 2016 (sample size of 47 reefs, 1784 panels). 
Right: Density of recruits after mass mortality of corals in 2016 and 2017 due to back-to-back bleaching events (sample size of 
17 reefs, 977 panels). Yellow and blue indicate the proportion of spawning and brooding coral species, respectively. The size of 
each circle represents the overall recruit density for spawners and brooders combined. Source: Hughes et al. 201996
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Effective no-take and no-entry zones have been shown to produce and export recruits of commercially important 
fish species (Section 7.3.3 Box 11).619,643 Most coral reef fish larvae spend days to weeks in the open ocean before 
settling on coral reefs.644 Given the strong swimming abilities of larval reef fish645 and ocean currents, dispersal of 
reef fishes within the Region can be large. Some reefs can be a source of larvae for other reefs up to 250 kilometres 
away.619,646 Alternatively, on some geographically isolated reefs, populations generally rely on self-recruitment.619,643 

Across the Region there is no long-term monitoring of reef fish recruitment. It is likely that the recent mass mortality 
of corals in 2016 and 2017 will have reduced the recruitment of fishes that rely on coral as a settlement habitat.270,440 
These temperature extremes may have also reduced the reproductive capability of some adult fish.504

Recruitment has decreased for green turtles at Raine Island647 (Section 2.4.10) and for loggerhead turtles on the 
Woongarra coast648 (Section 8.3.5). Feminisation of turtle populations due to global warming is occurring at several 
northern Reef rookeries (for example, Raine Island and Moulter Cay), which will reduce male recruitment into the 
Region.319 Ingestion of marine debris by post-hatchling turtles and pest predation of eggs and hatchlings at nesting 
areas649,650 may also reduce marine turtle recruitment.

Breeding populations of six seabird species are declining within the Region359 (Section 2.4.12). The declines may be 
attributed to inadequate food supplies due to warming sea surface temperatures.361 Declining breeding populations 
directly affect recruitment and the success of future populations. 

Substantial changes in recruitment have occurred, significantly affecting a number of species, and overall the 
condition of the process of recruitment has deteriorated since 2014.

3.4.8 Reef building
Reef building, or the growth of coral reefs, occurs when net accretion of calcium 
carbonate by calcifying organisms exceeds net erosion.85,651 Hard coral growth is 
the primary driver of reef building, contributing up to 75 per cent of the total calcium 
carbonate.652 Other calcifiers, such as Halimeda, foraminifera and crustose coralline 
algae, also contribute a significant amount of carbonate sediments to inter-reefal areas 
and reef-building ‘cement’, consolidating the reef framework.31,653,654 For example, 
the northern Halimeda banks (Section 2.3.8) are estimated to contain up to four 
times the calcium carbonate of adjacent coral reefs653, contributing significantly to the overall carbon budget of the 
Reef.655 Rates of calcification are influenced by many factors, such as the abundance of calcifying organisms, light 
availability515, sea temperature508,656 and the concentration of carbonate ion in seawater.657,658

Reefs can erode in three ways: mechanical erosion due to waves and currents; bioerosion caused by reef animals, 
such as boring worms, sponges, crustaceans584,659,660 and fishes, (for example, the bumphead parrotfish 661); and 
dissolution caused by ocean acidification.562,662 For reef building to remain stable, calcification rates must be greater 
than the rate of erosion.656 Within coral reef habitats, any reduction in either live coral tissue or colony growth rates 
can tip the scale to the side of erosion.91,163,545

The contribution of coral to the reef-building process is likely to be higher in the southern areas of the Region where 
coral cover is moderate.95 The unprecedented decline in coral in the northern two thirds of the Region since 2016 is 
likely to have affected its contribution to reef-building processes.90,91,141 Throughout the Reef, calcification declined 
by 14 per cent between 1990 and 2005.508 Increasing sea surface temperatures and ocean acidification have been 
implicated as the primary drivers contributing to this decline, with the trend expected to continue in the future.508,663 

The condition of reef building has deteriorated since 2014, largely due to the effects of unprecedented 
declines in coral cover. 

3.4.9 Competition
Competition is the interaction between organisms for the same resource and is one of many processes influencing 
community structure.428 When resources are scarce, competitive interactions can increase in frequency, duration and 
intensity. Since most tropical marine ecosystems have a limited number or abundance of resources, such as space, 
light, shelter and food, competition for resources can be intense. 

Competition for space is evident among many species within coral reef habitats. Of particular importance is the 
interaction between corals and macroalgae; the balance can be tipped from coral to algal dominance through higher 
nutrient levels, coral bleaching events, declining coral recruitment and overfishing of herbivorous species.664 

Reef building is under 
increasing threat from mass 
bleaching of corals and future 
ocean acidification
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Availability of suitable habitat and the density of competitors are the main factors mediating competitive interactions 
between fishes and invertebrates on the Reef.636,665,666 Loss of coral cover and habitat complexity can affect reef fish 
diversity and abundance.667,668 Changes in coral composition, as occurred after the two consecutive mass bleaching 
events in the Region91, have affected competition between juvenile coral reef fish by changing their behaviours and 
interactions.669 Although the understanding of competitive interactions has improved since 2014, knowledge gaps 
remain for this complex process.

Decreasing ocean pH could change the balance of coral macroalgae competition in favour of algae, possibly as a 
result of slower coral growth rates670 and changes in chemical competitive mechanisms of corals.671,672 Large reef fish 
compete for shelter under suitable plating corals.210,621 However, the significant loss of habitat-forming corals (Section 
2.3.5) increases competition for shelter. This may subsequently affect fish fitness and the ecological functions they 
perform.622 Changes in environmental variables, such as thermal stress, also increase and alter the frequency or 
nature of competitive interactions504,636,673 (for example, increasing aggression between species636). 

Overall, changes in habitat availability, sea temperature and nutrient cycling have increased competition across the 
Region. The increase in competition is likely to be having a negative effect on species and habitats, and the process 
is therefore considered to have deteriorated in condition since 2014.

3.4.10 Connectivity
Connectivity encompasses linkages between different habitats and the movement of species between landscapes 
and seascapes. It includes processes such as larval dispersal, migration, current flows, and those that connect 
coastal ecosystems to the Reef. For marine habitats, the main connectivity mechanism is water currents that link 
habitats and transport larvae. Due to their isolation, islands are highly reliant on wind, water and migratory birds 
to transport plant seeds.674 Coastal ecosystems are also connected to the Region by the intertidal areas, river 
catchments, and groundwater, and they can influence the condition and resilience of the Reef (Section 3.5).675 

Connectivity operates on a variety of spatial and temporal scales and is fundamental in determining a species’ 
population dynamics and structure, genetic diversity, and resilience.676,677 Patterns of connectivity among reefs within 
the Region play a critical role in supporting fisheries production. For example, fish populations in no-take marine 
reserves supply 83 per cent of coral trout larvae and 55 per cent of stripey snapper larvae to areas open to fishing in 
the Keppel Island group.618

Animal migration patterns are an important component of population and ecosystem connectivity. Migrations can 
range from small (between reefs) to long-range movements of hundreds or thousands of kilometres.678 Whale 
migration is recognised as one of the superlative natural phenomena that contribute to the Reef’s outstanding 
universal value. Several species of conservation concern (for example, humpback and dwarf minke whales), migrate 
through the Region from May to September for feeding and breeding, connecting the Region to feeding grounds in 
Antarctica. Nesting and foraging grounds of marine turtles connect the Region with the Arafura and Coral seas.679,680 
Seabirds and shorebirds also use the Region and adjacent Coral Sea as important stopover points to rest and feed 

as part of their larger migration.371,373,375 For example, wedge-tailed shearwater birds 
travel between 300 and 1100 kilometres from their breeding colony at Heron Island 
to feed in the Coral Sea.681 Emerging evidence indicates that coastal sharks migrate 
through coastal habitats and mid-shelf reefs of the Region.682

Barriers to connectivity can reduce water quality and biodiversity.43 Artificial barriers, 
such as dams, in the Catchment impede connections for fish and other aquatic fauna.683 
Many fish species use coastal wetlands as nurseries or breeding grounds, and habitat 

removal or alteration disrupts their life cycles.684,685,686 The movements of juvenile blacktip reef sharks from sheltered 
coastal habitats to offshore coral reefs when they reach maturity highlight the importance of connectivity patterns to 
species conservation in the Region.687 

Currents and wind can play major roles in connectivity, acting as transport highways for water, food and larvae 
(Section 3.2.1). Modelling has predicted that the recovery potential of seagrass meadows in the northern Region 
is greatly influenced by floating fragments, fruits and seeds from southern meadows, and that highly connected 
meadows, such as Cleveland Bay in Townsville, have higher resilience and assist the recovery of other meadows.80,688 
Modelling has also predicted a high level of connectivity of crown-of-thorns starfish across the Region, whereby some 
reefs could act as important sources and sinks for larval dispersal.423 The dominant pattern of connectivity for coral 
larvae is from north to south689, exemplified by the decline of coral recruitment in the northern and central regions 
in 2018.96 Currents are influenced by a range of factors, and can shift in response to changing thermal patterns 
(Section 3.2.1). Slight shifts in currents could have significant effects on the Region’s connectivity, increasing foraging 
distances for birds, changing dispersal of turtle hatchlings38 and reducing or enhancing larval flow in some areas.424 

Connectivity within the  
Region is crucial for recovery 
from disturbance
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Changes to connectivity patterns can drive a redistribution of species.690 Evidence indicates this is already 
occurring with poleward transitions of reef fishes to subtropical areas.691,692 Any changes to spatial and temporal 
connectivity patterns will have flow-on implications for species and the communities that rely on the Reef.693,694 
This could profoundly affect marine ecosystems by forging new connections that enable introduction of invasive 
species691,695,696,697 and disease.698

Connectivity with some coastal ecosystems remains disrupted and the effects of climate change have radically 
altered connectivity patterns of corals. Overall, connectivity of species and habitats within the Region has  
deteriorated since 2014. 

3.5 Current condition and trends in coastal ecosystems  
 that support the Great Barrier Reef
Seven coastal ecosystems are graded. Heath and shrublands remain in very good condition 
and two coastal ecosystems (saltmarshes and rainforests) remain in good condition. Four 
coastal ecosystems continue to be in poor condition.

Full assessment summary: see Section 3.7.4

n

Coastal ecosystems include those from the top of the Catchment (defined by the Great Dividing Range) to the marine 
inshore ecosystems within the Region, they are not restricted to waterways or the coastline. The coastal ecosystems 
referred to in this section are predominantly terrestrial and include: saltmarshes, freshwater wetlands, forested 
floodplains, heath and shrublands, grass and sedgelands, woodlands and forests, and rainforests (Section 2.1 Figure 
2.1).102,675

The condition of the Reef benefits from connections with healthy and functioning 
ecosystems in the Catchment.699 The functions coastal ecosystems provide to the 
Reef include physical processes (such as sediment and water distribution and cycling), 
biogeochemical processes (such as nutrient and chemical cycling), and biological 
processes (such as connectivity, habitat and food provisioning).43,102 For a coastal 
ecosystem to function normally, the interactions between these natural ecological 
processes, the physical environment and its organisms must be reasonably intact and working efficiently. 

Coastal ecosystems also provide ecological services. In the context of this section, ecological services include 
benefits to the values of the Reef.102 For example, intact coastal ecosystems can prevent major erosive processes 

(like gully erosion) and abundant ground cover may 
decrease sediment and nutrient loads entering the 
Region.467 Connectivity is an essential function of 
coastal ecosystems (Section 3.4.10). The connectivity 
between coastal ecosystems and the Reef is provided by 
ecosystems dominated by both remnant and regrowth 
(non-remnant or previously cleared) vegetation, as well 
as modified coastal ecosystems. Connectivity plays an 
important role in providing suitable feeding and breeding 
areas for many marine species.102 For example, it is 
known that at least 78 reef and estuarine fish species, 
including mangrove jack700, use freshwater systems for 
part of their life cycle.102 

In 2014, the assessment of condition of coastal 
ecosystems relied on an analysis of the importance of 
maintaining their function for the health and resilience 
of the World Heritage Area.102 That analysis remains 
useful and informs this assessment, but has not been 
repeated. Since 2014, management tools (such as 
hydrological connectivity maps that inform catchment 
management approaches) have improved understanding 
of function.462,701 However, management tools do not 
measure current condition (or function). Instead, the 
remaining spatial extent of each coastal ecosystem is 
the primary indicator of condition until such time as more 
broadscale current condition and function data 
are available.

Healthy, functioning coastal 
ecosystems are critical for the 
long-term health of the Reef

Rainforest canopy, Green Island. © Dieter Tracey
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Table 3.1 Changes in the extent of coastal ecosystems in the Catchment before European settlement, 2009 and 2015
The 2014 Outlook Report outlined the remaining extent of terrestrial habitats (renamed to coastal ecosystems) since European 
settlement. The current extent and trend since 2009 of coastal ecosystems is presented (being remnant vegetation only; or 
more broadly, vegetation that has not previously been cleared). Source: Adapted from Neldner et al. 2017702 
and Kelley and Ryan 2018705

The current vegetation extent data are compared to the vegetation extent before European settlement (Table 3.1). 
The coastal ecosystems have been grouped based on broad vegetation group classifications.702 Broad vegetation 
groups are higher level groupings of vegetation communities and regional ecosystems that provide an overview of 
major ecological patterns and relationships across Queensland. Since 2014, these classifications have been updated, 
so some coastal ecosystems are grouped differently compared with 2014; for example, some dry eucalypt and 
open woodlands are now included in woodlands (rather than heath and shrublands). For this reason, the previously 
published pre-European settlement data and the 2009 data of remaining vegetation extents have been re-analysed 
(Table 3.1). The data in the table are distinguished from the woody vegetation clearing rates703,704, which include 
vegetation that has previously been cleared (Box 3).

Forest stream in the upper Mulgrave River catchment. © GBRMPA 2014

Coastal ecosystem (remnant) 

Total area before  
European 
settlement  

(km2)

Total area remaining 
(km2)

Proportion 
remaining in 
Catchment 
(per cent)

2009 2015 2015

Saltmarshes 2187 1870 1867 85

Freshwater wetlands 1668 1357 1357 81

Forested floodplains 50,060 29,116 29,037 58

Heath and shrublands 3178 2972 2970 93

Grass and sedgelands 11,897 5730 5721 48

Woodlands and forests 323,809 196,532 195,938 60 

      Woodlands 228,642 157,088 156,609 68

      Forests 95,167 39,444 39,329 41

Rainforests 27,413 17,878 17,869 65
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Deforestation — woody vegetation loss    
Vegetation clearing in the Catchment, specifically of woody vegetation, has increased since 2009 (Figure 3.12). 
Woody vegetation occurs across several coastal ecosystems (including some freshwater wetlands, forested 
floodplains, shrublands, woodlands, forests and rainforests). Woody vegetation includes both remnant and 
non-remnant vegetation703, so its remaining extent cannot be assessed within just one of the coastal ecosystems 
discussed in this section. 

The Statewide Landcover and Tree Study703,704 is a vegetation monitoring program that reports annually on 
the woody vegetation loss in Queensland. The total area of woody vegetation cleared in the Catchment was at 
its lowest between 2008 and 2010, at approximately 250 square kilometres per year. The 2009 Outlook Report 
highlighted further clearing of coastal habitats as a high risk, which led to a new and separate assessment of 
terrestrial ecosystems in 2014. The 2014 Outlook Report elevated the risk posed by modifying coastal habitats 
to very high. Since that time, the clearing rate in the Catchment increased overall, peaking at 47 per cent (1660 
square kilometres) of the total statewide woody vegetation clearing rates in 2016–17.703,704 The increase in 
clearing of woody vegetation coincided with major changes to the Queensland vegetation clearing legislation in 
2013.706,707 These vegetation management laws were reinstated in mid-2018 to provide consistent protection to 
regrowth vegetation in all Reef catchments.708

Land clearing is a major contributor to climate change due to the loss of carbon storage habitats, as well as 
changes in rainfall and temperature dynamics.701 Historically, intensive and sprawling anthropogenic land uses 
across the Catchment have shaped the extent of clearing; this has not altered (Section 6.4). In 2017–18, 93 
per cent (approximately 3690 square kilometres) of the total statewide woody vegetation cleared was primarily 
for increased pasture for grazing. This represents a two per cent increase since 2014–15. Whereas, secondary 
purposes accounted for a very small proportion of the total clearing: forestry (six per cent), cropping (one per 
cent), and mining, infrastructure and settlement (less than two per cent in total).704

Figure 3.12 Woody vegetation clearing rates in the Catchment, 1988–2017 
Values in this figure are an estimate of the clearing rate occurring in the 12-month period to 1 August.703 Source: Adapted from 
Department of Science, Information Technology and Innovation (Qld) 2017703 and Department of Environment and Science (Qld) 2018704

BOX 3
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3.5.1 Saltmarshes
Saltmarshes are coastal ecosystems that occur in the upper intertidal area of estuaries and at the interface of marine 
and terrestrial environments.709,710 This ecosystem provides intermittent feeding areas for many marine species, 
including various commercial fish and prawn species such as mullet and tiger prawns. Saltmarshes are vulnerable to 
anthropogenic pressures (such as direct use by vehicles711, fishing and illegal dumping), as well as excess nutrient, 
sediment and pesticide loads.43 Even so, little change in extent has occurred since 2014 (approximately 85 per cent 
of the pre-European settlement extent remains; Table 3.1).705 A major threat to saltmarsh function is artificial barriers 

that prevent tidal influence into the ecosystem (Section 6.4). Given statewide regulatory 
controls have prohibited the construction of infrastructure like ponded pastures since 
the early 2000s, new infrastructure of this kind is no longer considered a widespread 
threat.712,713 However, ongoing management of legacy infrastructure remains a risk to the 
ecosystem services saltmarshes provide to the Reef. In an attempt to remediate some of 
the impact from existing infrastructure, projects have been undertaken on a limited scale 
since 2014 to re-establish connection through culverts.714 

Regulations protecting against unlawful destruction, removal or damage influence the extent of all marine plants 
(many of which are found in saltmarshes). The interaction between mangroves and saltmarshes also influences the 
extent of saltmarshes. It is evident that the movement of mangroves into pockets of saltmarsh ecosystems may 
result from sea-level rise and climate-driven environmental change.711 While the estimated extent of saltmarshes is 
monitored remotely, condition data are limited to localised detailed surveys completed on an ad hoc basis.715

3.5.2 Freshwater wetlands
While freshwater wetlands can include rivers, for the purpose of this report, this coastal ecosystem only includes 
lacustrine (lake) and palustrine (vegetated swamp) wetlands located on coastal lowlands and floodplains 
characterised by seasonal inundation.705,716 This coastal ecosystem is included in the extent of woody vegetation 

(Box 3). Freshwater wetlands provide essential functions and services in, and to, coastal 
and marine ecosystems. For example they provide nurseries for freshwater and marine 
species43 and are used by barramundi moving between estuarine and freshwater 
habitats at different life stages.717 However, cumulative pressures on this ecosystem’s 
ability to function efficiently continue to come from poor water quality and changes 
in hydrology.43 Human-induced pressures include: expanding urban land uses and 
transport infrastructure (roads); the introduction and spread of aquatic and terrestrial 
invasive species;43 and, for some sites, unrestricted access of livestock.43,718 A changing 

climate is a significant threat to wetlands, potentially altering wetting and drying cycles, increasing fire frequency and 
intensity, and raising sea levels.719 

The importance of freshwater wetlands is reflected in new Queensland Government catchment targets requiring no 
net loss of wetland extent527, and a net improvement in the condition of natural wetlands and riparian vegetation that 
contribute to the Reef’s resilience and ecosystem health.9 Since 2009, no additional clearing of freshwater wetlands 
has been recorded; 81 per cent of the pre-European extent is estimated to remain in the Catchment (Table 3.1).705 

Managers reported on wetland condition for the first time in 2016.43 Measured against the Reef Water Quality 
Protection Plan 2013720 target, floodplain wetlands overall are in moderate condition and under moderate exposure 
to pressures.721

3.5.3 Forested floodplains
Forested floodplains are open forests and woodlands on drainage lines or low-lying areas that intermittently flood.702 
This coastal ecosystem is included in the extent of woody vegetation (Section 3.5 Box 3). Forested floodplains  
benefit the marine ecosystem by providing physical processes that slow, capture and transform or retain  
nutrients and sediments before they enter the Region. The main threats to forested floodplains continue to be 
anthropogenic impacts and climate change. Limited contemporary studies have considered the condition of forested 
floodplains.102 The current extent of this ecosystem is approximately 58 per cent of the extent before European 
settlement (Table 3.1).705 

Saltmarshes are essential  
for ecological function, 
however, their condition is  
not well known

Connectivity between wetlands 
and the Reef is essential to the 
health of the Region
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3.5.4 Heath and shrublands
Heath and shrublands often occurs in coastal locations, including dunefields, sandplains and headlands.702 This 
ecosystem helps slow the overland flow of water, prevents erosion, transforms nutrients and sediments, and is 
important as a buffer on steep coastal hill slopes.102 About 42 per cent of this coastal 
ecosystem is located in protected areas,705 which may have resulted in the ecosystem 
being reasonably intact (93 per cent of the extent before European settlement remains; 
Table 3.1). The Cape York NRM region is estimated to have retained all of its remnant 
heath and shrubland areas.705 This ecosystem is vulnerable to anthropogenic impacts 
(clearing and grazing) and climate change, specifically sea-level rise. Condition data are 
lacking for heath and shrublands.

3.5.5 Grass and sedgelands
Grass and sedgelands is typically composed of perennial native grasses (such as 
Mitchell, tussock and bluegrass) with limited trees.702 This coastal ecosystem often 
occurs in temporarily waterlogged areas within minor basins or small depressions, 
and can be associated with wetlands. More than half of the grass and sedgelands in 
the Catchment has been cleared since European settlement; the Mackay–Whitsunday 
region has had the greatest loss (approximately 14 per cent remaining of the extent 
before European settlement). Since 2014, no further loss of this ecosystem has 
been recorded (Table 3.1).705 The grass and sedgeland ecosystem continues to be 
susceptible to anthropogenic impacts, specifically altered hydrological processes. Data on the condition data of this 
coastal ecosystem remains a knowledge gap. 

3.5.6 Woodlands and forests
Woodlands and forests in the Catchment are located on flat to gently undulating coastal 
lowlands and alluvial plains, characterised by a number of eucalypt species making up 
the canopy. The woodland and forest ecosystem affects the Reef’s physical processes 
through its contribution to regulating sediment supply. Furthermore, it reduces the 
velocity of floodwaters by slowing overland flow, moderating erosion that may lead 
to gully erosion and sediment loss.102 Monitoring the area of this ecosystem is well 
established; it makes up the greatest extent of the woody vegetation monitoring study 
(Section 3.5 Box 3). Forests are generally stable in extent, whereas steeper reductions 
have been observed in the extent of woodlands (Table 3.1). The Cape York and the 
Wet Tropics regions have the greatest extent of remaining remnant woodlands and forests ecosystem (88–99 per 
cent of the extent before European settlement), whereas the Fitzroy and Burnett–Mary regions have dropped to 
approximately 30–37 per cent of the extent before European settlement.705 No new data on the condition of this 
coastal ecosystem have been released since 2014. 

Overall, the extent of heath  
and shrublands is stable, 
although highly sensitive to 
human disturbances

More than half of the grass  
and sedgelands has been 
cleared since European 
settlement, but the current 
extent remains stable

Vegetation and ground cover are the primary controls of gully erosion, providing protection against scouring and reducing 
overland flow velocity. Image: Springvale Station, Cape York. © Department of Environment and Science (Qld) 2017

The extent of woodlands and 
forests is greatly reduced 
compared to that before 
European settlement, however, 
reductions since 2009  
have been limited



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 73

3.5.7 Rainforests
Rainforests include vine forests of the Wet Tropics and Cape York regions and stretch south to the evergreen vine 
forests in the Burnett–Mary NRM region. Rainforests are located in high-rainfall highland areas, and occasionally on 

lowlands, beach ridges and islands.702 Rainforests are included in the extent of woody 
vegetation (Section 3.5 Box 3). 

Monitoring the extent of this ecosystem is well established and published annually.703,704 
Rainforests in the Burnett–Mary and Fitzroy NRM regions have experienced the greatest 
clearing rates since European settlement; their remaining extents being 30 and 35 per 
cent, respectively. Conversely, the Cape York and Mackay–Whitsunday NRM regions 
retain near full extent of their pre-European settlement rainforest ecosystems (99 
and 91 per cent, respectively).705 However, in late 2018 the Mackay hinterland was 

devastated by bushfires. At the time of writing, no published data are available on the impacts of the fires. Overall, it 
is estimated that 62 per cent of the Catchment’s rainforests are located in protected areas. Limited areas of remnant 
rainforest have been allocated to protected areas since 2014. The main threats to this coastal ecosystem continues 
to be climate change (specifically the increase in frequency and intensity of extreme temperatures and fires), feral 
animals and ongoing fragmentation as a result of anthropogenic pressures.722 The broad condition of rainforests is a 
knowledge gap.

3.6 Current condition and trends of outbreaks of disease, 
 introduced species and pest species

Four components are graded. Outbreaks of disease, introduced species and other outbreaks 
remain in good condition. However, outbreaks of crown-of-thorns starfish continues to be 
graded as very poor.

Full assessment summary: see Section 3.7.5

n

3.6.1 Outbreaks of disease
Diseases are infections of plants and animals by pathogenic microorganisms, such as bacteria, viruses, fungi 
and parasites. Although many of these microorganisms are naturally present in the environment and usually do 
not cause widespread disease, outbreaks can occur when microorganism abundance increases rapidly or the 
immunity of a potential host is compromised.578,723 Factors such as climate change, a general decline in habitat 
condition and increased population density, increase disease prevalence and virulence, and rates of 
disease transmission.724,725,726

Disease can have a significant negative effect on population structure, causing rapid population declines or, in 
extreme cases, hastening species extinctions.578 Disease affects both host organisms and associated species. It can 
have flow-on effects to ecosystem function, particularly if the disease impairs or kills habitat-forming species, such  

as corals.727,728,729 Not all diseases are 
lethal; sublethal effects of disease  
include reduced rates of reproduction 
and growth.212

Diseases are known to have affected 
a number of marine organisms, such 
as turtles, dolphins, urchins, sponges, 
molluscs, seagrasses, fishes and 
crabs.730,731,732 For example, disease 
prevalence was 25 per cent higher for 
fishes and mud crabs assessed in and 
around Gladstone harbour in 2012 than 
those from control sites733. Since 2018, 
mud crab lesions have dropped to less 
than three per cent.

The Cape York and 
Mackay–Whitsunday regions 
retain nearly all the rainforest 
ecosystem they had before 
European settlement 

Figure 3.13 Coral trout exhibiting symptoms of disease 
Coral trout exhibiting symptoms of disease (fin rot, red eruptive sores, small cysts on 
pectoral fins) were caught in the vicinity of severely and moderately bleached reefs 
offshore northern Queensland in June, 2016. © Department of Agriculture and 
Fisheries (Qld) 2016
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In the Region, at least eight different diseases have been recorded from 40 different coral species.217,734 Surveys 
undertaken between 2014 and 2018 recorded disease on several reefs across the entire Region.735 The incidence 
of coral disease increased sharply in the winter of 2016 following mass bleaching and continued into the summer 
of 2017. Incidence of coral disease was greatest on reefs that had experienced the longest exposure to warmer 
than average sea surface temperatures in the winter of 2016 and summer of 2017.96,736 Although it is unknown what 
proportion of corals in the Region were affected, one study observed a reduction in coral cover by more than half due 
to a combination of bleaching and white syndromes disease in early 2017.736

With increasing global warming and poor water quality, disease prevalence may also increase in fish species.725 For 
example, in April 2016, disease was detected in coral trout caught near reefs in the northern Reef that had been 
exposed to record-breaking sea surface temperatures during the summer. Although the disease was never identified, 
symptoms included fin rot, red eruptive sores, small cysts on pectoral fins and widespread sandpaper bumps on 
the body of the fish (Figure 3.13). Given the prolonged exposure to high sea surface temperatures in 2016, it is likely 
these fish succumbed to physiological stress. It is unclear what longer-term ecological implications will manifest 
in coral trout and other fish species across the northern two thirds of the Reef following the 2016 and 2017 mass 
bleaching events.

Incidence of disease in the Region will increase with temperature increases associated with global warming, 
potentially resulting in disease hotspots.737,738,739,740 Injuries to corals from coral predators741,742,743 and damselfish744, 
increased sediment and turbidity745 and abrasion from marine debris580 also influence disease transmission in coral. 
Drupella, a coral-feeding snail, can transmit brown band coral disease between colonies.742 These small predatory 
snails can aggregate in large numbers (Section 3.6.4)746,747, and so they are a significant disease vector.742 New 
diseases arriving in the Region as a result of changes in ocean currents (and consequent connectivity patterns) due 
to climate change are an emerging risk.698 

Marine turtles have been found with blood flukes, septicaemia and fibropapilloma infections337, but only in small 
numbers, and these diseases do not appear to have increased since 2014. Overall, outbreaks of disease have been 
fairly stable since 2014, with higher incidences after thermal extremes in 2016 and 2017. 

3.6.2 Outbreaks of crown-of-thorns starfish
Crown-of-thorns starfish (previously referred to as Acanthaster planci, reclassified as 
Acanthaster cf. solaris748) are native coral predators on the Reef. At natural densities 
(less than one starfish per hectare)749, the starfish do not pose a threat to coral reefs 
because coral growth rates exceed predation rates. However, when densities of 
starfish reach a point where the consumption of coral tissue exceeds coral growth 
(approximately 15 starfish per hectare)750, an outbreak is established.751 Since the early 1960s, the Region has 
experienced four destructive outbreaks. This frequency is unsustainable, particularly given other cumulative and 
broadscale pressures affecting the Region. 

An outbreak spreads along the Region primarily when adults spawn (in the warmer months from December to 
February) and their larvae are transported by currents to other reefs, some tens to hundreds of kilometres away.752 
Once larvae settle on the reef, they feed initially on crustose coralline algae753 before transitioning to a diet of coral 
tissue (Figure 3.14). 

Outbreaks of crown-of-thorns 
starfish are ongoing and 
causing coral decline

Figure 3.14 Juvenile and adult crown-of-thorns starfish 
Left: Juvenile starfish feeding on crustose coralline algae before switching to a coral diet. © Jennifer Wilmes. 
Right: Lethal injection of adult starfish feeding on a large plate coral. © GBRMPA, photographer: Daniel Schultz
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In 2010, the Reef experienced the initial stages of its fourth crown-of-thorns starfish outbreak since the 1960s.752 
These outbreaks have followed a common pattern, initiating approximately every 15 to 17 years in the region 
between Lizard Island and Cairns on reefs offshore from the Wet Tropics river catchment.424,752 These primary 
outbreaks subsequently spread out from the initiation zone in waves, mainly through the transport of crown-of-thorns 
starfish larvae on ocean currents. These waves of secondary outbreaks spread southward at a rate of 
approximately 60 kilometres per year and can persist for more than 10 years.754 The primary outbreaks that initiate 
in the region between Lizard Island and Cairns may also spread north, however, the dynamics of a northern spread 
are not well understood.

Between 2014 and 2018, the outbreak that started in 2010 in the Cairns–Cooktown Management Area, gradually 
spread south, to reefs off Innisfail and Townsville.735 In 2017, an independent outbreak was identified in the Swain 
Reefs.735 In 2018–19, surveys of 57 reefs in the Far Northern Management Area found no signs of outbreaks, while 
surveys in the Mackay–Capricorn Management Area found outbreaks on 16 per cent of the 75 reefs surveyed.735

Outbreaks of coral-feeding crown-of-thorns starfish, coupled with impacts from coral bleaching, have caused 
extensive coral decline across the Region.755 In the absence of other disturbances, the recovery of coral reefs 
following starfish outbreaks takes at least 10 years, with coral reefs protected in no-take areas recovering more 
quickly than those where fishing is allowed.756 However, windows of opportunity for recovery following outbreaks are 
decreasing, given other cumulative stressors affecting coral reefs. 

Attempts to manage crown-of-thorns starfish outbreaks includes mitigating several factors that contribute to 
outbreaks and their prevalence (including poor water quality and removal of predators through fishing), and direct 
control through culling751 (Section 7.3.12 Box 13). Controlling outbreaks at a local scale is considered one of the 
most feasible management actions to reduce rates of coral mortality after an outbreak has established and to enable 
the ecosystem to cope with other pressures.757,758 As well as direct loss of coral tissue from crown-of-thorns starfish 
predation, the potential flow-on effects (such as loss of diversity, damage to reef structure and algal overgrowth) also 
degrade the overall resilience of the ecosystem759 (Chapter 8).

The underlying causes of outbreaks are multifaceted with no single trigger categorically proven to initiate 
outbreaks.757,758 Nutrients in the water column from natural upwelling and land-based run-off, hydrodynamic 
conditions, coral availability and low abundance of predators of crown-of-thorns starfish may all combine to provide 
positive outbreak conditions on the Reef.424,760,761,762 For some time, the giant triton snail was considered one of 
the few predators of crown-of-thorns starfish.763 However, it is increasingly clear that many coral reef organisms, 
including other invertebrates and fish (for example, small damselfish and emperors), prey on crown-of-thorns 
starfish at some stage in their life cycle.764 Some of these predators (such as emperors) are fisheries targets. Healthy 
predator populations are likely to be important in the top-down control of starfish populations and prevention of future 
outbreaks.754,762

As at 2019, outbreaks are most severe in the central and southern areas of the Reef. Overall the trend remains stable.

3.6.3 Introduced species
Introduced species or ‘pests’ include non-native plants or animals that establish beyond their natural range and 
threaten values within their new range. Pests can be spread by both natural vectors (wind, currents and birds)765,766 
and human-related vectors (on camping equipment, the hull of a ship, or materials moved to and between islands). 

Introduced species are a threat to native plants and animals because they compete for 
food and space, and in some cases may directly prey on native species (for example, 
feral pigs prey on marine turtle eggs).

Australian waters house approximately 200 introduced marine species.767 The majority 
have been transported within the marine environment by ships (for example, the Asian 
green mussel) or have entered Australian waters from legacy aquaculture outflows. Since 

2009, seven exotic marine pest detections have occurred within Queensland ports, four of which were in the Region 
(Gladstone 2009, Cairns 2012 and 2014, and Hay Point 2013). The last recorded incursion within the Region was in 
December 2014, when two Asian green mussels were found on a navy ship in Cairns.

Coordinated marine pest monitoring is not undertaken at smaller marinas and ports used by recreational and 
commercial vessels travelling from international waters through the Reef. However, Biosecurity Queensland is 
currently working on a Marine Pest Prevention and Preparedness Project to increase maritime stakeholder 
knowledge and awareness of how to minimise the threat of marine pests through surveillance, reporting and 
recommended boat hygiene practices. Biosecurity Queensland is also developing a pilot port surveillance program, 
working with the five major Queensland ports to build capability in marine pest surveillance and monitoring.

Established terrestrial pests are more likely to persist on islands and cays that are disturbed or have been modified 
in some way.765 With an increasing coastal population and greater promotion of island-based tourism in areas where 
the Reef is recovering from disturbances (for example, the Whitsunday islands), there may be an increased risk of 

Since 2014, several pests have 
been eradicated from islands 
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human transmission of pests to islands and cays. Since 
2014, an improved approach to island biosecurity has 
been implemented through prescriptive quarantine and 
surveillance measures. The Queensland Government ‘Be 
Pest Free’ community awareness and education program 
educates island visitors on how to avoid the inadvertent 
introduction of pest plants and animals. Islands that receive 
regular barge services (such as Magnetic Island, Green 
Island and some Whitsunday islands) and campers have a 
higher risk of receiving new pest introductions than more 
isolated, less visited islands.

Since the 1970s, there has been a gradual trend of 
increasing eradication successes on islands and cays 
around the Whitsundays and Capricorn Bunker group (Box 
4). Since the 2014 Outlook Report, several introduced 
species have been eradicated from islands where they 
were previously recorded (for example, goats have been 

eradicated from High Peak and St Bees islands (Figure 3.15), and rats from Frankland and Barnard islands). Pest 
management is ongoing on other islands, mainland beaches and coastlines.

The occurance of introduced species has remained stable across the Region. Effective eradication has occurred in 
some areas and limited infestations have been recorded in, and adjacent to, the Region.

Figure 3.15 Number of goats removed from High Peak 
Island, 2009 to 2018 
An ongoing targeted program began in 2009 and resulted in full 
eradication in 2018. Source: Queensland Parks and Wildlife Service

Pest eradication restores Pisonia forest 
and seabird breeding site    
The scale insect (Pulvinaria urbicola) in outbreak numbers can be a pest, 
attaching to plants and extracting sap, weakening and eventually killing 
the plant. Certain species of ladybird and parasitic wasp are natural 
predators of the scale insect; however, if their numbers are low it is hard 
to control without intervention. On two islands off Yeppoon (Tryon and 
Wilson islands), infestations of the scale insect grew to devastating levels 
when aided by the introduced African big-headed ant. The ant protects the 
scale insect from natural predators and feeds on a honey dew excretion 
produced by the scale insect. As well as undermining natural predation, 
the ant moves scale insects between plants, spreading the infestation. 

Pisonia forests provide critical seabird nesting habitat, stabilise sediments 
and suppress other plants through shading.27 From 1993 to 2003, the 
scale insect infestation had severe ecological impacts at Tryon Island, 
decimating the island’s Pisonia forests. This led to a change in the 
composition of the island’s vegetation and seabird communities. Wedge-
tailed shearwaters continued to breed, however, thick grasses and weeds 
hindered ground movement of birds and their take-off runways. Transient 
species, such as the tawny grassbird were recorded more regularly after 
the vegetation had shifted from forest to more open habitat. 

Pest ants were baited from 2006, and in 2016 eradication of the island’s 
African big-headed ants was confirmed. The intervention program 
also focussed on restoring the island’s original forest. More than 3000 
Pisonia cuttings were planted and the forest has started to recover its 
closed canopy, supressing weeds. This vegetation renewal has also 
re-established nesting habitat for black noddies and wedge-tailed 
shearwaters, with numbers of both increasing. 

The lessons learned at Tryon Island provided the basis for the highly successful outbreak response at Wilson 
Island in 2006 and 2007. Knowledge was gained on how to bait and kill the introduced ants, bolster natural 
predator numbers and effectively restore Pisonia forest ecosystems.768 Managers now have the science and 
intervention knowledge to successfully prevent, treat and protect Pisonia forests from the scale insect pest 
throughout the Reef.

Top: Decimated area of Pisonia grandis forest on 
Tryon Island. © Queensland Parks and Wildlife Service 
2006, photographer: Joy Brushe 
Bottom: The same location in 2016. © Queensland 
Parks and Wildlife Service 2016, photographer: 
Joy Brushe 

BOX 4
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3.6.4 Other outbreaks
Other outbreaks includes native species (as opposed to introduced species; Section 3.6.3) that experience a rapid 
increase in abundance, biomass or population. Outbreaks of the naturally occurring crown-of-thorns starfish and 
coral disease were examined previously (Sections 3.6.1 and 3.6.2). Outbreaks and blooms are often a sign of 
ecosystem stress and can be harmful or lethal to other marine species. Some outbreaks can also pose a threat to 
human health, either through direct consumption of ciguatoxins in fish, inhalation of microscopic organisms causing 
the outbreak769, or exposure to toxic cyanobacteria in water. 

Trichodesmium is a pelagic blue-green alga that can create slicks when significant numbers of the cells join together 
and float to the water surface. When these slicks are exposed to light the algae die, leaving floating pungent slicks 
that look like sawdust on the surface of the water and are commonly mistaken for oil spills (Figure 3.16). Slicks are 
more common under hot, calm, doldrum conditions in spring and summer, and accumulation is aided by slow, 
circulating surface currents.770 Trichodesmium plays an important role in nitrogen fixation, and produces a large 
amount of the nitrogen available to the Reef system.771,772 

When the blooms outbreak into large slicks, they can 
become toxic, particularly in shallow, still waters, affecting 
other marine life (predominantly fish) and posing a risk 
to human health. While limited broadscale monitoring of 
Trichodesmium occurs across the Region, long-term data 
have been recorded near the Yongala Wreck (offshore from 
Ayr) since 2010, indicating a long-term gradual increase in 
the abundance of Trichodesmium773 (Figure 3.17). Seasonal 
fluctuations in abundance occur, with lower abundances 
associated with winter periods.773

Drupella are coral-eating marine snails that occur naturally 
on the Reef. When Drupella snails increase to outbreak 
numbers they can significantly damage corals through direct 
predation and spreading disease.742 There is no evidence 
to suggest that Drupella snails undergo regular, large-
scale outbreaks like crown-of-thorns starfish. The triggers 
for Drupella snail outbreaks are also not well understood. 
However, overfishing of predators (such as triggerfish and 
wrasses)774, elevated nutrients and global warming may 
exacerbate outbreaks.775 Recent evidence from the Maldives 
identified a significant increase in Drupella snails following a 
coral bleaching event in 2016, with snails targeting colonies 
that had resisted the bleaching.776 On the Reef, some 
tourism operators have reported high densities of Drupella 
snails at several tourism sites off Cairns.777 However, due to 
lack of data it is unclear whether Drupella outbreaks have 
increased across the Region following the 2016–2017 coral 
bleaching events.

Outbreaks and blooms can be triggered by changed 
environmental conditions. For example, blooms of irukandji 
jellyfish in the Region during summer months coincide 
with the easing of prevailing south-easterly trade winds.778 
Elsewhere in the Pacific, toxic algal blooms associated with 
record-breaking high sea surface temperatures in 2016 
have occurred. For example, a region in Chile declared a 

state of emergency when a widespread toxic algal outbreak caused mass mortality of fishes, shellfish, and birds, and 
hundreds of whale strandings.779 This resulted in significant economic losses, with impacts on both human health and 
recreational use.

Outbreaks of some species are increasing in some areas, while Drupella abundance appears similar to levels seen 
before 2014, resulting in no consistent trend.

Figure 3.16 Trichodesmium slick around Hinchinbrook Island 
© GBRMPA 2019

Figure 3.17 Abundance of Trichodesmium, Yongala IMOS 
National Reference Station, 2009–2017
Source: IMOS National Reference Station 2010-2018773
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Grading statements — physical, chemical and ecological processes Trend since last report

Very good
There are no 
significant changes 
in processes as 
a result of human 
activities.

Good
There are some 
significant changes in 
processes as a result 
of human activities in 
some areas, but these 
are not to the extent that 
they are significantly 
affecting ecosystem 
functions.

Poor
There are substantial 
changes in processes 
as a result of human 
activities, and these are 
significantly affecting 
ecosystem functions in 
some areas.

Very poor
There are substantial 
changes in processes 
across a wide area 
as a result of human 
activities, and 
ecosystem functions 
are seriously affected 
in much of the area.

 
Borderline
Indicates where a 
component or criterion 
is considered close to 
satisfying the adjacent 
grading statement. 

h 
n
i
0

Improved

Stable

Deteriorated

No consistent trend

Confidence

Adequate high-quality 
evidence and high level of 
consensus

Limited evidence or 
limited consensus

Inferred, very limited 
evidence

Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

i i
Physical processes: The majority of physical processes have remained stable or continued 
to decline, except currents and cyclones and wind. Further changes to these processes are 
expected due to the continued influence of climate change and land-based run-off, with broad 
implications for the Region.

i 0 Currents: Ocean currents continue to transport and connect species and habitats. 

i 0
Cyclones and wind: Since 2014, over 60 per cent of the reef area within the Region has been 
exposed to destructive waves from five severe tropical cyclones. Location and intensity of 
cyclones remain highly variable. Given other cumulative impacts, cyclones have damaged 
the Region’s structure and impacted its function, particularly around Lizard Island and the 
Whitsundays. 

i n
Freshwater inflow: Between 2013 and 2018, freshwater flow was near or below the long-term 
average for the Catchment. 

i n
Sediment exposure: Sediment loads continue to contribute to the poor state of many inshore 
coastal and marine ecosystems. The majority of sediment is delivered to the Region during flood 
events and the amount varies between catchments.

i i
Sea level: Sea level is rising, with the fastest rates being recorded in the Region’s north. Coastal 
areas, islands and cays will be most affected by increases in sea level. 

i i
Sea temperature: Extreme thermal stress due to global warming occurred in the summers of 
2016 and 2017, resulting in widespread coral mortality. Impacts on other organisms (such as fish 
and seabirds) are emerging. 

i i
Light: It is likely that underwater light availability has decreased substantially in the inshore areas 
of the southern two thirds of the Region due to land-based run-off, resuspension of existing 
sediment in the system and extreme weather.

3.7 Assessment summary — Ecosystem health
Paragraph 54(3)(a) of the Great Barrier Reef Marine Park Act 1975 requires ‘… an assessment of the current 
health of the ecosystem within the Great Barrier Reef Region and of the ecosystem outside that region to the 
extent that it affects that region’. 

This assessment is based on five assessment criteria:

• physical processes
• chemical processes
• ecological processes
• coastal ecosystems that support the Great Barrier Reef
• outbreaks of disease, introduced species and pest species.

3.7.1 Physical processes
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Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

i n
Chemical processes: The chemical processes within the Reef are generally in good condition. 
However, nutrient cycling continues to be affected by land-based run-off. Ocean salinity has 
remained stable largely as a result of low rainfall. Ocean pH has decreased as a result of climate 
change.

i n
Nutrient cycling: Since 2012, the dissolved inorganic nitrogen discharged to the Catchment has 
been generally lower than previous years, primarily due to low river flow. 

i i
Ocean pH: Inshore areas are more vulnerable to ocean acidification than the open ocean due to 
higher respiration and nutrient levels. Ocean pH is slowly decreasing.

i n
Ocean salinity: Localised changes to salinity occur as a result of freshwater inflow, largely 
affecting inshore areas. Overall, this process is stable.

Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

i i

Ecological processes: The majority of ecological processes on the Reef have deteriorated. 
Significant declines in the majority of coral cover throughout the Region are likely to have 
affected some key ecological processes, such as connectivity, symbiosis, reef building, 
competition and recruitment. However, as time lag effects are common after mass bleaching 
events, impacts may still be unfolding. Ecological processes are expected to continue to decline 
due to climate change impacts and inshore land-based run-off.

n 0
Microbial processes: Microbial processes are central to the flow of carbon through the 
ecosystem and are sensitive to changes in environmental conditions. Environmental stressors 
associated with a warming climate have disrupted microbial processes in corals and other 
organisms, lowering their ability to resist bleaching and disease. Very little information exists on 
microbial processes across the Region.

i i
Particle feeding: Particle feeding is undertaken by a broad range of species, including 
echinoderms, molluscs, sponges and corals. High nutrient levels have affected some particle 
feeders. Following two thermal stress events, there have been significant declines in particle-
feeding corals in some areas. It is also likely that particle-feeding fish, which rely heavily on coral 
habitats for shelter, have also decreased. 

0 0
Primary production: Some seafloor primary producers, such as seagrasses and benthic algae, 
have increased in some areas. However, high levels of nutrients, sediment and temperature are 
causing negative impacts. Corals have declined sharply. Phytoplankton is variable across the 
Region and depends on a combination of freshwater inflow and nutrients.

i n

Herbivory: The process of herbivory supports nutrient cycling, is important for reinforcing a 
coral-dominated state through the removal of competing algae, and increases the productivity of 
seagrass meadows. Fish herbivore abundance has generally remained stable across the Region, 
with some changes in offshore locations. In high-sediment areas, and where macroalgae are 
dense, herbivory is reduced. The condition of herbivory as a process across the Region and the 
mechanisms that affect it are not well understood.

0 0 Predation: Generally, changes in the abundance of reef-associated predators across the Region 
have been variable. A large group of predators, the sharks and rays, has been assessed as being 
in poor condition. 

i i
Symbiosis: Based on the unprecedented decline of coral cover and the changes in coral 
community composition, the majority of symbioses involving coral have been significantly 
affected since 2016. Many symbiotic relationships between small benthic invertebrates remain 
data deficient. 

i
Recruitment: Recruitment is reduced for many key species, in particular, corals, fishes and some 
marine turtles and seabirds, largely due to chronic and acute disturbances. 

i i
Reef building: Reef building has deteriorated, largely due to the combined effects of 
unprecedented declines in coral cover and crustose coralline algae in some areas in response to 
thermal bleaching events. The slow decrease in ocean pH affects reef building. 

3.7.2 Chemical processes

3.7.3 Ecological processes
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Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

n i
Competition: Habitat loss and population declines are changing competition on a broad scale, 
which is likely to have flow-on effects on the fitness of organisms. It is likely that coral–algal 
competition has increased.

i i
Connectivity: Marine species and habitats remain connected. However, effects of climate 
change have altered connectivity patterns. Connectivity with some coastal ecosystems remains 
disrupted. 

3.7.4 Coastal ecosystems that support the Great Barrier Reef
Grading statements — coastal ecosystems that support the Great Barrier Reef Trend since last report

Very good
All major habitats 
are essentially 
structurally and 
functionally intact 
and able to support 
all dependent 
species.

Good
There is some habitat 
loss, degradation or 
alteration in some 
small areas, leading to 
minimal degradation 
but no persistent, 
substantial effects 
on populations of 
dependent species.

Poor
Habitat loss, 
degradation or 
alteration has occurred 
in a number of areas 
leading to persistent 
substantial effects on 
populations of some 
dependent species.

Very poor
There is widespread 
habitat loss, 
degradation or 
alteration leading to 
persistent, substantial 
effects on many 
populations of 
dependent species.

 
Borderline
Indicates where a 
component or criterion 
is considered close to 
satisfying the adjacent 
grading statement. 

h 
n
i
0

Improved

Stable

Deteriorated

No consistent trend

Confidence

Adequate high-quality 
evidence and high level 
of consensus

Limited evidence or 
limited consensus

Inferred, very limited 
evidence

Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

n
Coastal ecosystems that support the Great Barrier Reef: A broad understanding of the 
condition of each coastal ecosystem remains a significant knowledge gap, even though some 
are subject to extensive management effort (saltmarshes, wetlands, woodlands and forests). 
Many grades and trends are limited or inferred. Since 2014, the woody vegetation clearing rate in 
the Catchment continued to increase. The main purpose for this clearing was for agriculture. 

n
Saltmarshes: Historically, a small area of this ecosystem has been modified in the Catchment. 
More evidence is emerging about saltmarshes, yet little is known about the condition of this 
ecosystem. 

n
Freshwater wetlands: No significant loss of extent and no significant new threats have 
occurred, but the impacts of climate change are unclear.

n
Forested floodplains: Given the limited remaining extent and limited condition data available 
about the performance of this ecosystem for services and function to the Reef, the grade and 
trend are uncertain. There is insufficient new evidence to substantiate a change in grade or trend. 

n
Heath and shrublands: Given the extent of heath and shrublands remains stable at nearly the 
full extent of the ecosystem pre-European clearing, the ecosystem is considered to be very 
good. However, little is known about the condition of this ecosystem.

n
Grass and sedgelands: Grass and sedgeland extent remains stable, but overall this ecosystem 
has seen the greatest loss of all coastal ecosystems since European settlement. Limited 
condition data are available. 

i
Woodlands and forests: The extent of this ecosystem is stable, but continues to reduce 
from the nominal extent that remains from clearing after European settlement. Annual data 
are produced on the extent of woody vegetation clearing rates, and are the most robust data 
available.

n
Rainforests: Extent in the catchment remains stable. Although little is known about the condition 
of this ecosystem, the inferred protection of rainforests in protected areas increases the 
confidence in this grade.
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3.7.5 Outbreaks of disease, introduced species and pest species
Grading statements — outbreaks Trend since last report

Very good
No records of 
diseases above 
expected natural 
levels; no introduced 
species recorded; 
no outbreaks; pest 
populations within 
naturally expected 
levels.

Good
Disease occasionally 
above expected 
natural levels but 
recovery prompt; 
any occurrences of 
introduced species 
successfully addressed; 
pests sometimes 
present above natural 
levels with limited 
effects on ecosystem 
function.

Poor
Unnaturally high levels 
of disease regularly 
recorded in some 
areas; occurrences of 
introduced species 
require significant 
intervention; pest 
outbreaks in some 
areas affect ecosystem 
function more than 
expected under natural 
conditions.

Very poor
Unnaturally high 
levels of disease often 
recorded in many 
areas; uncontrollable 
outbreaks of 
introduced pests; 
opportunistic pests 
seriously affecting 
ecosystem function in 
many areas.

 
Borderline
Indicates where a 
component or criterion 
is considered close to 
satisfying the adjacent 
grading statement. 

h 
n
i
0

Improved

Stable

Deteriorated

No consistent trend

Confidence

Adequate high-quality 
evidence and high level of 
consensus

Limited evidence or 
limited consensus

Inferred, very limited 
evidence

Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

n n
Outbreaks of disease, introduced species and pest species: Outbreaks of disease are 
localised and patchy across the Region. Although pest control programs have been successful 
on local scales, introduced species continue to be recorded. Other outbreaks, such as 
Trichodesmium, have increased, but data are limited on a broad scale. The severity of the crown-
of-thorns starfish outbreak continues to seriously affect coral reef habitats.

n n
Outbreaks of disease: The incidence of disease is localised and patchy across the Region. 
Disease has affected corals, turtles, dolphins, coral trout and prawns since 2014. Reports of 
coral disease peaked following mass bleaching events in 2016 and 2017. Incidence of disease 
will increase with global warming.

i n
Outbreaks of crown-of-thorns starfish: The Region is still experiencing an outbreak of crown-
of-thorns starfish which began around 2010, seriously affecting ecosystem function in many 
areas. The areas most heavily affected by starfish predation have shifted from reefs offshore of 
Cairns to those south of Innisfail, with the Swain Reefs also experiencing significant impacts.

n n
Introduced species: Eradication of certain introduced species on a number of islands has been 
confirmed since 2014, and other infestations are being effectively managed. New incursions of 
introduced marine species in the Region have not been recorded since 2014.

n 0 Other outbreaks: Outbreaks of some species are likely to have resulted from declining 
ecosystem conditions. Trichodesmium blooms are increasing in particular areas, whereas 
Drupella predation appears similar to levels seen before 2014.
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3.8 Overall summary of ecosystem health
The condition of the Region depends on a range of chemical, physical and ecological 
processes, the health of connected coastal ecosystems, and impacts of disease and 
pest outbreaks. Of the 31 ecosystem health components assessed across those five 
areas, about 60 per cent remain in good to very good condition; the rest are in poor 
to very poor condition. Eleven of the 31 components have deteriorated since 2014, 
mainly due to declines in ecological processes (such as symbiosis and recruitment) and 
changes to some physical processes (such as sea temperature and light).

The decline in ecosystem condition in the Region over the past five years has been 
exacerbated by both acute and chronic disturbances, such as record high sea 
temperatures and poor water quality. Extreme sea temperatures caused by global 
warming have had the greatest impact: heat stress has caused unprecedented loss of 
coral reef habitat along two-thirds of the Reef and had flow-on impacts on dependent species. The unprecedented 
chronic and acute spikes in sea temperature across much of the Region have driven the change in grade for sea 
temperature from poor to very poor. Sea temperature and other physical and chemical 
processes (such as sea level and ocean pH) will continue to deteriorate as the effects of 
climate change accelerate. Other physical processes, such as sediment exposure and 
freshwater inflow, have remained stable since 2014. 

Apart from ocean pH, which has deteriorated since 2014, chemical processes are 
relatively stable: ocean salinity is unchanged and nutrient cycling remains in poor but 
stable condition. Although some improvements are being made in land management 
practices to reduce nutrients and sediments from land-based run-off, there are 
significant time lags between changes in management and improvements in marine 
processes (Section 6.5). 

Ecological processes, including microbial processes, particle feeding, primary production and competition remain 
poorly understood. The loss of some coral habitats in 2016 and 2017 has affected some key ecological processes, 
particularly those associated with coral, such as particle feeding, primary production, 
recruitment and reef building. The deteriorating condition of many ecological processes 
has affected the integrity of the Region’s outstanding universal value.

Coastal ecosystems that support the Reef remain in poor condition overall. However, 
the trends of most components have stabilised. Woodlands and forests is the only 
coastal ecosystem type that continues to deteriorate following a further reduction in 
its extent. Continued modification of coastal ecosystems will increase sediment inflow, 
reduce connectivity to the Reef and reduce capacity of these habitats to support the 
Region’s ecosystems and species.

Outbreaks of crown-of-thorns starfish persist in the Region, especially affecting offshore 
reefs from Innisfail and Townsville. A more recent outbreak has been identified in the Swain Reefs. The severity of 
these outbreaks continues to reduced live coral reef habitat. Programs to eradicate introduced pests have been 
successful on some islands.

Exposure to both acute and 
chronic disturbances, such as 
record high sea temperatures 
and poor water quality, have 
contributed to an overall 
decline in ecosystem condition, 
with both ecological and 
physical processes assessed as 
deteriorating

Extreme thermal stress in 
2016 and 2017 underscored 
the deterioration of sea 
temperature to very poor. 
The effect has influenced the 
deterioration of symbiosis and 
reef building

Some processes important to 
replenishment and recovery 
of species and habitats, such 
as currents, connectivity and 
primary production remain in 
good to very good condition

Reefscape during the 2016 mass coral bleaching event. Some bleached corals appear white, while others appear fluorescent. 
© GBRMPA
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<< The SS Yongala is one of the Region’s historic shipwrecks and a popular dive site. © Matt Curnock 2015
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4.1 Background 
Heritage values of the Region were considered in the Outlook Report for the first time in 2014, following amendments 
to the Great Barrier Reef Marine Park Act 1975 (Cth) in 2008. The scope of the assessment includes the Region’s 
natural, Indigenous and historic heritage value (Table 4.1),780 some of which extend beyond the Region’s boundary. 
For example, Indigenous heritage values of the Region include Traditional Owners’ connection to both land and sea. 
Therefore, the assessment of Indigenous heritage values may include areas outside the Region (such as islands and 
the coastline, irrespective of jurisdiction) that affect the Region (Section 4.3).

H E R I TA G E  V A L U E S

‘an assessment of the current heritage values …’ 
of the Great Barrier Reef Region, paragraph 116A(2)(a) 
of the Great Barrier Reef Marine Park Regulations 1983

Traditional Owner and researcher working in partnership on Raine Island. © Department of Environment and Science (Qld)

Table 4.1 Scope of assessment of the heritage values of the Region

Domains of heritage values Scope of assessment

Natural The Region and ecosystems outside the Region to the extent they affect the 
Region (Chapters 2 and 3). The regulatory requirements for assessing natural 
heritage values (biodiversity and ecosystem health) extend beyond the Region. 

Indigenous The Region and areas outside the Region to the extent they affect the 
Indigenous heritage value of the Region. 

Historic The Region, including Commonwealth islands. Queensland islands, internal 
waters and the Catchment above mean low water mark are excluded from  
the assessment. 
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4.1.1 Structure of assessment
In Australia, three heritage domains (or types of 
heritage value) are recognised: natural, Indigenous 
and historic (Table 4.1)780. In this Outlook Report, 
some sections have been reordered to better 
align with these three domains (Table 4.2) and the 
requirements set out in the regulations applying to the 
Marine Park (Marine Park regulations). 

The Outlook Report describes aspects of heritage 
values in terms of components (values that are 
graded) and attributes (attributes of a component 
used to assess significance) (Figure 4.1). The Marine 
Park regulations set the parameters for the heritage 
assessment in the Outlook Report; in some instances, 
the prescribed values are equivalent to things 
considered attributes in other settings. For example, 
for consistency with previous Outlook Reports, 
aesthetic heritage values are given a grade, whereas 
in other settings, a value’s aesthetic attributes 
demonstrate the value’s historic significance.

Heritage
values
(Domains)

Natural
Indigenous

Historic

Component

A term used in the Outlook Report to describe a value
that is graded. Components include the things, tangible
or intangible, that have attributes demonstrating its heritage
value (e.g. shipwreck, lores, sea snake, currents) 

Attribute

Each attribute of a component is tested for its level of
signi�cance to see if it meets one or more criteria – social,
aesthetic, scienti�c or historic signi�cance (e.g. the timber
framing and iron cladding at Dent Island’s lightstation are
attributes with historic signi�cance)

Table 4.2 Structure of heritage values assessment — 
comparison between Outlook Reports 
The Marine Park regulations establish the scope of the Outlook 
Report heritage assessment.

Figure 4.1 Heritage values matrix
Source: Commonwealth of Australia 2015780

4.2 Current condition and trends 
 — natural heritage values
Five components of natural heritage values are graded. Three components are 
considered in good condition, but borderline with poor. Habitats for conservation of 
biodiversity has deteriorated to a poor grade. Major stages of the Earth’s evolutionary 
history has deteriorated to good condition. 

Full assessment summary: see Section 4.6.1

i

The Great Barrier Reef was inscribed on the World Heritage List in 1981 and included on the National Heritage List 
in 2007. These two listings recognise the Region for the same natural heritage value. Therefore, for the purpose of 
this assessment, the Region’s world and national heritage value is assessed together as a natural heritage value, with 
reference to Chapter 2 (biodiversity values) and Chapter 3 (ecosystem health values) for evidence of the condition of 
the Region’s natural heritage value.

2014 Structure of 
heritage values 
assessment

2019 Restructure 
of heritage values 
assessment

• Indigenous heritage 
values

• Historic heritage values

• Other heritage values

• World heritage values 
and national heritage 
values

• Commonwealth heritage 
values

• Natural heritage values

• Natural heritage values 
o world heritage value
o national heritage value 

• Indigenous heritage 
values

• Historic heritage values
o Commonwealth 

heritage values 

• Other heritage values 
– attributes of heritage 
significance (social, 
aesthetic and scientific)  
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4.2.1 World heritage value and national heritage value 
All properties inscribed on the World Heritage List have a common thread; they all have outstanding universal 
value. Outstanding universal value can be described as ‘cultural and/or natural significance which is so exceptional 
as to transcend national boundaries and to be of common importance for present and future generations of all 
humanity’781. The United Nations Educational, Scientific and Cultural Organization (UNESCO) explains outstanding 
universal value as having three pillars, of which some aspects are assessed within the Outlook Report. Under the 
Operational Guidelines for Implementation of the World Heritage Convention781, to have outstanding universal 
value a property must:

• meet one or more of the 10 world heritage criteria (Pillar 1)
• meet the condition of integrity (wholeness and intactness) (Pillar 2). Cultural heritage properties must also  
 meet the condition of authenticity, however, this is not applicable to the Great Barrier Reef 
• have an adequate system of protection and management to safeguard its future (Pillar 3).

The Reef is inscribed under four natural world heritage criteria (Table 4.3). Any component contributing to these 
criteria not assessed in Chapters 2 and 3 (for example, natural beauty, aesthetics and major stages of the Earth’s 
evolutionary history) are assessed in this chapter. The assessment also includes a brief assessment of the integrity 
of the property (Section 4.2.6).781 Safeguards for the property (protection and management effectiveness) are 
briefly assessed here in relation to heritage values. However, the broader and more comprehensive assessment of 
management effectiveness is included in Chapter 7.

Table 4.3 World heritage criteria relevant to the Reef and how they are assessed
This table summarises how the Outlook Report chapters relate to the world heritage criteria; more detail is shown in Appendix 3.

Short title 
(component of  

Outlook Report)

Current world heritage  
criteria

Outlook Report assessment of 
natural heritage values 

Natural beauty and natural 
phenomena

(vii) contain superlative natural 
phenomena or areas of exceptional 
natural beauty and aesthetic importance

The natural beauty of the property 
is assessed in Chapter 4. Chapters 
2 and 3 inform an assessment of 
natural phenomena

Major stages of the Earth’s 
evolutionary history

(viii) be outstanding examples 
representing major stages of Earth's 
history, including the record of life, 
significant ongoing geological processes 
in the development of landforms, or 
significant geomorphic or physiographic 
features

The major stages of Earth’s 
evolutionary history are assessed 
in Chapter 4 and informed by 
Chapters 2 and 3.

Ecological and biological 
processes

(ix) be outstanding examples representing 
significant ongoing ecological and 
biological processes in the evolution and 
development of terrestrial, freshwater, 
coastal and marine ecosystems and 
communities of plants and animals

Ecological and biological processes 
are assessed in Chapters 3 and 8.

Habitats for conservation of 
biodiversity

(x) contain the most important and 
significant natural habitats for in situ 
conservation of biological diversity, 
including those containing threatened 
species of outstanding universal value 
from the point of view of science or 
conservation

Habitats and biodiversity are 
assessed in Chapters 2, 4 and 8. 

Integrity 

The integrity of the property relates to 
its wholeness and intactness. Integrity is 
an additional component (not a criterion) 
of the assessment of the Region’s world 
heritage and national heritage values

The integrity of the property 
is assessed in Chapter 4 and 
Appendix 4. 
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4.2.2 Natural beauty and natural phenomena (criterion vii)
The Reef was inscribed as a world heritage property as an example of superlative 
natural beauty above and below the water.28 The property is noted to have spectacular 
scenery creating an unparalleled aerial panorama of seascapes, and it is visible from 
space.28 At a whole-of-Region level, overall habitats are assessed to be in poor 
condition, affecting aspects of its natural beauty and phenomena. Widespread coral 
mortality (as a result of sea temperature extremes in combination with predation 
by crown-of-thorns starfish) and impacts from severe cyclones, have affected the 
aesthetics and natural beauty of some parts of the Region above and below the water 
(Section 4.5.2).

The Whitsunday islands rank as a cornerstone feature of the world heritage property. The vistas created by the 
vegetated islands, sandy beaches and turquoise seas, remain largely intact above the water. Nearly 90 per cent of 
the Whitsunday islands are retained as national park and restricted access to these areas reduces the impact of 
pressures from human use. However, cyclone Debbie passed through the Whitsundays in 2017, significantly affecting 
its aesthetic values above and, to a large extent, below the water. Management intervention actions carried out 
following the cyclone have gone part way to assisting recovery of the land-based vistas. For example, approximately 
10,000 cubic metres of sand was re-profiled on Whitehaven Beach in April 2017 to accelerate beach recovery. 
Further clean-up activities were undertaken in 2018 (Figure 4.2).35

The natural beauty of the 
property endures, however, it is 
under increasing pressure from 
cumulative impacts above and 
below the water

Figure 4.2 Cyclone damage on Whitehaven Beach, 2017
Whitehaven Beach in the Whitsundays is renowned for its long white sandy beach. 
Left: Post-cyclone clean-up.
Right: Re-profiled beach. © Queensland Parks and Wildlife Service 2017

The significant elements that make up the Reef’s superlative natural phenomena include annual coral spawning, 
migrating whales, nesting turtles and significant spawning aggregations of many fish species.28 These species and 
processes endure, but they are under increasing pressure from cumulative impacts. Closely aligned to the Reef’s 
naturalness are the aesthetic attributes of the Reef (Section 4.5.2), above and below the water. The aesthetic 
values of the world heritage property rely heavily on the condition of the Region’s ecosystem. The condition, trend 
and recovery of the Region’s biodiversity and ecosystem health (the Region’s natural heritage values) are assessed 
in Chapters 2 and 3. The most prominent threats to the Region’s ecosystem include the ongoing chronic effects 
of increased sea temperature, poor water quality782 and acute die-offs of corals caused by spikes in summer 
temperatures. For example, visual elements of inshore underwater scapes are particularly affected by water 
clarity782,783, with Reef users stating water clarity contributes to their aesthetic appreciation of the Reef783,784. These 
threats are compounded by coral predation from crown-of-thorns starfish and the acute effects of recurrent cyclones.

Contemporary studies785 have identified that isolated pockets of the Reef are more likely to be affected by visual 
pollution through increased coastal and island development (Section 6.4) and increased marine debris (Section 
6.5). On the land, damage to coastal and island vegetation from severe weather events has occurred. While the 
Region has shown signs of recovery following these events, aesthetic values can be significantly affected in the short 
to medium term. Examples include where island infrastructure remains unrepaired and habitats are not restored. 
Significant progress towards understanding the human dimensions of the Reef has been made, focusing on societal 
attitudes and how people value the Reef (Section 4.5.1).

Taken as a whole, the Region’s natural beauty and natural phenomena endure but have deteriorated in several areas. 
Since 2014, some elements necessary to maintain outstanding universal value have been altered. Some aspects of 
natural phenomena (for example, coral spawning) have been significantly reduced following back-to-back bleaching 
events96 (Chapters 2 and 3).
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4.2.3 Major stages of the Earth’s evolutionary history (criterion viii)
The Reef has evolved over millennia, but it is relatively young in geological terms. The continental shelf upon which 
the Reef has formed was largely in place by approximately 2.6 million years ago.786 Although it was capable of 
supporting reef growth, it appears widespread coral reef development (similar to contemporary inshore shoals) did 
not occur until after 700,000 years ago.787 True reef growth, comparable to that of the modern reef, took place prior 
to approximately 450,000 years ago.788

Since that time, there have been at least six phases of reef growth during periods when interglacial sea-levels 
have inundated the continental shelf, punctuated by six periods of emergence when sea-levels fell during glacial 
periods.787,788 In the context of Earth’s evolutionary history, long-term active calcification and accretion, which 

are important ecological and biological processes, add to its outstanding universal 
value.789 Since 2014, scientific understanding of reef and low-lying island formation, 
the distribution of submerged coral reefs and other key habitats (such as Halimeda 
bioherms), and the effects of a range of processes over the millennia has been 
extended.21,790,791,792,793 While the Reef continues to provide outstanding examples of the 
Earth’s evolutionary history and geomorphological diversity, such as Raine Island and the 
Ribbon Reefs32, unprecedented recent disturbances, as outlined in Chapters 2 and 3, 
will have long-lasting effects.

Many reefs have experienced significant episodic pauses in reef growth that lasted for several centuries during the 
mid to late Holocene.122,791,794 Numerous studies have considered the cause of these turn-off periods, including 
falling sea level, resuspension of terrigenous material (from the erosion of rocks on land) and severe cyclones, all of 
which may explain a gap in the core data implying a hiatus in reef growth.21,794,795 An analysis of sediment cores has 
established a new estimate for the duration of the last significant interglacial period of reef growth in the southern 
Reef: from at least 129,000 to a younger 121,000 years ago.795 Reef and coral cores provide a reliable history of reef 
growth796 and environmental information (such as water chemistry), which can extend back decades to centuries 
depending on the length of the core.509 Coral cores from the Great Barrier Reef (and reefs globally) indicate that coral 
calcification rates have decreased in the last 25 years797 as a result of extreme temperatures and coral bleaching.

The Reef’s ability to regenerate and laterally extend seaward over millennia following periods of climatic and sea-
level change is well documented.21,795 However, processes that influence reef formation and maintain sediment 
accumulation on reef islands (for example, ocean acidification, sea temperature and sea-level rise) are intensifying 
in a negative way due to climate change32,485,798, and pose the greatest threat to the Reef’s contemporary 
geomorphology.799,800 This intensification will change how reefs and low-lying islands grow and maintain their shape.31 
The ecological process of reef building has deteriorated since 2014 and is considered poor (Section 3.4.8). Due 
to these widespread threats to geomorphology, the Reef’s resilience is decreasing and its size is becoming a less 
effective buffer for this world heritage criterion.

Overall, there has been alteration of some elements important to major stages of the Earth’s evolutionary history, such 
as accretion, sea-level rise and sea temperature. This component has deteriorated since 2014.

4.2.4 Ecological and biological processes (criterion ix)
Ecological and biological processes form part of the Reef’s outstanding universal value. The assessment of this 
criterion is considered against these processes being intact across the whole of the property. Processes are 
assessed on the system’s ability to maintain its structure and function in the face of external pressures.

At a Region-wide scale, ecosystem processes have not ceased to operate. However, ecological and biological 
processes that are fundamental to a functioning ecosystem (for example, reef building, recruitment and symbiosis) 
are considered to be in poor condition (Chapter 3). This poor condition is partially dependent on the condition of 
other physical and chemical processes, like sediment exposure and nutrient cycling. Some ecological and biological 
processes remain in very good to good condition, such as primary production, microbial processes, and herbivory.

Reefs, islands, cays and the mainland remain connected by functioning ocean current systems and weather patterns. 
However, since 2014, the condition of one of the most critical physical processes, sea temperature, has deteriorated 
to very poor condition across a wide area as a result of climate change. This has led to substantial changes in 
some processes. The global significance of the Reef continues to be underpinned by the form and structure of its 
organisms, as well as the interconnectedness of the Reef’s complex physical, chemical and ecological processes.28 
Overall, the condition of processes across the Region is variable, with deterioration in some areas. The potential 
implications on the Region’s intactness is assessed in Section 4.2.6. 

While the current impacts and 
changes from disturbances are 
minor on an evolutionary scale, 
they are unprecedented and 
will be long-lasting
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4.2.5 Habitats for conservation of biodiversity (criterion x)
The Reef’s biodiversity, its vast network of habitats and range of species, is an important part of the Region’s 
outstanding universal value. The assessment of the Reef’s biodiversity under criterion (x) is considered as a value 
distributed throughout the whole of the property. While the Reef continues to be 
one of the most remarkable places on Earth, for the first time since Outlook Report 
assessments began in 2009, habitat loss and degradation has occurred in a number 
of areas, its condition overall is poor and biodiversity is being affected (Chapter 2). Key 
habitats, such as coral reefs and seagrass meadows, are considered to be in very poor 
and poor condition, respectively. More spatially extensive habitats, such as lagoon floor 
and the water column, are considered to be in good condition (with the latter borderline 
poor), although there is less confidence in these grades due to limited data.

The habitat and species condition grades reflect the increasing cumulative pressures the Region faces from a 
changing climate and other anthropogenic impacts. Multiple disturbances have transformed coral reef structures on 
a broad scale across the entire Region95,97 and cumulatively hindered the recovery of some coral-dependent species 
(Sections 2.3.5 and 8.3.1). Historically, the Region’s size has provided a buffer to periodic and dispersed damage, 
due to its broad latitudinal extent. Given the global scale of human-induced climate change, the size of the Region is 
becoming a less effective buffer to some broadscale impacts.

At the time of inscription in 1981, some 400 species of corals in 60 genera were known to occur in the Region.28 It 
is now known the Region is home to more than 1200 species, including hard and soft corals.203,204 World-leading 
management decisions are based on scientific exploration that continues to uncover and expand current knowledge 
of the Reef. For example, in 2014 a new species of mangrove (Bruguiera hainesii), never before recorded in Australia, 
was found in the Trinity Inlet, Cairns.170 This species is listed as critically endangered on the Environment Protection 
and Biodiversity Conservation Act 1999 (Cth). The scalloped hammerhead shark (Sphyrna lewini) has recently 
been listed as a ‘conservation dependent’ species under Commonwealth legislation (Section 2.4.8).294,801 In 2016, the 
northern Great Barrier Reef hawksbill turtle population (Eretmochelys imbricata) was reclassified under Queensland 
legislation from vulnerable to endangered (Section 2.4.10).322

Habitats for conservation of biodiversity are deteriorating, with observed loss and alteration of many elements 
necessary to maintain outstanding universal value. The potential implications on the Region’s intactness is assessed 
in Section 4.2.6.

4.2.6 Integrity 
Integrity is a measure of the wholeness and intactness of a place’s natural heritage 
value781, and is an important prerequisite for a property to be inscribed on the World 
Heritage List. UNESCO recognises that the Great Barrier Reef is not a pristine 
ecosystem781 and exists in a dynamic state. Because the dynamic state involves 
interaction with people, management and domestic policies are an element of the 
integrity test. The current condition and trend of the biodiversity and ecosystem health 
of the Reef informs the integrity test.

The spatial extent of the World Heritage Area has remained generally unchanged since 
the time of inscription. The property’s size, at least for some of its habitats, is becoming 
a less effective buffer against ongoing multiple Reef-wide disturbances (Appendix 4). The widespread loss of coral 
habitat, warming seas and intensifying external pressures from outside the Region are affecting the property’s 
intactness.

The multi-tiered governance and management regime for the Reef aims to protect its biodiversity, ecosystem and 
heritage values through management tools, such as the Great Barrier Reef Marine Park Zoning Plan 2003, and 
enforcement. However, this multi-tiered management regime is not designed to directly address the effects of a 
changing climate. Climate change remains the greatest risk to the outstanding universal value of the World Heritage 
Area and its integrity. As such, managers are increasingly intervening where critical habitats or species require 
assistance. Some measureable benefits are being seen at a local scale, where timely actions were taken (Chapter 8). 
The effectiveness of the tools currently used to manage these pressures are independently assessed in Chapter 7. 
While the property remains whole and intact, the condition of many elements that make up the four world heritage 
criteria are deteriorating.

Overall, habitats for 
conservation of biodiversity  
are deteriorating

Human-induced climate 
change is challenging the 
integrity of the World Heritage 
Area; its size is becoming a 
less effective buffer against 
broadscale impacts
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4.3 Current condition and trends 
 — Indigenous heritage values

Four components of Indigenous heritage values are graded. The component ‘cultural 
practices, observances, customs and lore’ remains in good condition. The remaining three 
components continue to be poor. 

Full assessment summary: see Section 4.6.2

n

Indigenous heritage is living heritage because Traditional Owners continue to maintain a connection with their 
heritage. Indigenous heritage is all-encompassing and includes natural components, such as species and ecological 
processes. Many traditional cultural practices include plants, animals and places. In this way, the condition of natural 
components of the Region are inseparable from Indigenous cultural identity (Figure 4.3). Therefore, the natural 
heritage values assessed in Chapters 2 and 3 are fundamental to the condition of Indigenous heritage values and 
Traditional Owners’ connection to land and sea country.

Indigenous heritage values are recognised nationally as a standalone heritage domain (Table 4.1). Information on 
Indigenous heritage values are presented under the following four discrete components:

• cultural practices, observances, customs and lore
• sacred sites, sites of particular significance and places important for cultural tradition
• stories, songlines, totems and languages
• Indigenous structures, technology, tools and archaeology.

In reality, these components are interconnected and the description of each value should be viewed in this context.

Storylines

Totems

Cultural 
practices

Indigenous 
structures

Songlines

Sacred sites

Figure 4.3 Nature is inseparable from Indigenous cultural identity
Songlines, stories, cultural practices, significant places, totems, structures and other elements of tangible and intangible Indigenous heritage 
weave people and the natural world together.
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The Region is rich in Indigenous heritage. A survey of 
approximately 1900 people (tourism operators, tourists and 
commercial fishers) identified that people valued the Reef 
because of its rich traditional heritage785. People also value the 
Reef because it provides a place where people can continue 
to pass down wisdom, traditions and a way of life. Traditional 
Owners perceive heritage as everything in sea country, 
recognising that Indigenous heritage is biocultural (meaning 
heritage is dependent on biological resources, tradition and 
knowledge)802 and includes the environment and intangible 
components.

In 2017, the Marine Park Authority undertook extensive 
consultation with Traditional Owners of the Reef to identify 
how Indigenous heritage can be better recognised, protected 
and managed.803 The consultation led to several indicators 
that have been identified in the Marine Park Authority’s 2019 
Aboriginal and Torres Strait Islander Heritage Strategy for 
the Great Barrier Reef Marine Park.803 The strategy aligns 
with the four Indigenous heritage components assessed 
in the Outlook Report. Traditional Owners also validated 
indicators for the Reef 2050 Integrated Monitoring and 
Reporting Program (RIMReP) targets and objectives under 
the Strong Peoples – Strong Country framework (Figure 4.4). 
Coastal development, climate change, and loss of Indigenous 
knowledge are considered the greatest threats to Indigenous 
heritage values (Chapter 9).

4.3.1 Cultural practices, observances, customs and lore
Cultural practices, observances, customs and lore are aspects of Indigenous heritage 
values that are passed down from generation to generation. They can form an important 
aspect of day-to-day life, such as satisfying personal, domestic or communal needs, 
such as fishing and collecting. This component includes skills, folklore, rituals, religious 
beliefs and intellectual traditions. Approximately 20,000 years ago, the sea level around 
the Australian coast was around 120 metres lower than present.804 Traditional lands 
would have extended out to the continental shelf; these areas are now underwater. The 
earliest direct date for traditional use of coastal resources in the Reef is approximately 
6440 years ago, when sea level stabilised at close to its current position, with evidence 
of foraging for oysters and gastropods around the Whitsundays area.805 The long established cultural practice of turtle 
and dugong hunting, dating back at least 5000 years ago806,807, is linked to spiritual renewal808, and while technology 
has evolved over time, the practice itself remains a critical part of cultural practice, observances, customs, and lore.809

While there have been advances in technology over time (for example, global positioning systems and cultural 
heritage databases), cultural practices, observances, customs and lore is largely intangible and can be difficult to 

record. Some Great Barrier Reef Traditional Owner 
groups manage databases and records of these 
values. One of the greatest threats to this type of 
Indigenous heritage is loss of Indigenous knowledge 
if Elders and knowledge keepers pass away and/or 
knowledge transfer does not occur. Other contributing 
threats include difficulties Traditional Owners face in 
exercising their cultural rights and responsibilities. For 
example, if access to an area important for cultural 
observance is blocked (by infrastructure) or reduced 
(through increased visitation by other users) it affects 
the ability for the transfer that knowledge to younger 
generations. There have been ongoing attempts to 
erode these rights through lobbying to ban turtle and 
dugong hunting810, on animal cruelty grounds, and 
where the cultural practice occurs in the vicinity of 
tourism activities (for example, around Green Island).811

Figure 4.4 Strong Peoples – Strong Country
The Aboriginal and Torres Strait Islander Heritage Strategy803 
supports the development of Indigenous heritage indicators 
and monitoring to assess the condition of Indigenous heritage 
values over time through the Reef 2050 Integrated Monitoring 
and Reporting Program (RIMReP). As part of this program, 
an Indigenous Heritage Expert Group identified six key hubs 
relevant to Strong Peoples – Strong Country: country health; 
people’s health; heritage and knowledge; culture and community; 
education; and empowerment and economics. Source: Artwork for 
Strong Peoples – Strong Country. © Luke Mallie, Mallie Designs (licensed 
for use by RIMReP partners).

Traditional Owners at the entrance to Leekes Creek, Great Keppel  
Island — launched as a protected fish habitat area in 2017. © GBRMPA

Indigenous heritage is all-
encompassing and includes 
natural (biodiversity) and  
other (aesthetics of a 
landscape) components
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Access to country is an important aspect of maintaining cultural practices, observances, customs and lore. In 
2017, over 30 Woppaburra Traditional Owners from the Keppel Island group attended the launch of a culturally and 
ecologically important fish habitat area at Leekes Creek (Balban Dara Guya) on Great Keppel Island. The fish habitat 
area, declared under Queensland legislation, is the first to be declared on an off-shore continental island to have an 
Indigenous language name as its primary title.

4.3.2 Sacred sites, sites of particular significance and places    
 important for cultural tradition
Sacred sites, sites of particular significance and places of cultural tradition are tangible aspects of the Region’s 
Indigenous heritage values. The locations of sacred sites are not widely known outside Traditional Owner groups 
to respect cultural traditions and protect the sites. A public record of mapped Indigenous heritage archaeological 
studies (Figure 4.5) includes large areas of the Reef coastline for which there are few or no archaeological studies. 

This lack of knowledge is most pronounced between Princess Charlotte Bay and the 
tip of Cape York and south to Goold Island (excluding Lizard Island where several 
studies have been undertaken). In addition, only 16 of the approximately 900 islands 
in the Region have dated archaeological sites, contributing to a lack of understanding 
and recognition of these important areas in management frameworks, such as spatial 
planning and permitting. In addition to terrestrial and intertidal sacred sites, many sites 
lie submerged within the inner and mid-shelf reefs. These nearshore locations have 
been influenced by glacial and interglacial cycles on sea level. Sacred sites and sites of 

particular significance also contribute to intangible aspects of heritage and are closely linked to customary practices 
and songlines. It is unclear how the condition of tangible aspects (sacred sites and sites of particular significance) and 
intangible aspects (for example, songlines) have changed since 2014. However, it can inferred that in areas where the 
habitat has been modified (such as port expansions and island marina development), or areas significantly degraded 
by severe weather and climate change, impacts to this type of Indigenous heritage value would have occurred.

The Keppel Island region is one area that has 
been studied and well documented. This area 
has numerous published records of sacred 
sites, burial grounds, middens and sites of 
significance.813 The site at Mazie Bay is the 
most archaeologically significant in the Keppel 
Island group, with numerous occupation sites 
dating from approximately 4200 years ago.813 
In 2017, the Woppaburra Traditional Owners 
worked with the Marine Park Authority to detail 
some sites of importance on their country and 
developed guidelines for consideration in the 
permitting and assessment processes.814

Scarred trees made by Aboriginal and Torres 
Strait Islander peoples through the removal of 
bark and some of the wood to make canoes, 
are important features of the Indigenous 
cultural landscape. Middens are also sites 
of importance to Aboriginal and Torres Strait 
Islander peoples and have archaeological 
significance. They are often material remains 
of historically important communal food 
preparation areas, burials and toolmaking 
areas. Middens are often located in intertidal 
areas, which makes them vulnerable to 
severe weather and human interaction.815 
Some records of damage to these material 
Indigenous heritage values are documented 
(for example, middens around Hinchinbrook 
Island and Cape Upstart south of Townsville, 
have been affected by cyclonic activity816,817), 
but managers generally lack knowledge of 

Several sites of Indigenous 
significance within the  
Keppel Island region are  
well documented
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Figure 4.5 Indigenous heritage archaeological studies
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and Torres Strait Islander activities within the Great Barrier Reef Marine Park. 
Source: Adapted from Rowland et al. 2015812
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their location and condition across the Region. Submersion of these artefacts can in some instances protect them 
from anchor damage and human interference (for example, removal of shells from a midden). Whereas, exposed or 
damaged sacred sites along the coast are likely to be more at risk from climate change and severe cyclones.  
Sacred sites and other important material and non-material Indigenous cultural places in the vicinity of areas of 
development or intensive use are more vulnerable to direct human pressure. Damage to sites, whether intentional, 
unintentional or by illegal activities, can result in the loss of irreplaceable material heritage and have other non-material 
implications (such as inability to undertake cultural practices). For example, fishing and collecting cultural practices 
are affected if fish trap rocks are moved and the trap is no longer functional. Other examples include cutting down or 
defacing scar trees. 

4.3.3 Stories, songlines, totems and languages
Knowledge of the environment and the responsibility to maintain all living species, 
places or objects is passed down through generations in stories, songlines, totems 
and languages.818 Stories also interact closely with customs and lore. Stories, songs, 
dance, dress, art and language are expressions of Traditional Owners’ relationships 
with country, people, belief, knowledge, lore, language, symbols, ways of living, sea, 
land and objects — all arising from Indigenous spirituality.819 Stories, songlines, totems 
and languages, and an understanding of their condition and trend, form part of the 
Indigenous knowledge held by Traditional Owners. Managing agencies, such as the 
Marine Park Authority, are working with Traditional Owners to ascertain whether they would like to share knowledge 
for reporting and management purposes.

Historical sea-level rise and changes to the entire northern fringe of the Australian continent around Cape York to 
Princess Charlotte Bay, is reflected within some stories and songlines, which have been recently recorded.820 For 
example, many of the large offshore islands, such as Lizard Island and the Whitsunday islands further south, were 
part of the mainland until about 13,000 years ago, and this is reflected in the stories and histories told.820

For tens of thousands of years, Aboriginal and Torres Strait Islander peoples lived on land that is now the Reef.805 
Aboriginal stories recall the ability to walk across to Hinchinbrook Island and the Palm islands.107 For example, 
Traditional Owners recall that, during the last glaciation, the coastline was the current outer barrier reef and a 
large river entered the Reef near Fitzroy Island (south of Cairns).818 Oral histories from the Yidindji people recall a 
place “halfway between Fitzroy Island and King Beach that was called mugada (‘pencil cedar’) after the trees that 

grew there”.821 This area is now completely 
submerged, forming an inner coral reef habitat 
within the Region.

A totem is a natural object, plant or animal 
that is inherited by individual members of a 
clan or family as their spiritual emblem. Totems 
are an important part of Indigenous cultural 
identity and can be incorporated in song, 
dance, music and tools.822 For the Woppaburra 
Traditional Owners of the Keppel Island group, 
the humpback whale (mugga mugga) is an 
important saltwater spiritual totem and forms a 
core part of their stories and traditional seasonal 
calendar (Figure 4.6); it cannot be hunted or 
harmed. The seasonal calendar demonstrates 
the Woppaburra people’s connection to the 
land and sea — it depicts the tide and ocean 
movements and the coastal flora and marine 
species. In the colder months, when there are 
high tides and low winds (Figure 4.6, bottom left 
of the calendar), Woppaburra Traditional Owners 

know it is the time to forage for mud crabs on short days, and for mullet as they migrate from estuaries in early 
winter.814 The condition of species (Chapter 2) informs an assessment of the condition of totems. Humpback whales 
are assessed to be in very good condition (Section 8.3.7), so that totem is also considered in very good condition. 
However, across the Region, managers (or western scientists) do not have a comprehensive understanding of which 
species are important totems to Traditional Owners. The inherent location-based importance of stories, songlines, 
totems and languages, which can span land and sea, means other uses and pressures on an area can break, 
damage or displace these values.

Storytelling is embedded 
within Indigenous customs and 
cultural practices to encourage 
passing down of knowledge

Figure 4.6 Woppaburra seasonal calendar showing important totems
© Dr Harry Van Issum, artwork by Glenn Barry 2016



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 95

4.3.4 Indigenous structures, technology, tools and archaeology
Indigenous structures, technology, tools and archaeology are tangible aspects of Indigenous heritage values. While 
some structures and sites are located within the Region, many are located on the adjacent coast and islands and are 
important to the Region’s heritage significance. Indigenous structures include dwellings, middens, technology and 
tools used by Aboriginal and Torres Strait Islander peoples. Reef managers do not have a good understanding of the 
condition of Indigenous structures, technology, tools and archaeology.

Some heritage components have been documented (for example, on the Keppel Island group, Lizard Island and the 
Whitsunday islands), but little formal monitoring of their condition occurs. Gaining more knowledge of the location, 
condition and trend of these components will require working with Traditional Owner groups, such as through data-
sharing arrangements, to access Indigenous knowledge. For this to occur, Traditional Owners may require support 
to access country, monitor sites and transmit knowledge. These values may be vulnerable to threats generated by 
coastal development in the Catchment and direct use activities within the Region.

The Region is a focus for coastal resource use by Aboriginal and Torres Strait Islander peoples. Over time, tools 
and technologies have been developed to support activities like shell fishing, crabbing, fin fishing and customary 
harvesting of turtles and dugongs. For example, handmade single-piece bark canoes were used along much of 
the Reef coastline.823,824 The canoes enabled significant journeys (up to 50 kilometres from the mainland) in some 
locations, however it is unclear whether these voyages were uninterrupted journeys or whether people ‘hopped’ 
from island to island.812 Lizard Island, a large granitic island north of Cairns, is the only location on the Reef known 
to contain a record of historic pottery development by Aboriginal people.825 Analysis of pottery shards from the area 
indicate the pottery was made locally on the island using sand and granite.825

4.4 Current condition and trends 
 — historic heritage values

Seven components for Commonwealth heritage values are graded. Processes continues 
to be very good. Rarity, research, characteristic value, aesthetic characteristics, technical 
achievement and Indigenous tradition remain in good condition. 

Full assessment summary: see Section 4.6.3

n

Five components are graded for historic heritage values – other. All components, except 
Commonwealth lightstations, continue to be poor. 

Full assessment summary: see Section 4.6.4

0

Historic heritage values relate to the occupation and use of the Region (including Commonwealth islands) since the 
arrival of European settlers and other migrants. By its nature, historic heritage will continue to evolve, representing 
the flow of history, changing community perceptions and contemporary attributes.826 The assessment of the Region’s 
historic heritage values does not include the heritage values on Queensland islands or parts of the Catchment (above 
low water mark). An exception is applied, however, where values are critical to transmitting (sharing) knowledge about 
the condition and trend of the Region’s historic heritage value (for example, new shipwrecks in the intertidal zone).

4.4.1 Commonwealth heritage value 
The Commonwealth Heritage List, created under the Environment Protection and Biodiversity Conservation Act 
1999 (Cth) (EPBC Act), is a list of natural, Indigenous and historic heritage properties or places owned or managed 
by the Australian Government. Five properties in the Region are on the Commonwealth Heritage List: Low Island 
and Low Islets lightstation; the lightstations on Dent Island, Lady Elliot Island and North Reef (Figure 4.7); and 
the Shoalwater Bay Military Training Area (Figure 4.10). No new places in the Region have been added to the 
Commonwealth Heritage List since 2014.

The condition and trend of Commonwealth heritage values are assessed in Section 4.6.3 against the EPBC Act 
criteria (processes, rarity, research, characteristic value, aesthetic characteristics, technical achievement, and 
Indigenous tradition). Not all places are included for all criteria; only the relevant places are assessed (and noted) 
against each criterion.

Management of the Commonwealth heritage places remains constant. Their management effectiveness is discussed 
in Chapter 7. A noteworthy management initiative since 2014 is the Marine Park Authority’s adoption of the Great 
Barrier Reef Marine Park Commonwealth Heritage Listed Places and Properties Heritage Strategy 2018–21827 in 
December 2017. The strategy fulfils a requirement under the EPBC Act and will be reviewed every three years.
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Low Island and Low Islets lightstation The 
lighthouse was first lit in 1878 and was the first 
lighthouse in the northern part of the Reef (Figure 
4.7).828 The lightstation is situated on Low Island, 
about 15 kilometres north-east of Port Douglas. 
Low Island is included on the Commonwealth 
Heritage List because of its significance to the 
Kuku Yalanji and Yirrganydji Traditional Owner 
groups as part of their Dreamings. No new 
evidence is available regarding the condition  
of the island’s Indigenous heritage values.  
The current condition and trend of the 
lightstation has been monitored by managers 
through an annual monitoring and maintenance 
program. In late 2014, an asbestos audit of 
the lightstation structures was completed and 
a maintenance overcoating of the lighthouse 
structure was undertaken in 2018.830 The display 
at the Low Islets lightstation museum was 
upgraded in 2017. 

The lightstation is situated just above sea 
level on a small unprotected cay (Figure 4.8), 
and is susceptible to sea-level rise. Given its 
location, more frequent intense storms predicted 
under climate change scenarios, could affect 
the historic and Indigenous heritage value 
of the place. The place was included on the 
Commonwealth Heritage List in 2008 against the 
process (importance in the course, or pattern, 
of Australia’s cultural history) and Indigenous 
tradition criteria.828 Despite ongoing management 
and maintenance of this site, published long-
term condition data on these criteria are limited.

Dent Island lightstation The lightstation is 
located four kilometres south-west of Hamilton 
Island in the Whitsundays. The lightstation 
was included as a Commonwealth heritage 
place in 2004.831 The property’s listed values 
include processes and characteristic attributes. 

Extreme weather events are the main threat to the Dent Island 
lightstation, which is situated on the leeward side of the island on 
an elevated rocky outcrop. Exposure to the marine elements also 
makes the structures more vulnerable to corrosion, a problem 
that requires ongoing management. The physical condition of 
the property has been improved since it was outlined in the 
2013 Dent Island Lightstation Heritage Management Plan.831 In 
2013–14, a maintenance overcoating of the lighthouse structure 
was undertaken830 and the winch house and derrick crane were 
significantly refurbished as part of the maintenance program. An 
asbestos audit undertaken for the structures on the island in late 
2014 concluded the buildings and structures were generally in good 
condition. Managers are confident the condition and trend of this 
place’s historic heritage value remain good and improving, however 
published data are limited. 

Lady Elliot Island lightstation was included as a Commonwealth 
heritage place in 2004.832,833 Of the five Commonwealth heritage 
places in the Region, the Lady Elliot Island lightstation is 
recognised for the greatest number of attributes: processes, rarity, 
characteristic, aesthetic characteristic and technical achievement. 
The place’s architectural and structural elements (such as the 
cast iron external cladding) are significant, and the use of timber 
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Figure 4.7 Historic lightstations and lighthouses in the  
World Heritage Area
The historic lightstations and lighthouses in the World Heritage Area 
demonstrate a phase in the evolution of maritime travel through the 
treacherous waters of the Great Barrier Reef. Few lighthouses remain in situ 
in the Region; many have been relocated to the mainland for preservation 
and display. Source: Adapted from Department of the Environment (Cth)828 and 
Department of Environment and Science (Qld)829

Figure 4.8 Low Islets lighthouse, Low Island, 2015
© GBRMPA 2015

Figure 4.9 North Reef lighthouse 
© Australian Maritime Safety Authority 2014 
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framing for the staircase is a rare example of this construction method. The property was outlined in 2012 as being 
generally in a good and stable condition, having been well built and generally well maintained.833 The lightstation is 
located 75 kilometres north-east of Bundaberg. Its location on a remote low-lying vegetated cay makes it susceptible 
to impacts from sea-level rise and extreme weather events. Structural corrosion is the main threat given the place’s 
exposed location. Managers are confident this historic property has maintained good condition since 2014 given the 
maintenance and management actions that have preserved it.832 An asbestos audit was undertaken on the lightstation 
structures in June 2015. However, updated published condition data are limited.

North Reef lightstation The lighthouse was built in 1878 and is located on North Reef, about 77 kilometres 
north-east of Curtis Island off Gladstone (Figure 4.7). It is recognised for its rarity as one of the few lighthouses 

built on a coral reef (Figure 4.9).834 The lightstation is located on a small unprotected 
cay and is susceptible to sea-level rise and any increase in frequency and intensity 
of cyclones. Exposure to the marine environment makes the structures vulnerable to 
corrosion. The property was included on the Commonwealth Heritage List in 2004. 
The lighthouse was fully refurbished in 2011. Failed protective coating systems were 
removed from the internal and external surfaces and the structure was completely 

repainted.830 Its listed attributes (processes, rarity and 
technical achievement) have been well maintained 
and continue to be protected, although up-to-date 
published evidence is limited.

Shoalwater Bay Military Training Area was 
included as a Commonwealth heritage place in 
2004 under several criteria (rarity and technical 
achievement).828 The Commonwealth heritage place 
reflects the boundaries and values of the Shoalwater 
and Corio Bays Area Ramsar wetland and the 
military training area owned by the Department of 
Defence (Figure 4.10). The place spans marine and 
terrestrial ecosystems, and is partly within the Region. 
Shoalwater Bay is an important habitat for several 
listed vulnerable species forming part of the place’s 
rare attributes: dugongs, humpback whales, and 
green, hawksbill and loggerhead marine turtles. The 
condition of these species are varied. Population of 
dugongs are improved (Section 2.4.16) and concerns 
are mounting for the future of the marine turtles 
(Section 2.4.10). Humpback whales are considered 
in very good condition (Section 8.3.7). The place also 
satisfies the processes criterion, being a nationally 
significant place for geomorphological, ecological 
and biological processes in the marine hinterland 
interface. The Shoalwater Bay Military Training Area 
Commonwealth heritage place will, therefore, be 
affected by drivers and pressures, such as climate 
change and anthropogenic threats. The current 
condition is generally monitored as part of the 
ongoing management of the Defence estate. Also, 
condition reports are prepared for the Talisman Sabre 
military exercises that occur in the area every two 
years (Section 5.3).

4.4.2 Other historic lightstations and lighthouses
In 2014, this component was assessed together with the Commonwealth and Queensland historic heritage values. 
Commonwealth heritage lightstations are now assessed separately (Section 4.4.1) to remove duplication. Pine Islet 
lightstation is the only other known historic lightstation in the Region (that is, located on a Commonwealth island, reef 
or cay). Pine Islet lightstation, south-east of Mackay (Figure 4.7), is dilapidated and contains asbestos material. The 
lighthouse was automated in 1985 and relocated to the Port of Mackay in 1995. Pine Islet lightstation is an example 
of historic heritage being lost through modernisation and automation. Its current condition is a data gap.

Regardless of whether historic lightstations remain in situ, are working or have been automated, the place where they 
once stood holds historic heritage value to the Region. In most cases, even if the location of the historic feature is 
known, baseline data on the condition of their historic heritage value have not been systematically identified.

Commonwealth heritage places 
are well maintained 
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Figure 4.10 Shoalwater Bay Military Training Area Commonwealth 
heritage place
The Commonwealth heritage place reflects the boundaries and values 
of the Shoalwater and Corio Bays Area Ramsar wetland and the 
military training area owned by the Department of Defence. 



98 HERITAGE VALUES

Lighthouses and aids to navigation (both historic and modern replacements) are scattered throughout the World 
Heritage Area (that is, including Queensland islands). Lightstations and lighthouses outside the Region are well 
recorded, and many are on the Queensland Heritage List (Figure 4.7). Condition reporting on the historic significance 
of aids to navigation in the Region is a data gap.

4.4.3 Historic voyages and shipwrecks
Shipwrecks are protected for their historic heritage value and maintained for their 
recreational, scientific and educational attributes. Protected zones can be declared up 
to two square kilometres around a relic. Protected zones have been declared for six 
historic shipwrecks in the Region: SS Yongala, HMS Pandora, SS Gothenburg, 
SS Llewellyn, HMCS Mermaid, and the Foam. These wrecks are assumed to be in 
good condition but, because they are in a dynamic marine environment, are assumed to 
be declining at different rates depending on their location.

Since 2014, managers have undertaken several maritime cultural heritage surveys in high-priority sections of the 
Reef, inspecting around 10 shipwrecks (for example, Box 5). Data from this work, often unpublished, have been 
added to the Australian National Shipwreck Database to inform management activities and decisions. Noteworthy 
activities in this period include expeditions in 2015 to the Foam on Myrmidon Reef (Section 8.5.3)835 and the Valetta 
in the Whitsundays in 2016. Archival research on the shipwrecks around Magnetic Island in 2016 resulted in a 
display in the Magnetic Island museum and extensive additional information for the national database. Information on 
physical location, monitoring of current condition and gathering of new evidence for the majority of shipwrecks remain 
poor, but are improving.

Historic shipwrecks and their associated relics older than 75 years, or those declared 
to be historic, are protected regardless of whether their exact location is known. In 
mid-2019, the Underwater Cultural Heritage Act 2018 (Cth) will replace the Historic 
Shipwrecks Act 1976 (Cth) to protect underwater cultural heritage more broadly. 
The enactment of this legislation will extend protections currently afforded to historic 
shipwrecks to aircraft wrecks and other forms of underwater cultural heritage in 
Commonwealth waters. The effectiveness of these and other management tools is 
assessed in Chapter 7. 

Managers have inspected 
around 10 shipwrecks in high-
priority sections of the Region

New laws will protect a  
broader range of underwater 
heritage values, including 
shipwrecks and other forms of 
cultural heritage

Locating our lost maritime heritage — Martha Ridgway 
In late 2018, management agencies 
discovered the Martha Ridgway shipwreck836, 
which was lost over 170 years ago on a 
voyage from New Zealand to Bombay (now 
Mumbai). Martha Ridgway Reef was named 
after the wreck many years ago, yet the 
precise location of the wreck had never  
been established. This reef forms part of 
Wreck Bay near Raine Island in the far 
northern part of the Region. The Martha 
Ridgway shipwreck was found on the reef 
of the same name using a variety of survey 
methods and remote sensing equipment, 
including aerial survey (drone), magnetometer 
survey and visual census. The wreck is 
significant for many reasons, including its size 
and its association with the historic Raine 
Island beacon. In 1844, parts of the wreck 
were used to build the tower, which is now the 
oldest European structure north of Brisbane. Aerial view of the location of the Martha Ridgway shipwreck (the group 

of underwater shapes below the boat in the middle of the image). 
© GBRMPA 2018

BOX 5
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4.4.4 World War II features and sites 
World War II features and sites in the Region include aircraft wrecks (underwater, on Commonwealth islands or in 
intertidal areas), as well as forts and structures on Commonwealth islands. Aircraft wrecks are the dominant World 
War II features in the Region and are listed in the Australian National Shipwreck Database.836 Limited records exist 

on condition or trend for these historic features, partly because none of them have 
the status of being a Commonwealth heritage place, so lack a structured monitoring 
plan. Wrecks and other underwater features are susceptible to damage from severe 
weather events through physical movement and abrasion from wave action containing 
suspended sediments. The abrasive action often removes the protective marine 
growth, exposing the fabric of the site to corrosion and frequently uncovering fragile 
artefacts.837 Most World War II features and sites are on the mainland or on Queensland 
islands outside the Region. However, limited progress has been made in systematically 

recording the majority of other relics. On a Reef-
wide scale up-to-date information on condition is 
generally unpublished, even though five inspections 
of World War II features and sites have been 
undertaken since 2014.

The Marine Park regulations were amended in 
2015 to protect underwater maritime cultural 
heritage through special management areas. In 
2013, the wreck of a Catalina PBY 5 flying boat 
(A24-24) was found off Bowen. In the same year, a 
second Catalina A24-25 wreck was located off the 
Frankland islands about 50 kilometres south-east 
of Cairns. Special management areas, each one 
kilometre square, are now in place around these 
wrecks. In 2013, underwater historic aircraft and 
associated relics located in Commonwealth waters 
outside a special management area, had no 
specific legislative protection. In mid-2019, the new 
Underwater Cultural Heritage Act 2018 (Cth) will include mechanisms to provide protection to any aircraft or aircraft 
relic discovered in the Region that is over 75 years old or declared to be historic. The management effectiveness of 
historic heritage, which includes underwater historic aircraft wrecks and relics, is addressed in Chapter 7.

4.4.5  Other places of historic significance
Other places of historic significance in the Region include tangible components, such as structures, ruins or wrecks. 
There are also intangible components, such as sites where the mistreatment of Indigenous peoples occurred, 
(for example, drowning caves in the Keppel islands814), sites of early explorations, and places with strong science 
exploration history, such as Low Isles and Lizard Island.

New evidence is improving understanding about human occupation in the Region before European settlement 
by people not of Aboriginal or Torres Strait Islander heritage. For example, early Polynesian and south-east Asian 
artefacts found in the Region provide an added 
dimension to the historic significance of the Great 
Barrier Reef.838 Reef names and the associated 
stories honouring prominent people connected to 
the Reef also provide an important record of the 
people’s historic significance. For example, in 2014 
a reef was named in honour of the late Dr Bob 
Endean (1925–1997), a leading marine biologist 
and ecotoxicologist during the 1960s environmental 
movement.839 Bob Endean Reef is located 
approximately 65 kilometres east of Mission Beach, 
an area where Dr Endean undertook significant field 
research. Five other reefs have been named after 
prominent scientists since 2014. Most intangible 
components of historic significance in the Region 
are either not recorded, or their records have 
not been recovered or have been lost. Published 
evidence about intangible historic heritage values 
remains a significant information gap. 

In 2015, two Catalina aircraft 
wrecks were protected through 
special management areas

Catalina A24-25 wreck located off the Frankland islands, 2013. 
© Kevin Coombs

Carter Reef research platform (offshore Lizard Island), where researchers 
would stay overnight, was demolished in the early 1990s. 
© Australian Museum
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4.5 Current condition and trends — other heritage values

Three components are graded for other heritage values. Social, aesthetic and 
scientific heritage values continue to be in good condition

Full assessment summary: see Section 4.6.5

0

Heritage values include ‘a place’s natural and cultural environment having aesthetic, historic, scientific or social 
significance, or other significance, for current and future generations of Australians’.294,840 Therefore, as well as a 
component being a natural, Indigenous or historic heritage value, a place may also have ‘other’ heritage value — 
social, aesthetic or scientific attributes (Figure 4.11).

4.5.1 Social heritage values 
Social heritage values involve inherited patterns of activities embedded in society by the way communities access, 
use or think about the Reef. The Reef is considered Australia’s most inspiring landmark by the general Australian 
population.785,843 The Reef remains, nationally, the most socially significant natural environment.844 This section 
describes and assesses the range of social heritage values of the Region. The inherent social significance of the 
Region for Traditional Owners is discussed in Section 4.3.

Human dimensions of the Reef have been monitored on a large scale since 2013. 
Up to the end of 2017, more than 12,000 people had contributed to this monitoring, 
representing communities of the Catchment, domestic and international tourists, Reef-
dependent industries, and the broader Australian population.785 How society thinks and 
feels about the state of the Reef is at the heart of the Region‘s social heritage value.

Of the Australian residents surveyed in 2017 (about 1000), 85 per cent were proud of 
the Reef and felt a sense of responsibility to protect it.785,845 They were less optimistic 
about the Reef’s future (54 per cent, down from 56 per cent in 2013). The relationship that Australian residents have 
with the Reef remains positive overall, with around 85 per cent believing that the beauty of the Reef is outstanding 
and is an asset for the Australian economy. Many Australian residents (73 per cent) felt the Reef is part of their 
Australian identity. Climate change, pollution and agricultural run-off were considered by Australian residents to be the 
biggest threats to the Reef.

About 1900 local residents of coastal towns in the Reef Catchment participated in the 2017 survey.785 Of those 
surveyed, over 80 per cent felt that the Reef contributes to their quality of life and wellbeing, and nearly 90 per cent 
felt it supported a desirable and active way of life. The vast majority thought the Reef is an economic asset (96 per 

Aesthetic

Aspects of sensory perception (sight, 
touch, sounds, taste, smell) for which 
supplementary criteria can be stated. 
These criteria may include 
consideration of form, scale, colour, 
texture and material of the fabric or 
landscape, associated with the place 
and its use

Social

The inherited pattern of 
cultural activity present in 
a society

Scientific

A place’s potential to yield 
information that will 
contribute to the scienti�c 
understanding of a place’s 
natural history 

Other heritage values
Reg 116A Great Barrier Reef Regulations 1983

An assessment of other heritage values
of the Region that are given a grade

Figure 4.11 Other heritage values
The Outlook Report assesses ‘other heritage values’ in addition to the components outlined in the Marine Park regulations. 
Some overlap occurs between this assessment and the heritage matrix in Figure 4.1. Source: Commonwealth of Australia840,841 and 
Pocock et al. 2002842

For Australians, the Great 
Barrier Reef remains the  
most socially significant  
natural environment
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cent); supports a variety of fish and corals (about 96 per cent respectively) and enables environmental appreciation 
through scientific discoveries (nearly 90 per cent).785 The strong cultural and economic connection to the Reef among 
local residents is evidenced by the Reef supporting thousands of jobs in the tourism, fishing and research industries, 
both directly and indirectly (Section 5.1).846

The Reef attracts tourists from all over the world. Tourism on the Reef occurs because of, and contributes to, the 
Reef’s ongoing social significance, which is part of its outstanding universal value. In 2017, about 1800 domestic 
and international tourists participated in a survey; most felt strong stewardship for the Reef and the environment. The 
majority of tourists (83 per cent) indicated they “would like to do more to help protect the Great Barrier Reef”, and 
81 per cent felt a sense of personal responsibility to protect the Reef.785. Ratings for different values associated with 
the Reef (including its biodiversity, scientific heritage, lifestyle and international icon values) were higher in 2017 than 
those reported in 2013. However, tourists’ ratings of optimism for the Reef’s future fell significantly.847 Climate change, 
pollution and tourism were perceived as the three most serious threats to the Reef by tourists. Among international 
tourists surveyed in 2017, 78 per cent indicated belief that “climate change is an immediate threat requiring action”. 
Among domestic tourists, this proportion was 67 per cent.

Other heritage values of the Region have social significance to the community. For example, the shipwreck SS 
Gothenburg located near Cape Upstart, near Townsville, has connection with three Australian communities,  
including Darwin, Adelaide and Queensland. Of the 125 people on board, 106 drowned, including all women and 
children.848 However, contemporary evidence about the condition of the social significance of most heritage values, is 
lacking. Enquiries into the human dimensions of the Reef have notably extended knowledge of some social elements 
since 2014.

4.5.2 Aesthetic heritage values
The Reef is still strongly associated with beauty, but it is also perceived as being in danger and under threat.844 

Enquiries into the human dimensions of the Reef continue to uncover the extent and nature of peoples’ relationships 
with the Reef, the Reef attributes they value783 and trigger points at which people feel 
change and/or damage to the Region is too great.785,849

In 2017, about 1900 local residents were surveyed. The relationship between how proud 
people are of the Reef as a World Heritage Area (Section 4.5.1) and the importance 
they place on the spectacular aesthetic beauty of the Reef was evident in the majority 
of those surveyed (95 per cent).783,785 As an indicator, the value people place on the 
aesthetic beauty of a location may be a reason people are motivated to take care of 

natural places.783 A linked analysis in 2019 explored the community’s level of ecological grief and emotional response 
to disturbances like coral bleaching.850,851,852 The results suggested around half of all residents, tourists and tourism 
operators, and around a quarter of fishers felt a strong sense of grief related to Reef disturbances caused by mass 
coral bleaching in 2016 and 2017.

The aesthetic heritage values of the Region cover land and sea — seascapes (fish, coral structure), island vistas and 
coastal landscapes. While new information is available on community perceptions such as “a coral reef without fish 
is like a playground without the laughter”783, evidence on the current condition of the tangible elements of aesthetic 
heritage values is lacking.

Island vistas have legacy impacts from, and continue to be modified by, coastal and island development. Additionally, 
numerous severe weather events since 2014 have damaged these land-based backdrops. Few contemporary 
studies have considered island vistas and other elements of the Reef’s aesthetic heritage value, making it difficult to 
determine their current condition.

The emerging social-ecological field continues to expand methodologies to improve techniques in monitoring 
aesthetic heritage values, using potential indicators783 and computations853 of aesthetic value. However, ongoing 
examination of which locations or biophysical elements are the most important to the Reef’s spectacular seascapes 
and scenery, remains an information gap. Evidence about the condition of the aesthetic heritage values of the Region 
is inferred from the condition of the Reef’s natural heritage values assessed in Chapters 2 and 3.

4.5.3 Scientific heritage values
Scientific heritage value is not well-defined. However, in general terms it is a place’s potential to yield information 

that will contribute to the scientific understanding of the place’s natural history.841 When 
coupled with the meaning of ‘heritage’ — being ‘our legacy from the past, what we live 
with today, and what we pass on to future generations’854 — the scientific heritage value 
of the Reef encompasses human knowledge of the land and sea.

Spectacular scenery and 
seascapes contribute to the 
aesthetic appeal of the Region

Scientific discoveries are 
critical to understanding and 
preservation of a place’s natural 
and cultural history
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The history of the current Great Barrier Reef dates back at least 450,000 years. Human knowledge of the land 
and sea pre-dates European occupation. Through the Reef’s Traditional Owner history, knowledge is preserved in 
stories and songlines that have been passed down through generations. The Reef’s modern scientific legacy (post-
European arrival) began with early European voyages to a great south land, such as the expedition of Endeavour 
in 1770 with British botanist Joseph Banks. Many centuries later, the first contemporary detailed scientific study of 
the Reef occurred at Low Isles in 1928–1929.855 In the 21st century, the marine science research and management 
community provides a measure of Australia’s focus on transmitting the scientific heritage value of the Region to future 
generations. The Reef’s prominence through long-term studies and scientific literature is strong. Between 2014 
and early 2019, around 2000 scientific journal articles about coral and social values in the Great Barrier Reef were 
published, and citations of these number in the tens of thousands.856

A 2017 survey quantified society’s perception of the importance of the Reef’s scientific heritage value.785 Tourists and 
local residents said they valued the Reef because they can learn about the environment through scientific discoveries 
(90 and 89 per cent, respectively). Those surveyed placed a strong emphasis on the aesthetic beauty of the Reef 
(Section 4.5.2), which is intertwined with the need for ongoing scientific evidence about the Reef. People’s desire to 
preserve and understand the Reef and its spectacular scenery continues to inspire scientific exploration. As a result, 
the condition of the Reef’s scientific heritage value continues to improve.

4.6 Assessment summary — Heritage values
Paragraph 116A(2)(a) of the Great Barrier Reef Marine Park Regulations 1983 requires ‘… an assessment of the 
current heritage values ...’ of the Great Barrier Reef Region.

The assessment of the Reef’s heritage values has been considered against their inherent components and attributes, 
namely:

• natural heritage values – world heritage value and national heritage value
• Indigenous heritage values
• historic heritage values – Commonwealth heritage values and other historic heritage values
• other heritage values.

Since 2014, the assessment of historic lightstations has been refined. The Commonwealth heritage places were, and 
continue to be, assessed under the Commonwealth heritage values (Section 4.6.3). Other historic lightstations are 
assessed separately in Section 4.6.4.

4.6.1 Natural heritage values — world heritage value and national   
 heritage value
The assessment statements for Section 4.6.1 regarding natural heritage values are standalone and relevant to the 
assessment of the world heritage and national heritage values only. 

Grading statements — natural heritage values Trend since last report

Very good
All elements 
necessary to 
maintain the 
outstanding universal 
value are essentially 
intact and their 
overall condition is 
stable or improving. 
Available evidence 
indicates only minor, 
if any, disturbance 
to this element 
of outstanding 
universal value.

Good
Some loss or alteration 
of the elements 
necessary to maintain 
the outstanding 
universal value has 
occurred, but their 
overall condition is 
not causing persistent 
or substantial effects 
on this element of 
outstanding universal 
value.

Poor
Loss or alteration 
of many elements 
necessary to maintain 
outstanding universal 
value has occurred, 
which is leading to a 
significant reduction 
in this element of 
outstanding universal 
value.

Very poor
Loss or alteration 
of most elements 
necessary to maintain 
the outstanding 
universal value has 
occurred, causing 
a major loss of 
outstanding universal 
value.

 
Borderline
Indicates where a 
component or criterion 
is considered close to 
satisfying the adjacent 
grading statement. 

h 
n
i
0

Improved

Stable

Deteriorated

No consistent trend

Confidence

Adequate high-quality 
evidence and high level 
of consensus

Limited evidence or 
limited consensus

Inferred, very limited 
evidence
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Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

i

Natural heritage values – world heritage value and national heritage value The Reef’s world 
heritage and national heritage value represents the outstanding universal value of the Region. 
Outstanding universal value remains, however, the grade is borderline with poor because the 
condition of the property has deteriorated to varying extents with respect to criteria vii, viii, ix 
and x. While the property remains whole and intact, ecosystem resilience is deteriorating and the 
property’s size is becoming less effective as a buffer against these disturbances.

i

Natural beauty and natural phenomena: At a broad scale, the Region retains much of its 
spectacular scenery. However, its natural beauty is being affected in some areas (for example, by 
poor inshore water quality). Components of natural phenomena, such as turtle breeding, whale 
migration and coral spawning, continue but these elements (criterion vii) are being increasingly 
challenged by climate change, resulting in the condition being good borderline poor. Much of the 
evidence is inferred from the assessments in Chapters 2 and 3. 

i
Major stages of the Earth’s evolutionary history: The Reef’s ability to regenerate and grow 
over millennia following periods of climatic and sea-level change is well documented. However, 
new evidence has identified that some alteration to processes that influence reef formation, and 
maintain sediment accumulation on reefs and islands has occurred. This alteration is intensifying 
in a negative way due to climate change (criterion viii).

i
Ecological and biological processes: Overall, some ecological and biological processes 
(criterion ix) remain in good condition. However, many ecological processes have deteriorated 
since 2014 due to the combined effects of climate change and inshore land-based run-off. As a 
result, the condition is considered good borderline poor. 

i
Habitats for conservation of biodiversity: The property contains a diverse range of habitats 
(criterion x), many of which are under pressure. Overall, significant habitat reduction and 
alteration in a number of areas has led to persistent and substantial effects on populations of 
some dependent species.

i
Integrity: While the property remains whole and intact, its integrity is deteriorating. An altered 
disturbance regime due to climate change has impaired the resilience of the ecosystem resulting 
in the condition being good borderline poor. The property’s size is becoming less effective as a 
buffer against Reef-wide disturbances. 

Natural heritage values: This component has been absorbed into the assessment of the 
processes and habitats criteria. 

4.6.2 Indigenous heritage values
A series of statements apply to Indigenous, historic and other heritage values, standardising the allocation of grades for  
all components and attributes examined in the assessment, as well as the grade for the criterion.

Grading statements — Indigenous, historic and other heritage values Trend since last report

Very good
Heritage values have 
been systematically 
and comprehensively 
identified and 
included in relevant 
inventories or 
reserves. Known 
heritage values are 
well maintained and 
retain a high degree 
of integrity.

Good
Heritage values have 
been mostly identified 
and included in relevant 
inventories or reserves. 
Known heritage values 
are generally maintained 
and retain much of their 
integrity.

Poor
Heritage values have 
not been systematically 
identified. Known 
heritage values 
are degrading and 
generally lack integrity.

Very poor
Heritage values have 
not been identified. 
Known heritage values 
are degraded and lack 
integrity.

 
Borderline
Indicates where a 
component or criterion 
is considered close to 
satisfying the adjacent 
grading statement. 

h 
n
i
0

Improved

Stable

Deteriorated

No consistent trend

Confidence

Adequate high-quality 
evidence and high level of 
consensus

Limited evidence or 
limited consensus

Inferred, very limited 
evidence
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Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

n
Indigenous heritage values: Aboriginal and Torres Strait Islander peoples are increasingly 
reasserting their role in sea country management and protection of Indigenous heritage. The 
condition and trend of Indigenous heritage values are tied closely to the condition of natural 
heritage values. The condition of many values remains limited.

n
Cultural practices, observances, customs and lore: Loss of Indigenous knowledge is a threat 
to this component. It is assumed that knowledge transfer is being maintained across the Region, 
supported by the expansion in land and sea management and cultural activities. 

n
Sacred sites, sites of particular significance and places important for cultural tradition: 
The locations of sacred sites are not widely known outside Traditional Owner groups, but the 
Keppel island region is well documented. Only a very small portion of the Region has dated 
archaeological sites, contributing to a lack of understanding and recognition of these important 
areas in management frameworks. 

n
Stories, songlines, totems and languages: The location-based importance of this component, 
which can span land and sea, means other uses and pressures can break, damage or displace 
these values. This value is reliant on healthy populations of totemic species, some of which are 
in poor condition. The condition of this component is not well understood by managers and is 
inferred to be poor. 

n
Indigenous structures, technology, tools and archaeology: The location-based importance 
of this component, which can span land and sea, means other uses and pressures can break, 
damage or displace these values. Some heritage components have been documented on and 
around islands, but limited monitoring of their condition occurs.

4.6.3 Historic heritage values — Commonwealth heritage values
Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

n
Commonwealth heritage values: The five places in the Region included on the Commonwealth 
Heritage List retain the values for which they were listed. The condition and trend of most places 
are based on limited published evidence. However, the inference from managers is the properties 
retain their integrity and are in good condition.

h
Processes: The five Commonwealth heritage places in the Region remain in situ. While 
published condition data are limited, managers are more confident than in 2014 that the heritage 
values are well maintained and retain a high degree of integrity. For this reason, the grade has 
improved. 

n
Rarity: The rare architectural features and location of the Lady Elliot Island and North Reef 
lightstations are maintained. The Shoalwater Bay Military Training Area continues to support 
threatened species listed as rare attributes, even though some species are deteriorating. 

n
Research: Research and monitoring of the natural environment continues to expand scientific 
knowledge about the Shoalwater Bay Military Training Area. Condition data are well documented. 

n
Characteristic value: The Dent Island and Lady Elliot Island lightstations are in good condition 
as a result of ongoing management. Condition data are not systematically published, however, 
maintenance programs are recorded. 

n
Aesthetic characteristics: The aesthetic characteristics of the Lady Elliot Island lightstation 
remains in good condition following ongoing maintenance and management. Condition and trend 
data are not published. 

n
Technical achievement: The technical attributes of the Shoalwater Bay Military Training Area, 
and the Lady Elliot Island and North Reef lightstations have not been modified. Condition data 
are not systematically published.

n
Indigenous tradition: Low Island retains its importance as part of the sea country of the Kuku 
Yalanji and Yirrganydji Traditional Owner groups. No new published data are available on 
Indigenous traditions, and so the trend since 2014 is inferred to be stable. 
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4.6.4 Historic heritage values — other
Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

0
Historic heritage values: Many historic heritage components have not been systematically 
identified, resulting in an inferred stable trend for several components. Further investigation since 
2014 has uncovered a lack of evidence on condition and trend across most components, and the 
grade has been updated to reflect this.

n
Commonwealth lightstations: The values of the four lightstations in the Region included on the 
Commonwealth Heritage List have been retained and are in good condition.

Other historic lightstations and lighthouses: The former Pine Islet lightstation is the only 
lightstation attribute located in the Region that is not identified on the Commonwealth Heritage 
List. The site is derelict; the lighthouse was relocated in 1995. Condition reporting on aids to 
navigation is data deficient. 

n
Historic voyages and shipwrecks: The six historic shipwrecks in the Region are well recorded 
and in good but naturally declining condition. However, limited progress has been made on 
systematically recording the majority of other relics. 

n
World War II features and sites: Many of these relics have not been systematically identified. 
Since 2014, two Catalina aircraft wrecks have been protected by special management areas. Site 
expeditions in this period provide some baseline, condition and trend data. 

n
Other places of historic significance: Little change has occurred for this component. Broad 
historic heritage values have not been systematically identified. Condition is not well understood.

4.6.5 Other heritage values
Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

0
Other heritage values: The Region’s scientific heritage value is escalating. The Australian 
people’s concern about the declining condition of the Reef is an emerging observation, as their 
connection to its environment and natural beauty continues to be strong. 

n
Social heritage values: The inherited pattern of cultural activity present in the communities that 
value the Reef is embedded in the way they access, use or think about the Reef. New studies 
show the socio-economic worth of the Region supports strong social heritage values. 

i
Aesthetic heritage values: Aesthetic beauty is closely aligned to the condition of the 
ecosystem. Strong evidence has established that several disturbances have damaged parts of 
the Reef’s naturalness. Widespread and localised impacts are also inferred to have diminished 
some of the Region’s aesthetic heritage values.

h
Scientific heritage values: The long history of Traditional Owners living on, and researchers 
studying, the Reef is significant. The Reef’s prominence in long-term scientific studies continues 
to increase. 



The Reef is still strongly associated with beauty, but is also perceived as being significantly under threat. © Matt Curnock 2017
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4.7 Overall summary of heritage values
The Great Barrier Reef’s heritage values are assessed against natural (world heritage 
and national heritage), Indigenous, historic (Commonwealth and other) and other 
heritage (social, aesthetic and scientific) values.

The Great Barrier Reef remains whole and intact and maintains many of the elements 
that make up its outstanding universal value, as recognised in its world heritage listing. 
However, significant components that underpin all four natural world heritage criteria 
for which the World Heritage Area was inscribed in 1981 have deteriorated since its 
inscription. One criterion — habitats for the conservation of biodiversity — is assessed 
as poor, which aligns with the assessment findings in Chapter 2. Given that the impacts 
from climate change are accelerating, the overall assessment of the Reef’s world heritage and national heritage values 
is good, borderline poor. 

Indigenous heritage includes tangible and intangible heritage and is interlinked with 
the condition of the Reef’s natural components. The effects of acute and chronic 
disturbances in the past five years have affected the condition of the Region’s 
Indigenous heritage value, some of which is irreplaceable (for example, songlines). For 
this reason, material and non-material Indigenous heritage is graded as being in poor 
condition overall with a stable trend. However, the limited evidence available in both 
2014 and 2019 means the confidence in both grade and trend is rated as inferred. A 
noteworthy achievement in this space was the release of the Marine Park Authority’s 
2019 Aboriginal and Torres Strait Islander Heritage Strategy.

The historic heritage values of the five properties in the Region listed on the Commonwealth Heritage List are graded 
as good, having been identified and included in a relevant inventory. Yet, the condition and trend of most places are 
based on limited published evidence. The inference by managers is, however, that the properties retain their integrity 
and are in good condition. 

Other historic heritage components (other lightstations, shipwrecks, aircraft wrecks and 
other places of historic significance) are graded overall as poor. Published condition and 
trend data are lacking for most sites, so confidence in the grade and trend is limited or 
inferred. Positive progress has been made towards gathering evidence on shipwrecks 
and aircraft wrecks. The significant discovery in late 2018 of the precise location of the 
wreck of the Martha Ridgway increased the baseline data for this component.

Other heritage values, including social, aesthetic and scientific, are graded overall as 
good. The significance of the World Heritage Area still transcends national boundaries 
and remains a source of pride for the Australian public broadly. Significant progress has been made since 2014 in 
understanding the human dimensions of the Reef, focusing on societal attitudes and how people value the Reef. The 
social heritage value of the Region is considered to be in good condition.

A 2017 survey of approximately 3900 people living close to, or deriving benefit from, the Reef (local and national 
residents, tourists, tourism operators and commercial fishers) highlighted the wider community’s concern  
about the declining condition of the Reef, as their connection to its environment and natural beauty continues  
to strengthen.847,857

As people’s concerns about the declining health of the Reef increase, the Region’s scientific heritage value continues 
to grow. The connection between emerging science and the natural heritage value of the Region provides adequate 
evidence to assess scientific heritage value.

Overall, human-induced climate 
change is challenging the 
integrity of the World Heritage 
Area; its size is becoming a 
less effective buffer against 
broadscale impacts

The significance of the World 
Heritage Area still transcends 
national boundaries and 
remains a source of pride for 
the Australian public broadly

Indigenous heritage includes 
tangible and intangible  
heritage and is interlinked with 
the condition of the Reef’s 
natural components
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<< Researchers trialing methods of larval replenishment on coral reefs. © GBRMPA
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C O M M E R C I A L  A N D 
N O N - C O M M E R C I A L  U S E

‘an assessment of the commercial and non-commercial use …’ 
of the Great Barrier Reef Region, s 54(3)(c) of the 

Great Barrier Reef Marine Park Act 1975

5.1 Background
The Region has been used for tens of thousands of years by Traditional Owners. Since European settlement, use of 
the Region’s ecosystem has increased through a combination of direct commercial and non-commercial uses (Reef-
dependent uses) (Figure 5.1 and Table 5.1). The Region also supports non-Reef-dependent uses that require access 
through (or to) the area, but do not directly use the natural heritage values of the Region. 

Commercial 
marine tourism

Traditional use

Research and 
educational activities

TT

Rese
educ

Commercial
marine tourism

Traditional useTraditional use

PortsPorts

Shipping

Recreation

Commercial
�shing

Recreational
�shing

Defence activities

Figure 5.1 Commercial and non-commercial uses 
A range of uses occur in the Region; some depend directly on the Reef’s natural heritage values and resources.
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This assessment of commercial and non-commercial uses examines the current condition and trend of the major 
uses of the Region and forms the basis for the Chapter 6 assessment of direct use, a factor that influences the 
Region’s values (Section 6.6). The assessment is based on two assessment criteria:

• economic and social benefits of use
• impacts of use on the Region’s values.

For more than 40 years, implementation of government management plans and policies have had to balance the 
protection of the Region against the needs of communities and industries that depend on the Reef for traditional 
use, social and cultural purposes, and livelihoods. Factors that influence the Region (Chapter 6) have changed and 
intensified over the years, making this management balance more challenging. Management has been, and continues 
to be, based on the best available scientific information and intergenerational knowledge. Chapter 7 assesses the 
effectiveness of the management tools in more detail.

Commercial and non-commercial uses collectively form an important part of the social and economic fabric that 
supports the adjacent communities in the Catchment and the broader Australian and international communities. 
The economic and social benefits of each commercial and 
non-commercial use is considered in terms of its benefit to 
the community and the natural ecosystem more broadly. All 
commercial and non-commercial uses, Reef-dependent or 
not, have the potential to conflict with the long-term protection, 
conservation and function of the Reef’s natural heritage values. 
Therefore, management of these uses is factored into the 
assessment of the potential impacts of these uses.

Tourism, fishing, other recreational uses and scientific activities 
contribute significant benefits to the Australian economy (Table 
5.2). The current (2015–16) estimated total contribution of the 
Reef to the Australian economy is $6390 million (or $6.4 billion) 
per annum, an increase of about 14 per cent since 2011–12.846 
Tourism and recreational uses have increased their value-added 
contribution, while commercial fishing has remained relatively 
stable since the last reporting period. In 2015–16, the Reef 
supported an estimated total national employment of 64,000 
full-time equivalent positions, down from 69,000 in 2011–12858 
(Figure 5.2). This reduction in job figures is assumed to be 
a reflection of various changes in technology and national 
economic drivers, rather than significant job losses.846 
Across the various activities in the Region, scientific research 
(in combination with Reef management) has experienced 
the strongest value-added growth since 2011–12, with an 
estimated increase in employment of about 10 per cent. 
Comparable economic estimates for all commercial and  
non-commercial uses of the Region over time remain a 
knowledge gap.

Table 5.1 Commercial and non-commercial uses of the 
Great Barrier Reef

Figure 5.2 National employment levels within some Reef-
dependent activities, 2006–07 to 2015–16 
Employment numbers are based on direct and indirect full-time 
equivalent (FTE) employment generated by each activity. Indirect 
employment estimates include the contribution from support and 
ancillary goods and services generated by the direct use. Source: 
Access Economics 2008859, Deloitte Access Economics 2013858 and 2017846

A cruise ship at anchor on the Great Barrier Reef. © GBRMPA

Reef-dependent uses 
Non-Reef-dependent 

uses 

• Commercial marine 
tourism

• Fishing (commercial  
and recreational)

• Recreation (not  
including fishing) 

• Research and 
educational activities 

• Traditional use of  
marine resources

• Defence activities

• Ports 

• Shipping
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Table 5.2 Economic contributions to the Australian economy from Reef-dependent 
activities, 2006–07 to 2015–16
Value-added refers to the output after deducting the value of inputs. 
Source: Access Economics 2008859, Deloitte Access Economics 2013858 and 2017846

5.2 Commercial marine tourism

5.2.1 Current condition and trends of commercial marine tourism
Commercial marine tourism is the largest Reef-dependent industry within the Region, contributing significantly to the 
economy and providing access for more than two million tourists each year. The most common tourism programs on 
the Reef include vessel-based day trips to reefs, islands, cays and pontoons. From 2011 to 2016, tourism visitation 
steadily increased from the low experienced during the global financial crisis (Figure 5.3). A slight decrease in visitation 
in 2017 to approximately 2,240,000 visitor days has continued with a marginal increase in 2018.

Figure 5.3 Number of tourism visitor days, 1994–2018 
A ‘visitor day’ is a visit by one tourist for one day. For overnight visits, each day is counted separately (for example, a three-day 
visit by a tourist to the Great Barrier Reef Marine Park is counted as three visitor days). A part-day visit refers to visitors who 
take a trip of less than three hours. ‘Exempt’ refers to visitors who are not required to pay the environmental management 
charge (such as young children, people on trade familiarisation and transfer passengers) as well as those who have already paid 
the environmental management charge on that day for another tour or who are on their fourth and subsequent days of a trip. 
These tourism visitor day statistics do not include stand-alone coral viewing activities or scenic flights. Source: GBRMPA 2019860 

Activity

Australian total value-added  
($million)

2006–07 2011–12 2015–16

Change 
since  

2011–12  
(per cent)

Tourism $5117 $5176 $5700 +10

Commercial fishing 
and aquaculture $139 $160 $162 +1

Recreational use 
(including fishing) $153 $244 $346 +42

Scientific research and 
Reef management - $98 $182 +86

Total contribution $5409 $5678 $6390 +13
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Within the Region, tourism is concentrated in about seven per cent of the area. On average, 86 per cent of tourism 
visits occur within waters adjacent to Cairns, Port Douglas and the Whitsundays. These areas have plans of 
management to manage high visitation (Figure 5.4). Tourism in these areas is concentrated around tourism pontoons, 
popular islands and beaches.

Figure 5.4 Total visitation to the two high-use plan of management areas, Cairns and the 
Whitsundays, 1994–2018 
Source: GBRMPA 2019860

Tourism activities at Hardy Reef off the Whitsundays.
© Matt Curnock

Since 2014, Cairns and the Whitsundays have remained the highest use areas for 
marine tourism. Reef health is critically important to the stability and value of the Reef 
tourism industry.861 Between 2016 and 2018, tourism visitation in the Cairns area slightly 
decreased (five per cent). Tourism visitation also declined in the Whitsundays in 2017, 
to a greater extent (12 per cent), but in contrast to Cairns, visitation to the Whitsundays 
increased in 2018 (Figure 5.4). 

The decline in visitation and changes in tourism use around the Whitsundays were probably a result of damaged 
resorts that had to close, reduced water quality and damage to reef ecosystems following cyclone Debbie, which 
made landfall in Airlie Beach in March 2017. Media coverage of the back-to-back bleaching events around this time 
may have also affected travel plans. In response to the underwater damage, some tourism activity appears to have 
shifted to more island-based activities, while damaged fringing reefs recover. 

Between 2014 and 2017, approximately 66 per cent of tourism visitor days in the Region were spent by visitors  
doing activities run by the 25 most active operators. This proportion is consistent with the previous Outlook Report. 

Management Marine tourism in the Region is well established 
with planning, policy and permit systems in place. The Great 
Barrier Reef Marine Park Zoning Plan 2003 (Zoning Plan)862 
and the complementary Queensland Government zoning 
plan863 list activities that require permission and those that 
are allowed as of right. Commercial marine tourism requires 
permission in every case and can be conducted in almost all 
zones (except Preservation Zones) of the Marine Park and 
several other restricted areas. 

Applications for permission to conduct tourist programs are 
jointly assessed and managed by the Marine Park Authority 
and Queensland Parks and Wildlife Service. In high-use 
tourism areas within the Marine Park, an added layer of 
planning complements the Zoning Plan rules, including 
statutory plans of management for the Cairns, Hinchinbrook 
and Whitsunday planning areas. These location-based plans 
of management manage cumulative use, including by capping 
the number of tourism operations and defining maximum 
group and vessel sizes at specific locations.

Record levels of tourism 
visitation to the Reef have 
occurred since 2014
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Of the numerous policies and guidelines currently approved by the Marine Park Authority, just over half directly relate 
to tourism management. In 2017, the Marine Park Authority updated the permissions system policy and implemented 
further guidelines to provide transparency and certainty about how permits are considered and assessed,  
including for tourism. An established Tourism Reef Advisory Committee continues to inform the development of  
policy and strategic direction in the management of the Marine Park. One of the committee’s key roles is to advise the 
Marine Park Authority Board about actions that can be taken to address the risks to the Marine Park identified in the 
Outlook Report.

In response to cyclone Debbie, managing agencies initiated the largest ever post-cyclone clean-up. Whitehaven 
Beach, on Whitsunday Island, was re-profiled, and visitor infrastructure was increased and upgraded in this area. 
This investment supported ongoing presentation of values to visitors and increased recovery of island beaches. The 
Australian and Queensland governments also provided significant funding through the Tourism Recovery Fund to 
facilitate tourism recovery following cyclone Debbie. The Queensland Government committed an extra $25 million 
towards a Great Barrier Reef Island Resorts Rejuvenation Program. This program promotes adopting renewable 
energy technologies, improved water and waste infrastructure, and conservation and environmental protections 
against weather events.

The Marine Park Authority’s High Standard Tourism Operator program has been in place since 2004. Tourism 
operators who are independently eco-certified are invited to become part of the program, which lets them apply 
for longer-term 20-year permits. Sixty four operators were certified as high standard as at December 2018, an 
improvement from 44 in 2009 (45 per cent increase).

Auditing and reporting are undertaken to make sure high standard tourism operators are meeting certification 
requirements. Following audits in 2015, it was determined that the level of interpretive content delivered by tourism 
guides could be improved to better present the values of the World Heritage Area and how it is managed. 

To address this gap, the Marine Park Authority launched the Reef Discovery Course in 2018. It is a comprehensive 
online training course made freely available to staff within the Reef tourism industry. This course aims to increase 
knowledge of areas such as biology, ecology, geology, heritage and management, and make sure interpretation  
is accurate. 

In 2018, the Marine Park Authority also established the Master Reef Guide program in partnership with Tourism and 
Events Queensland and the Association of Marine Park Tourism Operators. The program aims to train guides to 
provide up-to-date information on the Reef, the World Heritage Area and what visitors can do to protect these places. 
Twenty-six Master Reef Guides had completed the training course as at April 2019.

5.2.2 Benefits of commercial marine tourism
The Reef continues to be recognised locally, nationally and internationally as an iconic nature-based tourism 
experience. Benefits to people can be cultural, social or economic, and they can be linked to wellbeing and a sense 

of identity.785 Commercial marine tourism delivers benefits to both tourists and tourism 
operators. The environment may also benefit (albeit to a lesser extent), because strong 
cultural connections with the environment can empower stewardship and engagement 
in environmental protection.785 Some tourism operators have increased stewardship at 
their local sites through adhering to responsible reef practices, practising small-scale 
permitted coral gardening, and delivering high quality interpretation about the Reef by 
accredited Master Reef Guides. 

Commercial marine tourism contributes significantly to the economy and the estimated icon value of the Reef. 
In 2015–16, tourism was the most prominent direct use of the Region, generating $2.4 billion (value-added) for 
Catchment communities.846 More recent analyses of Reef-dependent and Reef-associated industry value have 
not been undertaken, and remain a knowledge gap. In the year ending December 2018, international visitation 
to Queensland reached approximately 2.8 million, the highest visitation recorded since reporting began in 2005, 
representing a 2.3 per cent increase from 2017. Of this total visitation to Queensland, approximately 51 per cent 
(1.43 million) occurred in tourism regions adjacent to the Reef.864

Culturally, the commercial marine tourism industry benefits tourists by providing access to the Reef and islands, and 
more broadly presenting the values of the World Heritage Area. Approximately half of the 1800 or so tourists surveyed 
in 2013 and 2017 felt the Reef contributed to their quality of life and wellbeing.785 Tourists also derived benefits from 
the Reef through the different ways they value it. Ninety-five per cent said they valued the Reef because it supported 
a variety of life, such as fishes and corals. The status of the Reef as a World Heritage Area was also a recognised 
benefit. Over 65 per cent of tourists stated they valued the Reef for its cultural heritage because it provided a place 
where people can continue to pass down their wisdom, traditions and way of life.785

From a wellbeing perspective, 88 per cent of tourists surveyed in 2017 thought the Reef supported a desirable and 
active way of life. Commercial marine tourism operators also derive social benefits from the Reef with 89 per cent 
feeling that the Reef contributed to their quality of life and wellbeing.785

The Reef is an iconic  
tourism destination
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The strong connection both tourists and tourism operators feel to the Reef translated into positive intentions to help 
with environmental issues. For example, in 2017, tourists visiting the Reef indicated strong aspirations to do more to 
help the Reef, with 62 per cent believing they had personal capacity to make a difference.785 Eighty-five per cent of 
tourism operators interviewed aspired to do more to help protect the Reef, and 68 per cent thought climate change 
was an immediate threat.785 

While most tourists (approximately 80 per cent) were highly satisfied with their Reef experience, tourists interviewed 
in 2017 thought the condition of the Reef had deteriorated since 2013. The scores with the greatest decline related 
to a perception of deteriorated reef condition by international tourists. In contrast to the tourists’ perception of 
deterioration, Reef tourism businesses remained highly optimistic about the future.785,847 The value tourists place on 
the Reef and their desire to learn more about its condition and help protect it has increased significantly over time.847

5.2.3 Impacts of commercial marine tourism
Commercial marine tourism activities can pose threats to ecosystem and heritage values. The most significant of 
these include: incompatible uses (where tourism use may displace or affect another user group, such as Traditional 
Owners or recreational users); groundings of vessels; emissions (both from air travel and vessel operations); and, in 
some locations, marine debris and discharge of sewage. 

Commercial marine tourism can leave a direct or indirect footprint on the values of the Region. Direct effects include 
damage to coral by snorkelling tourists and the footprint left by concrete mooring blocks associated with tourism 
pontoons. Indirect effects are harder to measure and can include displacement of other users by tourism use and 
changes in behaviour of animals that are fed or harassed at tourism sites.

Globally, tourism is responsible for five per cent of the world’s fossil fuel consumption and associated carbon 
emissions.865 Given the large distance of mid and outer-shelf reefs from the Queensland mainland, fuel consumption 
in the Reef tourism industry is likely to be far greater than at other locations where reefs are in closer proximity (for 
example, Ningaloo, Western Australia). The Reef (like Australia) is also typically a long-haul destination for visitors 
from most countries, so carbon emissions associated with international visitation are higher than those for other 
tourist destinations. An integral part of the assessment for the High Standard Tourism Operator program is providing 
evidence that the tourism operation is dedicated to reducing carbon emissions and committed to sustainable 
practices that address climate change.

High-use areas offshore from Cairns, Port Douglas and the Whitsundays may each 
receive 200 to 400 tourists per day. Concentrated snorkelling and diving in these areas 
is likely to cause some level of direct and indirect damage to ecosystem and heritage 
values. Site-specific tourism operations mitigate impacts through guided snorkel tours, 
trails and resting stations that reduce contact with corals. Physical damage to reefs 
and shoals can be caused by the grounding and, in some cases, sinking of tourism 
vessels in the Region. These groundings are only a small proportion of the total 
vessels operating in the Marine Park on any given day (Section 5.5.3 Figure 5.18). Following the global financial crisis, 
reduced profitability across the industry increased the potential risks associated with maintaining tourism-related 
structures, such as pontoons, jetties, underwater observatories and moorings in the Region. An increased focus on 
permit compliance and auditing by the Marine Park Authority since 2016 found only low levels of non-compliance for 
tourism pontoons.

Established tourism operations at set locations have the potential to displace other users. A 2017 survey found 
that people in the Fitzroy and Mackay–Whitsunday regions felt they did not have fair access to the Reef compared 
with other users.785 In contrast, people in the Wet Tropics and Burnett–Mary regions felt their access was equitable. 
The areas with the greatest feeling of equity were also sites within the Reef that either have restrictions on tourism use 
in high-value recreation sites (for example, Vlasoff Cay off Cairns), or have site-specific plans that attempt to balance 
recreational and tourism use in some areas (for example, Lady Musgrave Island).

Sewage discharge from vessels (both commercial and recreational) can increase nutrients in the water, reduce 
water quality and damage habitats. Within the Region, macerated sewage must be discharged from vessels at least 
one nautical mile (1.8 kilometers) seaward from the nearest reef, island, mainland or aquaculture facility, and this 
does not require a permit. There are few land-based sewage pump-out facilities adjacent to the Region, with only 
five fixed onshore pump-out facilities registered.866 Discharging sewage sludge at sea that was loaded to a vessel 
from a tourism pontoon or other source requires a permit under the Environment Protection (Sea Dumping) Act 
1981 (Cth). Since 2014, three permits allowing sea dumping of sewage have been assessed and approved. This 
type of permit enables the tourism operator to remove sewage and grey water from their pontoons and discharge it, 
provided it is more than 500 metres from a reef. Volumes per year range from 13,000 litres for a small pontoon up to 
227,000 litres for a larger pontoon. The sewage is discharged while the vessel is underway to increase dilution. 

Tourism use and associated 
impacts mainly occur in a few 
high-use areas
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Although a considerable number of offences by tourism operators are recorded each year, particularly from the 
Cairns and Whitsunday planning areas, the environmental impact of these is relatively low compared with other non-
compliant activities.867 Offences by tourism operations typically include breaching of plans of management, failing to 
comply with the conditions of their Marine Parks permit, grounding vessels on coral, charter fishing in Marine National 
Park no-take zones, anchoring in no-anchoring areas, unpermitted or non-compliant moorings and approaching too 
close to whales.868

Emerging impacts from tourism activities include: installation of underwater infrastructure (for example, underwater art 
installations and small-scale reef restoration activities) that are unplanned or poorly financed; disturbance of wildlife 
and tourists by drones; and increased marine debris (Section 6.5.1).

5.3 Defence activities 

5.3.1 Current condition  
 and trends of defence  
 activities
The Australian Defence Force has operated and 
trained in the Region for more than 100 years. 
Australian Navy, Army and Air Force bases at 
Cairns and Townsville serve as key platforms 
for defence operational activities in the Region. 
Training activities are regularly undertaken in 
designated areas, which cover less than four per 
cent of the Region (Figure 5.5). 

Management Defence activities are allowed 
under the Zoning Plan, and management of the 
environmental impacts in the Region is undertaken 
by the Australian Department of Defence in 
collaboration with the Marine Park Authority and 
Queensland Government. Other management 
tools for defence activities include environmental 
management plans and a strategic environmental 
assessment for defence activities.869,870 All 
operational and training defence activities are 
managed directly by the Department of Defence, 
including the conduct of training activities by 
visiting international defence forces. Many defence 
activities are conducted with dedicated observers, 
who may collect data on marine wildlife sightings 
or delay activities, if required, to avoid or minimise 
impacts on the environment.871

5.3.2 Benefits of defence activities
Defence activities in the Region continue to directly contribute to the training and operation of Australia’s defence 
services. The economic benefits of most Defence Force activities to the coastal communities adjacent to the Region 
are not quantified. Periodic visits from international naval ships to the ports of Cairns and Townsville generate short-
term economic benefits.872 

Defence operational activities directly and indirectly support management objectives for the Region through 
hydrographic surveys, and fishery and border protection patrols. The management agreement between Defence 
and the Marine Park Authority supports cooperative research programs relevant to environmental management of 
the Region and adjacent Defence estates.873 Examples of cooperative research include: collaboration on surveys to 

detect marine pest incursions; environmental baseline studies; studying the impacts 
of noise; and developing mitigation strategies regarding waste discharge and wildlife 
interactions with defence activities. During the acquisition of new land or planning for 
new development and major activities, the Department of Defence assesses natural, 
Indigenous and historic heritage values on its estate. Heritage assessments can include 
consultation with Traditional Owners, who may also participate in monitoring and 
remediation works.874 
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Figure 5.5 Defence training sites in the Region 
The Australian Defence Force undertakes training in designated areas within 
the Region, shown in blue. The Townsville Star and Shoalwater Bay Defence 
training areas are some of Australia’s largest.

Defence undertakes 
hydrographic surveys and 
patrols (for fishery and border 
protection) that support 
management of the Region 
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In 1965, the Department of Defence acquired the Shoalwater Bay Training Area land. Since then, it has assisted in 
regenerating degraded areas to a relatively natural state through active land management and excluding grazing and 
coastal development pressures. In December 2016, Defence partnered with the Marine Park Authority and the Fitzroy 
Basin Association to reduce the number of feral pigs at the Shoalwater Bay Training Area.875

5.3.3 Impacts of defence activities 
While modern defence training activities are well managed and have negligible impacts 
on the Reef, defence activities are predicted to intensify in the Region876, coinciding 
with a decline in the Region’s ecosystem health. By their nature, defence activities pose 
threats to the Region that must be continually monitored and managed, particularly 
in sensitive areas, such as Shoalwater Bay. Local and regional-scale impacts include: 
debris and residue from expendable stores; death, injury or disruption to marine 
life; exclusion of other users; discharge of sewage and other wastes; oil spills; and risks to other users and their 
property if they stray into Defence training areas during exercises. The implementation of mitigation measures results 
in reduced, or rare, incidents causing harm to the habitats and species of the Region. Balancing Defence training 
requirements with conservation of critical environmental values will remain a significant challenge for managing 
agencies and Defence. For example, a satellite-tracking study conducted at Triangular Island (in Shoalwater Bay) in 
2014 monitored noise impacts on turtles. The study found that the underwater noise and vibrations associated with 
large explosive detonations did not result in displacement or disturbance to behaviours by resident foraging green 
turtles. The turtles continued to display strong site fidelity, irrespective of whether they were foraging a few hundred 
metres from the detonation area or kilometres away.877

A range of legacy impacts associated with past defence activities continue. The most significant is the presence 
of large amounts of unexploded ordnance (shells, missiles and bombs) and chemical warfare agents that were 
deliberately dumped at sea at the end of World War II.878,879 

In 2004, Defence began phasing out the use of firefighting foams containing specific active ingredients, particularly 
per and poly-fluoroalkyl substances (PFAS) (Section 6.5). These chemicals are environmentally persistent and can 
cause liver toxicity, tumours and reproductive effects in animals. Current evidence is unclear whether these chemicals 
cause adverse health effects in humans.880,881 One of four identified PFAS investigation sites in Queensland includes 
coastal wetlands and beaches surrounding RAAF Base, Townsville. A risk assessment has begun based on the initial 
findings of the detailed site investigation.882

Amphibious landing at Freshwater Beach, Exercise Talisman Sabre 2017. © Department of Defence (Cth) 

Defence activities occur in 
some sensitive areas
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5.4 Fishing
Fishing is the largest extractive use of the Region and comprises a range of fishing activities targeting a variety of 
species, including fishes, crabs and prawns. For the purposes of this report, the term ‘fishing’ includes recreational, 
charter and commercial fisheries. Fishing activities associated with traditional use are considered in Section 5.9. 

About two thirds of the Marine Park is available to most types of fishing.

At present, no marine-based aquaculture operations are underway in the Region, 
although permission has been granted for a small pearl oyster facility to be established 
at Albany Island, Cape York. Some land-based aquaculture operations exist in the 
Catchment (Section 6.4.1).

5.4.1 Current condition and trends of fishing
Recreational fishing Fishing remains one of the most popular recreational activities on the Reef. Even though more 
than half of Queensland’s recreational fishers live in the south-east of the state, the highest participation rates (up to 
30 per cent of the residential population) are in regional areas.883 The most recent telephone survey data available883 
indicate that in 2013–14 the Gladstone residential region had the highest level of boat ownership among fishing 
households (70 per cent), followed by the Mackay–Whitsunday residential region (67 per cent). During the 2013–14 
period, Queensland residents fished for approximately 2.5 million days, similar to the 2.6 million days estimate in 
2010–11. Participation rates reduced slightly over that period from 17 per cent to 15 per cent. 
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Figure 5.6 Top three species caught and kept by recreational fishers during a 12-month period (November 2015 to October 2016)
This infographic highlights regional variation in the fish species most commonly harvested by recreational fishers, using data gathered 
through surveys conducted at boat ramps. Source: Department of Agriculture and Fisheries (Qld) 2017884

For recreational fishing in the Region’s estuary and ocean 
waters in 2013–14, tropical snapper, emperor, coral trout, 
cod and grouper were the most caught finfish species 
groups.883 Large numbers of invertebrate species, including 
crabs, were also taken. Target species vary among locations 
(Figure 5.6).883,884 

Charter fishing Operators take paying customers on boat 
trips to fish recreationally as visitors on a tourism vessel. 
For the year 2016–17, 96 active charter fishing licencees 
reported catch from within the Marine Park. The annual 
charter fishery effort (fishing days) within the Marine Park 
declined overall from 2008 to 2018, with a slight upward 
trend for 2016 to 2018.885 Catch also increased somewhat 
for 2016 to 2018, but remained lower than historical levels 
(Figure 5.7).

Species of importance to the charter fishery differ by location. 
Overall, coral trout, redthroat emperor, mackerel and tropical 
snapper make up the greatest proportion of catch reported 

Figure 5.7 Charter fishing total catch and effort in the 
Great Barrier Reef, 2008–2018
Source: Department of Agriculture and Fisheries (Qld) 2019885

Fishing continues to be an 
important use of the Region
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Table 5.3 Commercial harvest in the Great Barrier Reef by fishery in 2007, 2012 and 2017 
Data are accurate at the point of extraction from QFish and other databases. Differences to 2007 and 2012 figures reported in 
the 2014 Outlook Report generally result from subsequent database corrections or the use of QFish’s new Reef data extraction 
boundaries. For instance, the mud and blue swimmer crab harvest figures now include animals caught in rivers and creeks. 
Source: Department of Agriculture and Fisheries (Qld) 2018885 

by charter fishers within the Marine Park. These are highly prized recreational and targeted commercial species. 
Some concerns exist regarding aspects of the completeness and accuracy of data reported through commercial and 
charter logbooks, as there is no independent validation program.886,887

Commercial fishing Trawl, net, line and pot remain the most significant commercial fishing methods in use in the 
Region (Table 5.3). In 2017, the commercial harvest (retained catch) of fisheries product in the Region was about 
7600 tonnes, not including marine aquarium fish or coral. Of this, around 96 per cent came from the four main 
fishing methods. The largest change in the past 10 years has been in the net fishery sector, as a result of licence 
buybacks.888,889,890,891 The 2017 harvest was 57 per cent (1331 tonnes) lower than the harvest in 2007 (Table 5.3 and 
Figure 5.8). New management arrangements for all commercial (and recreational) fisheries in the Region are currently 
being developed, as part of the implementation of the Queensland Sustainable Fisheries Strategy 2017–2027 
(Sustainable Fisheries Strategy).892

Fishing method Fishery

Commercial harvest 
(retained catch)

Main target species in 
the Region

2007
(tonnes)

2012
(tonnes)

2017
(tonnes)

Trawl

Otter trawl 3333 3426 3637
Prawns, scallops, bugs, 
squids 

Beam trawl 70 33 21 Prawns

Net 
(mainly large  
mesh net)

East Coast Inshore 
(principally)

2341 1697 1010

Barramundi, sharks, 
grey mackerel, threadfin 
salmons, sea mullet, 
whiting

Hook and line

Coral Reef Finfish and  
Spanish Mackerel (principally), 
and hook and line component 
of East Coast Inshore 

2122 1746 1845

Coral trouts, cods, 
emperors, tropical 
snappers, Spanish 
mackerel, other mackerels, 
sharks

Pot

Mud crab, blue swimmer  
crab - pot

601 893 667
Mud crab, blue swimmer 
crab

Spanner crab - dillies 526 205 132 Spanner crab

Hand-based 
collection (harvest)

Coral 106 85 20
‘Live rock’ and potentially 
hundreds of species of 
coral 

Marine aquarium fish
179,948 

fish
146,650 

fish
90,360  

fish

Potentially hundreds of 
species, mostly damselfish, 
anemone fish, wrasses, 
angel fish

Tropical rock lobster 238 154 185 Tropical rock lobster

Trochus 141 16 0 Trochus

Sea cucumber 252 379 262
White teatfish, blackfish, 
curryfish
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Figure 5.8 Commercial fisheries harvest and effort in the Great Barrier Reef, 1990–2018 
Annual harvest and fishing effort for the four major fisheries (otter trawl, net, line, and pot) from 1990 to 2018. Data are based 
on commercial fisher logbook records. Effort is expressed in fishing days. A day of fishing effort has not been standardised 
over time and does not account for changes in fishing power (such as technology advances and fishing efficiency). Source: 
Department of Agriculture and Fisheries (Qld) 2019885 

Trawler off Low Isles in the north of the Region. © GBRMPA, photographer: Pine Creek Pictures
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There are two basic types of trawling: otter trawling and beam trawling. The otter trawl fishery, which operates in 
more open waters is by far the larger, accounting for most of the total harvest taken each year (Table 5.3 and Figure 
5.8). The East Coast Otter Trawl Fishery is the largest fishery in Queensland, both in terms of the volume of 
product caught and the economic value of the product. 

Within the Region, trawl fishing is currently allowed in all General Use Zones (with some additional spatial restrictions), 
totalling 34 per cent (118,488 square kilometres) of the World Heritage Area.893 In 2017, the total area of fisheries 
reporting grids (excluding where trawling is not allowed) for which otter and beam trawl harvest was recorded 
equaled approximately 30 per cent (106,629 square kilometres) of the World Heritage Area. Some areas in the 
Region, particularly deep areas (down to about 250 metres) of the outer southern Reef, have among the highest trawl 
footprints and effort intensity in Australia.894 

Since 2014, the state of saucer scallops in Queensland has come under increased focus. Standardised trawl 
harvest rates of saucer scallops from January 2015 to April 2016 were the lowest in the 39-year record. Estimates 
of spawning stock in 2015 were potentially as low as five to six per cent of 1977 levels, when the fishery was in its 
early development. By 2016, profitability in the scallop fishery relied on the value of a co-caught species (Moreton 
Bay bugs).113 The 2016 stock status assessment concluded that the saucer scallop fishery was recruitment 
overfished.895,896 The classification system897 has since changed and the 2018 assessment gives the status as 
depleted.898 The 2017 fishery-independent scallop survey (sampling in October 2017) indicated very low abundance 
of scallop compared to previous survey years and concluded the stock’s likely biomass remains very low.899 In 
December 2016, legislative changes were made to keep all scallop replenishment areas permanently closed from 
January 2017 and introduce winter closure (1 May to 31 October) on all east coast saucer scallop harvesting to 
protect the spawning stock over the winter months.900 Further management arrangements may be required to 
recover the stocks and make sure overfishing does not continue.901

The East Coast Inshore Fishery is complex, covering various target species and multiple types of commercial 
gear. In the Region, the main gear types are mesh net, bait net and line. Many of the species targeted by commercial 
fishers are also targeted by recreational fishers, including bream, flathead, whiting, barramundi, jewfish, threadfin 
salmons and trevally. 

Commercial effort in the East Coast Inshore Fishery has been reduced in the last five years with the removal of 
120 large mesh net licences. There is limited information on a range of species within this fishery, including for 
many that have an undefined stock status.902 There are serious sustainability concerns for black jewfish.903,904 The 
commercial catch of black jewfish has increased ten-fold, reaching 95.5 tonnes for the 2018–19 year by the end 
of December 2018885 due to the high economic value of the species’ swim bladders (up to $920 per kilogram). The 
annual historical average for commercial harvest of this species is 16 tonnes. Fisheries Queensland is implementing 
management actions to address unsustainable harvest of black jewfish, including changes to the commercial fishing 
reporting requirements that took effect in April and May 2019.904 The total allowable commercial catch for sharks 
and rays constrain the amount of hammerhead shark that fishers can harvest (including under a new management 
arrangement that began on 1 January 2018). However, they do not constrain harvest at a species level for other 
shark and ray species. This situation may be significant for species, such as pigeye shark, where fishing mortality 
estimates are relatively high and harvest rates may have been unsustainable in the past.905,906 

Live coral trout harvested by line fishing. © GBRMPA
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In the Spanish Mackerel Fishery (a line-only fishery) almost one third of the total commercial harvest is taken from 
a very small area off the coast of Townsville and most of this is during the spring months.907,908 Following a substantial 
reduction in effort associated with the fisheries management and Marine Park zoning changes in 2004, fishing effort 
has since increased from around 9000 to 13,500 tender vessel days, with fishing effort almost doubling on the main 
fishing grounds off Townsville over the past eight years.907,908 The most recent stock assessment for Spanish mackerel 
suggests the current harvest level for the east coast stock is sustainable.909,910 However, only about half of the total 
allowable commercial catch (574.6 tonnes) has been harvested in recent years. If the total allowable commercial 
catch was to be largely used, and current or increased charter and recreational harvests continued, then the biomass 
of the Spanish mackerel population may decline.909 The risks from fishing spawning aggregations are also a critical 
consideration.909 The spatial and temporal distribution of spawning aggregations has contracted in the Region, with 
one aggregation in Cairns now commercially extirpated.15,16 Current catch rates at spawning aggregations are up to 
90 per cent lower than those reported in the early 1900s15 (Section 2.2.2).

There are concerns for the two most important species harvested by the Rocky Reef Fishery: Australian snapper 
and pearl perch. While some take of these species occurs in the Region, most of the harvest has historically 
occurred further south. However, commercial and recreational catches have been declining and there may be related 
movement of additional fishing effort into the Region.

The Queensland component of the east-coast stock of Australian snapper is recruitment 
overfished911,912 and its status was assessed as depleted in 2018.909,913 The Queensland 
fishery appears to have relatively few older fish and fishery-independent data (2007–
2015) show a decrease in relative catch rates of 57 per cent since 2014 and 94 per cent 
since 2011.914 Also, commercial, recreational and charter sector data for Queensland 
all show harvest declines to historic lows during the period 2007 to 2015.907,915,916 
The current level of fishing pressure is thought to be too high to allow recovery of the 
Queensland component of the stock.911,914 Geographically, commercial harvests have 

increased at the northern extent of the fishery within the Region (particularly the Swain Reefs area) and further 
offshore, potentially in response to declining catches and catch rates in areas south of the Region.912

The east coast pearl perch stock is classified as depleted and considered recruitment impaired.917 Commercial 
harvest rates declined by about 40 per cent between 2006 and 2014.895,918,919 A similar decline also occurred in the 
charter and recreational fishing sectors.919 Commercial harvest in 2016–17 was about 17 tonnes, continuing around 
five years of historically low harvest levels.885 From 2012 to 2017, the proportion of the total harvest taken from  
within the Region increased from around 27 per cent to around 52 per cent. Fishing effort, measured as days when 
pearl perch are landed, also increased in the Region, from 295 fishing days in 2012 to 578 days in 2017. Collectively, 
these indicators suggest fishing pressure is increasing on pearl perch within the Region as harvests in southern 
Queensland decline.

The commercial component of the Coral Reef Finfish 
Fishery operates predominantly in the Marine Park 
using only line fishing. The majority of catch is from the 
commercial sector, targeting coral trout (Section 8.3.4 and 
Figure 5.9) for live export. However, the fishery also includes 
substantial recreational and charter fishing sector effort. 
All three sectors target coral trout, emperor and tropical 
snapper species and around 120 other fish species are also 
taken. The annual total allowable commercial catch for coral 
trout has been significantly reduced over time. In 2004, it 
was set at 1350 tonnes and by 2015 was constrained to 
a record low of 917 tonnes. Since then, the total allowable 
commercial catch has slowly increased, to 1163 tonnes 
for the 2018–19 season (Figure 5.9). Total allowable 
commercial catch levels for red throat emperor (611 tonnes) 
and ‘other species’ (956 tonnes) have not changed since 
2004 because decision rules are not yet892,920 in place for 
adjusting the total allowable commercial catch for these 
species. Some species within the ‘other species’ category 
are more at risk of over-exploitation than others and there 
is potential for their excessive harvest within the total 
allowable commercial catch.288,921

Concerns exist for  
some species harvested  
by commercial and  
recreational fishers

Figure 5.9 Commercial coral trout line fishing harvest and 
effort in the Great Barrier Reef, 1989–90 to 2017–18
Data only includes coral trout caught by line fishing. Effort is 
expressed in fishing days (primary vessel). Source: Department of 
Agriculture and Fisheries (Qld) 2019885 
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Several crab species (Figure 5.8) are commercially and recreationally targeted in the Region. Mud crabs are an 
important species for fishers throughout the Region. Blue swimmer and spanner crabs are mostly harvested south of 
the Region (about 95 per cent of the total reported commercial pot harvest), and are taken in relatively small numbers 
in the southern areas of the Region. In 2016, the status of all three species was assessed as sustainable.922,923,924 

Protection of all female mud and blue swimmer crabs and size limits that protect immature males strongly contributes 
to sustainability.922,923 However, catches in the mud crab fishery have been declining over recent years and many 
commercial fishers state that current catch rates are no longer economically viable.925 The commercial harvest of blue 
swimmer crabs in Queensland in recent years has been about one quarter of that harvested in 2003 and 2004, and 
the most recent stock assessment noted that significant reductions in fishing effort are required to make sure stocks 
are sustainable and promote an optimum economic yield.925 These stocks are under considerable pressure and 
there is concern about overcapacity, competition, localised depletion and reduced recreational fishing satisfaction.925 
Reports of black-marketing due to the high value of mud crab are increasing.925

Depletion is also an issue for the spanner crab fishery926, particularly as spanner crabs are longer lived and slower 
growing than most other commercial crab species. In 2015–16, the total allowable commercial catch for the main 
fishing area was 1631 tonnes927, but it was reduced by almost 50 per cent for 2018–19 (to 847 tonnes) in  
response to declining catch rates in recent years.924,928,929 The 2018 stock status assessment classifies spanner crabs 
as depleting.895,930

The main commercial dive-based harvest fisheries operating within the Region are the sea cucumber fishery, 
coral fishery, marine aquarium fish fishery and the tropical rock lobster fishery. In the east coast Queensland sea 
cucumber fishery, currently 18 commercial harvest licences (all owned by two operators) are authorised to take sea 
cucumber by hand using scuba or surface-supplied air. Total harvest for the fishery has remained relatively stable 
over the last decade (Table 5.3).931 The stock status for the two main commercially caught species, white teatfish 
and burrowing blackfish, are rated as sustainable.895 However, all other sea cucumber species are grouped under the 
fixed total allowable commercial catch for ‘other species’. This does not allow the total allowable commercial catch 
to be adjusted at the species level to ensure commercially significant species that are sensitive to localised fishing 
pressure are harvested sustainably.932 The exception is black teatfish, for which there is currently (Section 8.3.3) a 
total allowable commercial catch of zero tonnes within the fishery’s total allowable commercial catch.2,928

The reporting requirements and quota rules for the coral fishery have changed since the 2014 Outlook Report. A total 
of 59 commercial harvest licences are currently authorised for Queensland.928 No stock assessments are in place due 
to the large number of species harvested. The average amount of product harvested under the Queensland coral 
fishery has increased over the past 14 years (Table 5.3 and Figure 5.10). In 2016–17, 48 per cent of the ‘specialty 
coral’ and 37 per cent of the ‘other coral’ allowances were used by fishers.933 The wildlife trade operation assessment 
for the fishery, which allows for export, suggests impacts are likely to be low.934

Figure 5.10 Average annual product harvested in the coral 
fishery in the Great Barrier Reef for three 5-year periods 
2003–2007, 2008–2012, 2013–2017
Coral harvest weights are based on unloads recorded via the 
quota monitoring system rather than logbook data because, 
since the start of the 2015–16 quota season, fishers log the 
number of pieces of coral rather than weight. For each period, 
harvest is shown as a mean +/- standard error. Note that the 
total allowable commercial catch (TACC) shown for the 2003 
to 2007 period applies to 2003 to 2005 only. During 2006 and 
2007, TACC was at the level shown for 2008 to 2012. Source: 
Department of Agriculture and Fisheries (Qld) 2018 and 2019885,928,933 

The coral fishery supplies marine aquarium enthusiasts with 
attractive specimens like this Fungia species. © Cairns Marine
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The marine aquarium fish fishery collects a 
wide variety of fish and invertebrates for the live 
aquarium trade, most of which is exported. As is 
the case for the coral fishery, stock assessments 
are not conducted due to the high number of 
species harvested and the impact has been 
assessed as likely to be low.935 Currently, 42 
licences are authorised, with 21 of those reporting 
catch in 2017 and the rest inactive. Collection is 
carried out using scuba or surface-supplied air 
with hand-held fishing gear, including lines, small 
nets and herding devices. Both effort and catch 
have substantially reduced in 2017 compared 
with historical levels (Table 5.3 and Figure 5.11). 
This decline may be partly related to international 
market demand, as many species are now grown 
in aquaculture facilities.

The tropical rock lobster fishery predominantly 
supplies a live export market. Collection is by 
hand, in reef waters to a depth of 25 metres. 
The commercial fishery in the Region is restricted 
to operating north of latitude 14 degrees south 
(around Princess Charlotte Bay). Recreational take 
in the Region is small. Although 28 commercial 
licences are authorised, only nine licence-holders hold quota. The stock was classified in 2018 as sustainable895  
and 95 and 83 per cent of the total allowable commercial catch was harvested in 2017 and 2018 respectively  
(Figure 5.12).

Since 1962, the Queensland shark control program has been implemented under the Fisheries Act 1994 (Qld) 
(as amended) to reduce the risk of shark attacks on bathers at popular swimming locations by targeting the removal 
of sharks identified as posing a risk to swimmers. For this reason, the extraction and other impacts of the methods 
used are included in the fishing assessment.

Since the 2014 Outlook Report, all five remaining nets have been removed from the Marine Park and replaced with 
drumlines. A maximum of 173 drumlines can be set in the Marine Park at any one time. In the Region (outside the 
Marine Park) two nets remain at Harbour Beach, Mackay. From 2014 to 2017, 1251 sharks of targeted species 
were taken from within the Region under the program. A further 232 sharks of non-target species were also caught, 
with approximately 36 per cent released alive.936 None of the sharks are considered retained take. Evidence from 
the program indicates that once nets are replaced with drumlines the number of species caught decreases and the 
percentage released alive increases.937

Figure 5.11 Marine aquarium fishery harvest and effort in 
the Great Barrier Reef for three 5-year periods 2003–2007, 
2008–2012, 2013–2017 
Harvest is expressed as the number of individual specimens 
and effort is expressed in fishing days (of primary vessel). For 
each period, harvest is shown as a mean +/- standard error. 
Source: Department of Agriculture and Fisheries (Qld) 2019885

Figure 5.12 Tropical rock lobster fishery harvest and effort 
in the Great Barrier Reef, 1995–2018 
Harvest and total allowable commercial catch (TACC) are 
expressed in tonnes; effort is expressed in fishing days. 
Source: Department of Agriculture and Fisheries (Qld) 2019885 

The harlequin tuskfish is a popular aquarium fish due to its bright colours 
and striking patterns. © Cairns Marine, photographer: Phil Woodhead
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Management The Australian and Queensland governments, in aiming for ecologically sustainable fishing in the 
Region, take an integrated and collaborative approach to fisheries management.938 Statewide fishery management 
arrangements are applied under the Fisheries Act 1994 (Qld), and the Australian and Queensland governments work 
cooperatively in the Region through the Reef Joint Field Management Program, including to conduct fisheries-related 
surveillance and other enforcement activities. The Zoning Plan and Marine Parks (Great Barrier Reef Coast) Zoning 
Plan 2004 apply to all fishing activities in the Great Barrier Reef Marine Park, and specify areas that can be fished 
and the type of fishing that can be undertaken. Subject to meeting the overarching objective of the Great Barrier 
Reef Marine Park Act 1975, namely long-term protection and conservation, the Offshore Constitutional Settlement939 
provides for the Queensland Government to have lead responsibility for fisheries management within the Region.

As in many other regions and jurisdictions940, allocation of fisheries resources is an 
ongoing source of conflict between the commercial and recreational sectors within the 
Region. In November 2015, three net-free fishing zones prohibiting commercial net 
fishing were introduced to improve recreational and charter fishing opportunities near 
Cairns, Mackay and Rockhampton and reduce interactions with species of conservation 
concern.941 Surveys conducted in 2015 and 2016 showed recreational fishers were 
satisfied with their fishing experience in the net-free zones and expected further improvements over time.942,943

Recreational fishers in Queensland do not require a fishing licence.944 Recreational fish size, take, possession and 
gear limits apply in tidal waters and the sale of any fish caught recreationally is prohibited. Seasonal closures also 
apply for some species. Guidance on best-practice release techniques for line-caught fish is available.945 Improved 
monitoring for recreational fishing is needed to address information gaps.892

For commercial fishing activities, direct management arrangements include licences for all operators, total allowable 
commercial catches for some species, fish size and possession limits, restrictions on fishing apparatus, closed 
areas and seasonal closures.946 The management arrangements for most commercial fisheries in the Region are 
accredited for export approval against the guidelines for the ecologically sustainable management of fisheries947 under 
the Environment Protection and Biodiversity Conservation Act 1999 (Cth). Commercial harvest fisheries and all 
developmental fisheries also require Marine Parks permits. Currently, fisheries managed solely under a total allowable 
commercial catch system may be more at risk of exceeding harvest limits than those managed under individual 
transferable quotas948 because the latter have more robust reporting requirements.

Since 2014, some legislated changes for the East Coast Otter Trawl Fishery have been 
implemented to improve environmental outcomes for the fishery. In 2015, mandatory 
use of improved bycatch reduction devices began, to help reduce the substantial 
incidental capture of sea snakes and other bycatch species. Further changes were 
also made to improve turtle excluder devices (mandatory in the fishery for over a 
decade) and trawl spikes became prohibited.949,950,951 Ways to address some remaining 
environmental risks to species and habitats are being considered in the current fishery 
reform process, noting trawl fishing effort is a key driver of ecological risk.952,953

Ensuring ecological 
sustainability is crucial

Fishing practices and 
management continue  
to improve

Boat ramps, including this one at Yorkey’s Knob, Cairns, provide recreational fishers access to the Region.
© GBRMPA 2012. photographer: Pine Creek Pictures
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Legislative adjustments have been made regarding hammerhead sharks, in recognition of declines in some 
species.954,955,956,957,958,959 New Queensland fisheries regulations came into effect on 1 January 2018 to strengthen the 
management controls around hammerhead sharks. When the scalloped hammerhead became listed as ‘conservation 
dependent’ under Commonwealth legislation in March 2018, the Marine Park regulations were amended to recognise 
this listing and enable management consistency and continued take.954

Concerns remain regarding some aspects of current fisheries management. For example, current management 
arrangements for the Coral Reef Finfish Fishery do not enable responses to changes in species status at a stock 
level or regional scale. There is no independent validation of fishers’ logbook reporting, following cessation of the 
independent fishery observer program (for all fisheries) in 2013.960 It is also recognised that the fishery’s current ‘other 
species’ category does not adequately constrain harvest of species considered to be at high risk, including red 
emperor and saddle-tail snapper.921,961 Historically, monitoring of these species, including fishery discards, has not 
been strong. However, recent commitments962 have included initiation of improvements to biological monitoring for a 
number of fishes within the ‘other species’ category.

While fishing practices and management continue to improve, ensuring ecological sustainability is critical. As outlined 
above, information remains limited in some areas and sustainability concerns exist for some species. Of major 
significance since the 2014 Outlook Report is the development of the Queensland Sustainable Fisheries Strategy 
2017–2027.892 Work towards implementing the strategy has commenced with actions identified across 10  
reform areas (Box 6). 

Queensland Sustainable Fisheries Strategy 2017–2027  
In June 2017, the Queensland Government released the Sustainable Fisheries Strategy 2017–2027892, paving the 
way for Queensland to have a world-class fisheries management system that makes sure fish stocks are healthy 
and supports Queensland jobs. The strategy identifies 10 areas for reform and commits to a range of important 
initiatives, including:

• setting a target of 60 per cent virgin biomass for all stocks by 2027 — a critically important contribution 
to a healthy marine ecosystem and ecologically resilient Great Barrier Reef 

• installing vessel-tracking units on all commercial boats by 2020, with a priority to have them on net, line 
and crab boats by the end of 2018 (Section 5.4.3 Box 7)

• developing a harvest strategy for each specific fishery — these (and future ecological risk assessments) 
should explicitly consider and respond to all high risks relating to fishing, particularly the very high 
risk of incidental catch of species of conservation concern identified by the 2014 and current Outlook 
Reports

• modernising Queensland’s fisheries laws, 
including introducing stronger compliance 
powers and penalties for serious offences, such 
as seafood black-marketing

• boosting engagement and field presence — 
achievements so far include establishing new 
fishery working groups and an expert panel, 
employing 20 new compliance officers and 
reopening the Queensland Boating and Fisheries 
Patrol office in Gladstone

• rolling out new biological monitoring and 
implementing of a data validation plan that aims 
to improve commercial and charter logbook 
information.

Ensuring fisheries are ecologically sustainable is 
important for maintaining a healthy and resilient Great 
Barrier Reef. The Queensland Department of Agriculture 
and Fisheries will continue to publish regular progress 
reports on the Sustainable Fisheries Strategy.892,963,964

BOX 6
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5.4.2 Benefits of fishing
Commercial fishing is an important source of income for Queensland coastal 
communities and plays a vital role in Australia’s seafood industry.846 In 2015–16, the 
total value of commercial fishing in the Region was estimated to be $104 million.846 In 
2015–16, the Region’s commercial fishing, together with the land-based aquaculture 
industry, value-added an estimated $162 million to the national economy and generated 
the equivalent of 814 full-time jobs Australia-wide.846

The gross value product forecast for Queensland-wide commercial and recreational fisheries combined for 2018–19 
is $275 million ($181 and $94 million, respectively).965 The commercial and recreational fishing figures are three 
and five per cent greater, respectively, than the average for the previous five years. Inshore fisheries are believed 
to produce economic benefits to local communities beyond their immediate gross value product.966 Concurrent 
implementation of no-take zones and fisheries harvest controls, including reduced effort, have enhanced the benefits 
to both fish populations and fisheries. For example, commercial fisheries’ catch data and population biomass 
observations for coral trout indicate the species responded positively following important management changes in 
2004 (Section 8.3.4).967

Commercial fishers continue to have a high attachment to their industry and most have been involved for more 
than 30 years. Commercial fishers’ level of optimism about their business in the Reef was higher in 2017 than 
2013.968 Generally, fishers rely heavily on the industry, with most receiving about 65 per cent of their income from the 
Region.969 Commercial fishers have high personal connection to the Reef and state they have strong appreciation 
for the biodiversity, aesthetic and lifestyle benefits it provides. They consider they would be personally affected if the 
Reef’s health declined.969

Fishing is one of the most popular recreational pastimes in the 
Region, generating somewhere between $70 and $311 million 
in expenditure on recreational fishing and related equipment 
in 2015–16.846 People enjoy recreational fishing for the 
opportunity to catch fresh local seafood and for appreciating 
the Region’s natural beauty, wildlife watching, outdoor 
physical activity, relaxation, and spending time with family and 
friends.970 Recreational fishers also identify environmental and 
wellbeing benefits, including fostering respect and connection 
with the environment, understanding food sources, building 
relationships, and enhancing community cohesion.970 In terms 
of appreciation of lifestyle, biodiversity and aesthetics, and 
pride in its World Heritage Area status, local residents (including 
recreational fishers) show higher levels of dependency on the 
Reef than commercial fishers and tourism operators.969

5.4.3 Impacts of fishing 
Fishing removes biomass from the Region and, when harvest is not conducted in an ecologically sustainable way, it 
can affect the abundance of targeted species locally and at a population level. Declines in populations of culturally-
significant species affected by fishing can have flow-on implications for the Region’s Indigenous heritage values 
(Section 4.3), such as cultural practices, observances, lore, stories, songlines and sites.971 The status of some 
targeted species is cause for community and scientific concerns.909,911,933,972

Predators, such as coral trout, emperors, mackerel and sharks make up about 40 
per cent of the total commercial retained catch (Figure 5.13) and the majority of the 
recreational fishing catch.883 Reductions in predator populations can have long-term 
effects on marine systems, including direct and indirect effects on the food chain176,605 
(Section 3.4.5). For example, predator abundance and behaviour changes can alter 
food webs and result in flow-on effects for herbivore populations that moderate algal 
cover on coral reefs.607,973,974

Some predatory species are subject to considerable fishing effort and data limitations hamper some fisheries 
assessments. The Queensland component of the east coast stock of Australian snapper is considered depleted as 
are pearl perch.911,913,917 Black jewfish have been subjected to significantly increased levels of harvest in recent years 
because of the high value of their swim bladders.975 This predatory species is vulnerable to overfishing if catch limits 
are not in place. Also of concern, the stock status for cobia and mangrove jack were downgraded in 2017 from 
sustainably fished to undefined. Approximately 40 per cent of the more than 60 Queensland east coast fisheries 
resources that have been assessed are currently classified as undefined, including commercially and recreationally 
important jewfish, barred javelin and some emperors.895 

Fishing is important socially 
and economically 

Illegal fishing continues to 
add pressure to an already 
deteriorating system

Recreational fisher with a bar-cheeked coral trout. © Henriette van 
den Heever 2016
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Some sharks and rays are at higher risk from fishing than others.147,288,297,906,951,952 The 2015 stock assessment of 
whaler and hammerhead sharks in Queensland found the quota and catch rates of these sharks were sustainable.976 
However, the 2015 stock assessment remains uncertain due to data limitations around species composition 
and discards.977 Sharks and rays are discarded in the trawl fishery, but mortality and health impacts are still a 
concern.978,979,980,981 The equipment used in the Queensland shark control program extracts targeted sharks and also 
interacts with other species, including some species of conservation concern. From 2014 to 2017, 16 individuals 
of protected species, including two crocodiles, five marine turtles, six Queensland groper, two manta rays, and one 
dolphin, were incidentally caught on shark control program gear within the Region; 11 of these (68 per cent) were 
released alive.885 Some species targeted under the program982 are protected, including the white shark, longfin mako, 
shortfin mako, school shark and silky whaler.983 Some of these species have not been caught in the Region since the 
early 2000s, and others may be unlikely to be caught due to their pelagic nature.937

Particle feeders (such as prawns and scallops) account for over half of the weight of the total retained commercial 
catch across the Region’s four main fishery types (Figure 5.13). Overharvesting can cause population declines. 
Potential flow-on effects of extraction include damage to other particle feeders, such as sponges, and changes 
to other ecosystem processes (for example, to predation through changed feeding opportunities).176 The 2012 
ecological risk assessment for the East Coast Otter Trawl Fishery assessed trawling as generally low risk for 
non-target particle feeders at the Reef scale.176

In addition to extracting retained catch, fishing also causes death, injury and stress of discarded species. For 
example, post-trawl survival analysis for two small elasmobranch (shark and ray) species caught incidentally in the 
Region’s prawn fisheries found lowered survival with increased time on deck and differences in capture and release 
resilience.979 Preliminary analysis for the Region in the 2009 Outlook Report suggested non-retained catch (discards 
and bycatch) by commercial fisheries is likely to be significantly higher than the retained catch, with the trawl fishery 
responsible for most of the non-retained catch.1 Discards from the Queensland East Coast Otter Trawl Fishery 
declined by around one third between 1988 and 2014. However, this decrease was primarily due to concurrent 
reductions in fishing effort over this period.951 Knowledge about the amount of non-retained commercial catch in the 
Reef has not improved and uncertainty remains high.

Figure 5.13 Ecological groups retained by major commercial fisheries in the Great Barrier Reef in 2007, 2012 and 2017
Predators and particle feeders make up the majority of the harvest retained by commercial fishing in the Region. Particle 
feeders includes species that are primarily filter feeders, detritivores and scavengers. Data are for commercial retained catch 
only. Discarded catch and bycatch are not included. Source: Department of Agriculture and Fisheries (Qld) 2019885
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Recreational fishers generally release a significant proportion of their catch due to catch-and-release practices  
or the catch being undesirable, too small or outside the legal size limit. For a large number of species, more than half 
of the catch is released (Table 5.4). Sharks and rays are not generally targeted by recreational fishers; an estimated 
90 per cent are released because they are unwanted.883 Catch-and-release practices presume the fish is likely to 
resume normal behaviour and survive.984 However, stress or injury from fishing interactions can lead to post-release 
mortality and behavioural impairments can increase the released fish’s susceptibility to predation.985 Recreational 
fishing can be a significant pressure on coastal fish stocks, with recreational harvest exceeding commercial harvest 
for some species.883,986

Incidental capture, entanglement and death of species of conservation concern as a result of commercial fishing 
continues to have a major ecological impact on the Region’s values. It is important to consider the interactions 
additively across multiple fisheries.340 For species of conservation concern, such as inshore dolphins, dugongs, 
sawfishes and some marine turtles, loss of even small numbers of individuals may have a substantial effect on 
population status, resilience and rate of recovery from past impacts.292,308,401,404,987 Despite mandatory reporting of 
these incidents, many interactions go unreported, so the magnitude of the impact is underestimated.988

Fish spawning aggregations are recognised as a natural phenomenon that contributes to the Reef’s outstanding 
universal value.307 They are protected to some extent by the current zoning arrangements. However, other than for 
barramundi, spawning aggregations of inshore species (for example, golden snapper and black jewfish) are not 
protected by seasonal closure periods. Loss of fish spawning aggregations leads to declines in fish populations 
through reduced recruitment, with negative ecological consequences.989

Physical damage to the seabed and reef habitats occurs as a result of some fishing activities. Line fishing gear can 
cause direct physical damage to live coral tissue and coral colonies, and contribute to increased coral disease.990 
Physical damage to reefs and shoals can be caused by the grounding (and in some cases sinking) of commercial and 
recreational fishing vessels in the Region (Figure 5.18). Use of electric outboard motors with automatic positioning 
system capability (an alternative to physical anchoring) in the commercial and recreational fishing sectors is estimated 
to have risen since 2014, based on anecdotal reports. Trawling has physical impacts on habitats in the Region and 
can remove or damage seabed plants and animals. While risk for seabed biodiversity has been reduced by trawl 
management actions114, some concerns remain. For example, an area in the southern Reef has been identified 
as being among the national hotspots for risk from trawling and is the area at highest potential risk within the 
Region.110,894 High trawling effort levels and a poor understanding of the habitat in this area contribute to the risk. At-
risk long-lived deep-water elasmobranch species are known to occur in this area, and to be taken and killed in trawl 
bycatch.147 Further information on the risk to these species is needed.147 The impacts of trawling on upper continental 
slope habitats must also be better understood.

Table 5.4 Estimated proportion of marine species catch released by recreational fishers in Queensland over a  
12-month period
Catch was recorded between 1 November 2013 and 31 October 2014. Source: Department of Agriculture and Fisheries (Qld) 2015883 

Proportion of catch released (per species)

0–25 % 25–50 % 51–75 % 76–100 %

• Garfish
• Herring and pilchard
• Mullet
• Prawn
• Yabby (marine)

• Cobia
• Coral trout
• Finfish (other)
• Mackerel
• Parrotfish
• Tailor
• Threadfin and Australian 

salmon 
• Whiting

• Bream
• Emperor
• Flathead
• Javelin
• Jewfish
• Pearl perch
• Pike
• Morwong and sweetlip
• Snapper
• Trevally and amberjack
• Tropical snapper and  

sea perch
• Wrasse

• Barramundi
• Catfish
• Cod and Queensland 

grouper
• Crab 
• Shark and ray
• Non-fish (marine reptiles)
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Discarded fishing line and loss of fishing gear contributes to marine debris (Section 6.5.1), causing entanglement 
and ingestion by marine species.337,991

Illegal recreational fishing in the Region is of increasing concern. The number of reported offences has averaged 
around 500 each year since 2012–13, with a trend of gradual increase to the 653 reported offences in 2017–18. 
Illegal recreational fishing accounts for approximately 55 per cent of the 1189 fishing and non-fishing possible 
offences reported in 2017–18.868 The increasing trend in non-compliance reports may reflect improved surveillance 
efforts and technologies, such as new high-speed patrol vessels armed with technology for detection at night. Rate of 
change in recreational fishing effort (and therefore, likelihood of offences) is not well known, but is generally expected 
to correlate with population growth in the Catchment and long-term increases in recreational vessel registrations 
(Section 5.5.1).

Understanding of the spatial and behavioural patterns of fishers is growing, and indicates poaching is more likely 
to occur at some locations than others.992,993,994 In 2017, 50 per cent of all reported poaching occurred in just ten 
no-take zones.993 Similarly, over the period 2010 to 2018 most poaching in no-take zones was concentrated in just 
20 per cent of those zones.993 Reported offences tended to occur in no-take zones that also attracted high levels of 
legitimate activity, a finding that provides insight into the opportunity factors that increase the risk of poaching.993

While the majority of recreational fishers consider poaching to be personally and socially unacceptable995, the use 
of different social survey techniques has found that between three and 18 per cent of recreational fishers will admit 
to having fished in no-take Marine Park zones during the past year.992,996 In the Palm Island and Whitsundays areas, 
accumulation rates of derelict fishing gear entangled on reefs suggests some no-take zones are subject to levels of 
fishing pressure similar to those in areas legally open to fishing.992 Even low levels of poaching can have substantial 
impacts on fish populations and ecosystem health.297,997

The number of commercial fishing offences in the Region has fluctuated but shows a declining trend over recent 
years — from almost 100 reported in 2014–15 to around 40 in 2017–18. Commercial line fishing offences, including 
fishing dories unattached from their primary vessel in no-take zones, were the most frequent non-compliant activity 
over that period (despite considerable variability between years). Offences in other commercial fisheries are generally 
less frequent and include illegal activity in the net, trawl, crab, lobster and coral fisheries. Some commercial and 
recreational fishers employ counter-surveillance tactics to avoid detection of their illegal activity. Therefore, the actual 
extent of illegal fishing by both sectors is considered to be much greater than the number of detected offences 
suggest. The expansion of commercial fishing vessel tracking under the Queensland Sustainable Fishing Strategy 
2017–2027 to include line, net and crab fisheries from 1 January 2019 and all fisheries by the end of 2020 (Box 7) is 
expected to substantially improve commercial fishing compliance rates and the efficiency and efficacy of the multi-
agency surveillance program.

Expanding use of vessel tracking technology 
in fisheries management 
No-take zones offer a range of benefits (Section 7.3.3 Box 11), including rebuilding of depleted fish 
populations998 and faster recovery of fish and coral communities following cyclones and coral bleaching.756 
However, many commercial, charter and recreational fishers continue to operate in contravention of the  
Great Barrier Reef Zoning Plan 2003 (for example, fishing illegally). Given cumulative pressures are affecting the 
Reef’s resilience, the benefits of protecting no-take zones by enhancing compliance are now more important 
than ever. 

Electronic vessel tracking (also known as vessel monitoring systems or VMS) has been widely adopted in 
Australia and around the world, and is used very successfully as a means to monitor commercial fishing vessel 
activity. The vessel tracking units fitted to vessels transmit regular positional information via a satellite network to 
a computer system. The positional information can then be displayed and analysed. 

Vessel tracking became mandatory in the Queensland East Coast Otter Trawl fishery in 2001. Monitoring and 
analysis of vessel tracking data led to a number of successful prosecutions and significantly reduced the number 
of instances of vessels fishing within no-take zones. The Queensland Sustainable Fisheries Strategy 2017–2027 
was released in June 2017. Its reform commitments included an expansion of vessel tracking to all commercial 
fisheries by 2020, including installing vessel tracking units in the net, line and crab fisheries (including tenders 
and dories) by the end of 2018.892 Implementing this component of the strategy led to a legal requirement for 
vessel tracking in these fisheries coming into effect on 1 January 2019.999 Improved compliance with Marine Park 
zoning is expected as a result.

BOX 7
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5.5 Recreation (not including fishing)

5.5.1 Current condition and trends of recreation
The Reef is vital to the wellbeing of Queensland’s coastal communities1000,1001 and an important contributor to the 
wellbeing of other Australians843 and the broader international community. Aside from commercial operations and 
tourism, people use the Region for a wide range of recreational activities, including 
relaxation, stress reduction through access to natural settings, and exercise through 
snorkelling, boating and diving (Figure 5.14). The benefits recreational users derive from 
the Region are a critical part of their lifestyle and, as a result, many local residents are 
attached to, and depend on, the Reef.783,851 

Recreational use continues 
to grow in the Region

Figure 5.14 The most important activities contributing to coastal residents’ use and enjoyment of the Region 
Responses from 1933 residents. Activities were not rated exclusively. Source: Marshall et al. 2019785 

Figure 5.15 Number of days residents visited the Reef in a 
12-month period 
Responses from 1933 residents. Source: Marshall et al. 2019785 

Figure 5.16 Number of recreational vessels registered and 
population in the Catchment, 2001–2018
Source: Department of Transport and Main Roads (Qld) 20181004, 
Queensland Government Statistician’s Office 20181005, adopted from 
Hughes et al. 20151006 
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The Reef is an extremely well-accessed 
resource. Local residents spend a significant 
portion of their leisure time along the Reef 
coastline, primarily along its beaches.785 In 
2013, over 40 per cent of local residents (from 
3181 residents surveyed) indicated that they 
lived in the Catchment because of the Reef.851

Residents of the Region spend from one to 
more than 100 days on the Reef per year, with 
short multi-day trips being the most common 
(Figure 5.15).785 People mostly travel less than 
10 kilometres from land to access the Reef  
(39 per cent), while 32 per cent of people 
travel 10–50 kilometres.785 Residents have high 
aspirations to protect the Reef and would like 
to do more to protect it (such as improving 
water quality). But they felt their capacity to do 
so was low to moderate because they  
lacked the necessary knowledge, skills, time 
and/or opportunity.785 

Population growth and economic development will increase the demand for recreational activities within the Region 
(Section 6.2).1002 The Queensland coastal population is growing rapidly, with the state population expected to nearly 
double from 4.7 million (in 2015) to 8.2 million by 2050.1003 The number of recreational vessel registrations in 2014–
2018 is the highest recorded (Figure 5.16). 

Management A number of Australian and Queensland government agencies are responsible for managing 
recreational use. Recreational use (not including fishing) is one of the major direct uses in the Region.1007 Recreational 
activities can be undertaken in almost all parts of the Region; exceptions are the Preservation Zones (which cover 
less than two per cent of the Marine Park), and Restricted Access Areas.

The Zoning Plan and plans of management (for the Cairns, Hinchinbrook and Whitsundays areas) help to manage 
multiple uses. These management tools aim to protect the environment while providing for a range of uses, 
particularly in high-use areas. The plans of management cap the number of tourism operations and define maximum 
group and vessel sizes at specific locations, and where motorised water-sports can take place. These approaches 
were developed in part to better provide for recreational use in these areas. 

Since 2014, management initiatives have increased the number of reef protection markers (which show no-
anchoring areas) and public access moorings in the Region (Figure 5.17). These management initiatives continue to 
protect coral communities under threat from recreational boating damage by raising awareness and influencing the 
distribution of recreational activities within the Region.

Infrastructure supports managed recreational access to islands in the Region. 
© Matt Curnock

Figure 5.17 Investment in reef protection markers (RPMs) and public moorings within the Region, 2016–17 to 2018–19
Source: Queensland Parks and Wildlife Service 20191008
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In 2017, local residents were moderately confident in, and supportive of, Reef management approaches (48 per 
cent). They were also generally supportive of the rules, regulations and governance in place785, although less so than 
in 2013.1009 Only 24 per cent of local residents in 2017 believed that enough was being done to effectively manage 
the Reef.785 Twenty-seven per cent of residents felt that they did not have fair access to the Reef compared with other 
user groups. Only about one third of residents felt that future generations had been adequately considered in the 
management of the Reef.785

5.5.2 Benefits of recreation
The Reef provides constantly evolving opportunities for people to engage with it. This 
allows them to develop a sense of identity based on living within the Region, pride 
in the World Heritage Area and an appreciation of its outstanding natural beauty and 
biodiversity. The recreational and lifestyle opportunities provided, mean that people 
develop a distinct culture that depends on the Reef.783 This cultural relationship defines 
who they are as a community and provides a day-to-day sense of meaning and feeling 
of belonging, which are critical for emotional and mental wellbeing.852 Survey results suggest that the cultural value of 
the Reef has significantly increased for residents since 2013 despite the loss of corals from climate change.1009

The Reef’s outstanding universal value, encapsulated 
by its biophysical and natural heritage value, is one 
of the primary reasons why people visit the Reef for 
recreational purposes. As well as being a key part of 
people’s identity in the Region and more broadly, as 
an Australian, the Reef is woven into the society of 
coastal communities and generates significant regional 
economic value.783 Economic value of the Reef was 
the most important value identified by residents in 
2017.1009 Quantifying and monitoring recreational 
use of the Reef in terms of numbers of people and 
locations is difficult, although it was estimated that 
the Reef received 3.9 million visits in 2016.846 Gaps 
remain in our understanding of trends and locations of 
recreational use in the Region.

In 2017, 81 per cent of residents stated that the 
Reef contributed to their quality of life and wellbeing, 
and the majority loved that they live beside the Reef. 

However, only 48 per cent were optimistic about its future.785 Declines in Reef condition are interlinked with human 
wellbeing.843,850,1010 Most users have a strong positive association with the Region believing that the Reef makes them 
feel better physically and/or mentally.785 Conversely, depression and anxiety are feelings that have been linked to 
environmental decline.1011 The Reef is highly valued by residents of the Region for its beauty, the seafood and lifestyle 
it provides, and by Traditional Owners for its rich Indigenous heritage and spiritual importance.

In 2015–16, recreational activities (including recreational fishing) was one of the prominent direct uses of the Region, 
generating $346 million (value-added) to the Australian economy, a 41 per cent increase on the $244 million 
(value-added) estimate for these activities in 2011–12 (Section 5.1 Table 5.2).846 In Australia, recreational activities 
generated the equivalent of 3200 full-time jobs, approximately 20 per cent higher than the 2011–12 estimate of 
2700.846 The greatest contribution associated with recreational activity is attributed to expenditure on equipment, 
including the purchase of boats and repair of recreational equipment.

Recreational users contribute to the long-term protection and management of the Region’s values by collecting 
valuable information on Reef condition, marine animals and incidents through programs, such as Eye on the Reef, 
Reef Guardians and the Strandings Hotline. These community-based programs are built to empower people to 
understand trends in condition and reduce threats to the Region. For example, more then 4000 people were involved 
in the marine debris project between 2014 and 2016.316

5.5.3 Impacts of recreation 
Few studies have investigated the impact of recreational uses (excluding fishing) on 
the Region, probably because it is not regulated by any permit system and recreational 
users can be transient. Recreational uses can affect the Reef through direct localised 
impacts, such as anchor damage, litter, vessel groundings, handling marine organisms 
(such as sea stars), boat strikes on marine organisms, disturbance of shipwrecks 
and other heritage sites, disturbance by personal drones of wildlife and human 

Residents feel the Reef 
contributes to their quality of 
life and wellbeing

Recreational activities support an active way of life and wellbeing.  
© Ross Miller 2019

Most recreational impacts are 
concentrated around major 
population centres
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enjoyment1012, damage to corals from snorkelling and diving fins, and negative interactions between different 
users especially in relation to vessel, speed and noise (for example, jet skis).785,1007,1013 Indirect impacts include 
encroachment of structures on the Region, such as those that provide access and facilities for recreational users (for 
example, boat ramps and moorings). Most impacts are minimal and concentrated around major population centres. 
However, given the sheer number of recreational users in the Region, the cumulative effect of many small impacts 
concentrated in certain areas can be significant.

Recreational activity in the Marine Park can be influenced by the state of the ecosystem, weather, water quality, 
access, socio-demographic factors, visual amenity, social interaction, and health and wellbeing of individuals.843,1014 
The current and future implications of climate change, poor water quality and coastal development on the values 
of the Reef are key sources of uncertainty and community concern.843 In 2017, residents’ knowledge of the current 
ecological predicament of the Reef was higher than in 2013, with residents’ understanding of climate change 
increasing from 53 per cent in 2013 to 68 per cent in 2017.1009

Impacts from recreational users are predominantly 
managed by public education and public infrastructure, 
such as signage. Because of the vast size of the Marine 
Park, management focuses heavily on ensuring users are 
aware of the impacts of their activities, thereby fostering 
self-management. Providing information about threats 
caused by recreational activities, and how they can be 
managed, plays a major part in managing recreational use 
and encouraging stewardship through responsible reef 
practices. Well-known avenues for providing information 
include zoning maps, mobile phone apps and signage.

Recreational users may interrupt the connection Traditional 
Owners have to their sea country by removing or 
damaging significant artefacts or sites of cultural 
significance (whether intentional or unintentional).1007 High 
recreational use in culturally significant areas can also 
displace Traditional Owners by preventing them from 
accessing these sites and practising their culture  
(Chapter 9). 

Damage to the environment from tourism, commercial fishing and recreational vessels does occur in the Region due 
to accidental groundings, human error and severe weather. The number of incidents from tourism and recreational 
vessels are likely to rise with increasing visitation. From 2013 to 2018, recreational vessel groundings were more 
common than either tourism or commercial fishing vessel groundings (Figure 5.18). The spike in recreational vessel 
incidents in 2017 is probably due to cyclone Debbie resulting in vessels being washed up on nearby islands, fringing 
reefs and the coast. It is assumed that the number of incidents occurring in the Region are higher than what is 
reported to managing agencies.

Underwater reefscape view of diver on Patches 3 Reef. 
© Matt Curnock 2018

Figure 5.18 Number of groundings of recreational, commercial fishing and commercial tourism vessels in the Marine 
Park, 2011–2018 
Recreational vessels include recreational yacht, sail and powerboats. Commercial fishing vessels include foreign fishing vessels. 
Commercial tourism vessels include tourist and charter vessels. It is unknown how many recreational vessels are active in the 
Region per day or year. These groundings are only a small proportion of the total vessels that operate in the Marine Park on any 
given day. Total vessel registration numbers for Queensland are shown in Figure 5.16. Source: GBRMPA 20191015
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The majority of vessel access to the Region is via public launch facilities (such as boat ramps) maintained by  
local and state governments. Construction and maintenance of launch facilities can directly affect the Region through 
clearing of coastal habitats, dredging and disposal (capital and maintenance). Encroachment of permanent human-
made structures in the marine environment can also affect the aesthetic value of the area. Up-to-date data are  
lacking on the extent of this infrastructure (within or adjacent to the Region) and its impact on the Region. 
Infrastructure continues to be upgraded, and new infrastructure built, to keep up with demand for this ongoing  
direct use of the Region. 

Introduced species, including weeds, marine pests or feral animals brought into the Region by recreational users, 
pose a threat to the Region (Section 3.6.3). For example, international yachts entering the Region are a high-risk 
vector. Other disturbances from recreational use include oil and chemical spills, sewage discharge and disturbance of 
wildlife, particularly on beaches and islands.1007 

5.6 Research and educational activities

5.6.1 Current condition and trends of research 
 and educational activities
The Reef is of strong scientific interest due to its high biological and ecological diversity, 
geomorphology, and Indigenous heritage value and social value. Scientific research 
has made, and continues to make, a critical contribution to the way the Region is 
understood, managed and used.2,6,24 

Research on reef restoration and adaptation has increased rapidly since 2014 and 
will continue to grow. Interest has increased in undertaking localised pilot studies 
for restoration activities based on techniques used internationally.1016 For example, some non-profit organisations 
and tourism operators are investing in coral nursery and propagation studies in an effort to help high-value tourism 
sites recover from tropical cyclone damage and recent mass coral bleaching events. The response of coral reefs to 
climate change has continued to be an important area of active research, its pertinence highlighted by the significant 
temperature-related damage to coral reef habitat across much of the Region in the summers of 2015–16 and 
2016–17. It has generated new insights into the relationship between heat exposure, bleaching and coral mortality, as 
well as shifts in coral assemblages and the resilience of recruitment processes.88,91,96,141,501

A network of six island research stations located at Lizard Island, Low Isles, Green Island, Orpheus Island, Heron 
Island and One Tree Island continue to be integral to the conduct of research activities on the Reef. Scientific 
Research Zones around these stations are intended to provide areas for research and education, generally free from 
extractive activities of other users. 

The majority of permitted educational activities are focused on learning about the natural and cultural values within 
the Marine Park and associated field research methodologies. These educational programs are generally based at the 
island research stations; more than 60 per cent of the education permits issued between July 2014 and March 2018 
were for education classes visiting the Heron Island Research Station.1017 Permitted educational activities also include 
courses for recreation or professional activities, such as sail training or occupational dive certification.1018

Management The Zoning Plan and the Marine Park regulations set out the way in which research and educational 
activities are managed. Limited impact research may be conducted by accredited research institutions in accordance 
with the zoning plan and the Marine Park regulations. All other research and educational activities are managed 
through permits issued jointly by the Marine Park Authority and the Queensland Parks and Wildlife Service.1018 The 
Guidelines for Managing Research in the Great Barrier Reef Marine Park1019 complement the statutory framework 
by providing further definitions, examples and best environmental practice guidance for researchers, particularly when 
conducting extractive research. Additional guidance (developed in the last few years) is provided by the Guidelines: 
Permit applications for restoration/adaptation projects to improve resilience of habitats in the Great Barrier Reef 
Marine Park.24,1020

Scientific monitoring and question-driven research for key processes, habitats, species and use patterns, particularly 
when maintained long-term, enable early detection of trends and changes in a range of the Reef’s values and factors 
affecting them. The Reef 2050 Integrated Monitoring and Reporting Program1021 is being developed to inform 
management of the Reef and to track the progress of the Australian and Queensland governments’ long-term plan 
(Reef 2050 Plan) to protect the Reef (Section 7.4.3 and Section 10.3 Box 16). This initiative will help refine existing 
monitoring and research and improve adaptive management.

The Region is highly valued 
for research and educational 
activities
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5.6.2 Benefits of research and educational activities
Research and monitoring of the Reef contribute to global knowledge about individual species, coral reef systems 
and tropical marine ecology. For example, research within the Region has contributed significantly to climate change 
science, including advancing understanding of the resilience and adaptation potential of habitats, species and human 

communities.163,219,501,850,1022,1023,1024,1025 Improved understanding of the Region’s values 
and how components interact and respond to changing conditions contributes to its 
protection and management. 

Targeted and applied research provides information that helps managers assess 
the outcomes of various management initiatives, including the effectiveness and 
potential impacts of innovative reef intervention actions. A significant policy shift is 
being progressed in terms of increasing use of deliberate and pro-active intervention 
approaches to restoration and adaptation, rather than relying solely on supporting 

a resilient ecosystem and allowing natural recovery after disturbance.24,1020 The first phase of a multi-agency reef 
restoration and adaptation research and development program, led by the Australian Institute of Marine Science, 
is underway.1026 The program aims to investigate options to support the Reef using cost-effective and scalable 
prevention and repair interventions, including both engineering and biological approaches.

Knowledge derived from research related to the Region also supports management in many other ways, including 
advancing understanding of resilience components and cumulative impacts, refining modelling used to predict Reef 
processes (including hydrodynamics and biogeochemistry), and improving efficiency and effectiveness of crown-of-
thorns starfish control measures.88,423,757,758,1027,1028,1029,1030

A range of academic institutions and government agencies undertake research on the Reef, providing income and 
employment in regional communities. A recent study suggested scientific research and Reef management was worth 
an estimated $182 million to the Australian economy in 2015–16.846 This represents a doubling in both value-added 
economic contributions and full-time employment in this sector since 2011–12 (Section 5.1 Table 5.2). 

5.6.3 Impacts of research and educational activities
Research and educational activities can affect ecosystem and heritage values. These impacts are generally minor 
or locally constrained, given current management arrangements. Little is known about the cumulative impacts of 

research and educational activities undertaken in the Region. The concentration of 
research and educational activities around research stations has the potential to locally 
deplete some species, disturb wildlife and cause some minor, localised physical 
damage to habitats. Over 70 per cent of all research permits granted between July 
2014 and January 2018 include access to at least one of the Scientific Research Zones, 
with the majority of these programs basing their fieldwork at Lizard Island, Orpheus 
Island or Heron Island research station.1017 Impacts are managed, in part, through the 
local management of research station directors. Directors have the mandate to influence 

the spread of activities in space and time so as to reduce conflicts and minimise local depletion. The Marine Park 
Authority’s new online reporting portal has improved access to information on permitted research take (for example, 
numbers of specimens collected). 

5.7 Ports 
Twelve ports are located in the Region (Figure 5.20) and are within the World Heritage Area. Of these, only the ports 
of Cooktown and Quintell Beach in Cape York are located wholly within the Marine Park (Box 8). Port development 
can be described as in-water areas (maritime port infrastructure) or areas above low water mark (land-based port 
infrastructure). While port activities will continue to have localised adverse impacts on the marine environment, 
changes to the regulatory framework have reduced the potential for impacts from capital dredging and associated 
disposal of dredge material in the Region. These regulatory changes, in conjunction with a cooperative approach to 
managing the impacts of port development and changed market conditions, have seen a reduction in maritime port 
development activities (in-water areas) since 2014. 

Ports form an integral part of the maritime supply chain supporting industries, trade and local communities. Maritime 
port infrastructure, including shipping lanes, channels and berths, are critical to the ongoing operation of many trade 
industries. In the same way that roads and rail must be maintained, the upkeep of maritime port infrastructure is 
essential for the efficient flow of trade.1031 

Research underpins 
management of the Region 
and has economic, social and 
cultural benefits

Research and educational 
activities are often 
concentrated around research 
stations
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What is a port?          
The limits of the Region’s 12 ports (Figure 5.20) are defined by the Transport Infrastructure (Ports) Regulation 
2016 (Qld). Multiple jurisdictions regulate port operations, making port governance complex. Port exclusion 
areas (operational areas) exclude port areas from the Great Barrier Reef Marine Park. Ten of the 12 ports (all 
except Cooktown and Quintell Beach) have exclusion areas. The operational areas of the priority ports are 
located outside the Commonwealth and state marine parks. The ports at Cape Flattery, Lucinda and Port Alma 
(Rockhampton) have small parts of their operational areas in the state marine park. 

Port management involves inter-connected jurisdictions, each with their own definitions and key concepts. Four 
ports are priority ports under the Sustainable Ports Development Act 2015 (Qld) (the Ports Act) — Gladstone, 
Mackay/Hay Point, Abbot Point and Townsville. The ports of Mackay and Hay Point are referred to as one priority 
port; the Port of Cairns is not a priority port but is considered under the Ports Act. The major trading ports 
are the ports of Gladstone, Mackay, Hay Point, Abbot Point, Townsville and Cairns. Smaller trading ports are 
community or minor ports. 

5.7.1 Current condition and  
 trends of ports
The current condition of ports is measured by the trend in port-
related activities that influence the values of the Region (such as 
dredging and dredge material disposal and the location of that 
disposal) and the level of activity generated (trade throughput). 

Dredging and disposal at ports has a long history, with dredging 
first occurring at Townsville and Cairns in the early 1880s.1032 This 
activity remains an essential operational requirement at all ports 
in the Region1033 and is undertaken in two forms: capital and 
maintenance dredging. Capital dredging creates new, or improves 
existing, channels and berths to accommodate increased traffic 
and larger ships (Section 5.8).1034 In contrast, maintenance 
dredging involves removing the build-up of mainly fine sediments 
that accumulate in existing channels and berths.1035 Once marine 
sediments are dredged, the material is either disposed of at sea in 
offshore disposal areas or beneficially reused (for example, in land 
reclamation, beach nourishment or restoration purposes).1036 

The volume of sea disposal of capital dredge material across 
the ports in the World Heritage Area has reduced significantly 
since the last Outlook Report (Figure 5.19). In 2013, the annual 
combined capital and maintenance dredge material disposed of 
in the World Heritage Area was about 1.7 million cubic metres. At 
that time, a further 30+ million cubic metres was proposed  
for marine disposal.2 However, limited sea disposal of capital 
dredge material has actually occurred since 2013. The average 
annual total for combined capital and maintenance dredging 
disposal in the World Heritage Area was 1.5 million cubic metres 
for 2013 to 2016.

All ports require maintenance dredging. However, some ports 
have greater maintenance dredging requirements as a result of 
local port characteristics (for example, a shallow harbour). The 
ports of Cairns and Townsville are both shallow harbours, and 
have higher levels of sedimentation due to natural sediment 
transportation and coastal storm events.1034 Maintenance 
dredging across the Region was limited in 2015 and 2016; 
some maintenance dredging occurred in Cairns, Townsville and 
Gladstone between 2014 and 2017 (Figure 5.20). 

Figure 5.19 Dredge material disposal (capital and 
maintenance) in the Great Barrier Reef World Heritage 
Area, 2009 to 2016 
The data shown include permitted works issued under the 
Environment Protection (Sea Dumping) Act 1981 (Cth) and 
do not include dredge campaigns in internal waters. Ports 
are the largest contributors; smaller volumes originate from 
other marine access facilities. Disposal within port limits 
(including port exclusion areas) is included. Commonwealth 
and Queensland regulatory changes in 2015 combined to 
impose restrictions on capital dredging and disposal in the 
World Heritage Area. The data inform annual reports to the 
International Maritime Organization1037.
Source: Department of Environment and Energy 20181038

Aerial view of the Port of Townsville and the Ross River. 
© Matt Curnock 2019

BOX 8
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Figure 5.20 Maintenance dredge volumes in the Great Barrier Reef World 
Heritage Area, 2004 to 2017
The map shows the 12 ports in the Region. The graphs show volumes of 
material dredged for maintenance purposes at the six major trading ports. 
Asterisks with numbers are used to show data when bars are small and 
difficult to discern. Source: Department of Transport and Main Roads 20181034, 
Queensland Ports Association 20171039 and 20181040

Port of Townsville receiving a ship for unloading. © GBRMPA
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Approved sea disposal areas (or dredge material placement areas) offshore from ports in the Region cover 
approximately 66 square kilometres (or less than 0.02 per cent of the Region). About half of these areas are in the 
Marine Park (that is, adjacent to the ports of Cooktown, Cairns, Abbot Point and Hay 
Point) and include sea disposal areas located near the marine access facilities at Port 
Douglas and Rosslyn Bay. Since 2014, only maintenance dredge material has been 
relocated to these sea disposal areas. While some data are available (mainly in reports 
associated with statutory environmental impact assessments), condition and trend 
data on the retentive capacity and impacts on adjacent habitats are not collected and 
collated across all ports in the Region. 

Land reclamation occurs when an area is restricted from tidal influence and converted into land above the high water 
mark. While land reclamation has occurred in the Region since European settlement for port and other purposes, 
the extent is difficult to quantify. A reclamation area can be filled with dredged material or other fill. It is not known 
how much dredge material from the Region’s 12 ports has been disposed on land or used beneficially (for beach 
nourishment or environmental restoration purposes) since 2014. 

Management Before 2014, port development and operations in the Region were in the national and international 
spotlight, with the UNESCO World Heritage Committee recommending threats from ports be avoided by prohibiting 
development within and adjoining the World Heritage Area.1041 Significant management changes have since taken 
place, and the effectiveness of these changes is addressed in Chapter 7. In June 2015, the Marine Park regulations 
were amended to prohibit sea disposal (greater than 15,000 cubic metres) of capital dredge material in the Marine 
Park. Also, in November 2015, the Queensland Government enacted the Sustainable Ports Development Act 
2015 (Qld) (the Ports Act) to provide for the protection of the World Heritage Area through managing port-related 
development in and adjacent to the area.1041,1042 The Ports Act applies to all 12 ports in the Region; it prohibits sea 
disposal of capital dredge material and restricts capital dredging in the World Heritage Area, subject to exceptions.

Priority port master planning is also a substantial management initiative under the Ports Act. The master plan for 
the Port of Gladstone was the first to be released in late 2018. It provides strategic direction for future development, 
including widening and deepening of shipping channels.1043 The Port of Townsville released its draft master plan in 
late 2018.1044 In 2016, the Queensland Government adopted the Maintenance Dredging Strategy for Great Barrier 
Reef World Heritage Area Ports1034, which sets out a framework to monitor maintenance dredging and disposal 
volumes at all ports.

Regulatory controls provide avoidance and mitigation measures to reduce the scale of impacts from dredging, 
disposal and sedimentation. Managers also apply mitigation measures, such as environmental windows (periods 
of go-slow or, in some cases, no dredging).1045 Such measures aim to minimise impacts during periods of coral 
spawning, seagrass recruitment1046, and turtle breeding, and immediately following severe weather events.1034,1047

5.7.2 Benefits of ports
Ports provide critical support services and help maintain and grow the economy. Ports 
enable the export of agricultural and mineral commodities and the import of goods, 
such as fuel, cars and household items that support regional communities. Combined 
trade throughput at the priority ports in the Region (Townsville, Abbot Point, Hay 
Point/Mackay and Gladstone) exceeded 262 million tonnes in 2016–17. This trade 
represents a 3.4 per cent decrease from the previous year.1048 The Port of Gladstone 
experienced steady growth since 2014 (3.6 per cent), 
exceeding 120 million tonnes of total trade throughput 
in 2016–17. In the same period, the steepest decline 
in total trade throughput was observed at the Port of 
Townsville (about 25 per cent reduction). 

Historical growth in throughput and marine access 
at ports (including cruise ships and defence vessels) 
helped drive the Queensland economy and led to 
the development and growth of adjacent towns. 
This growth has increased the demand for goods, 
employment and infrastructure to service the 
expanding population.1049 While comprehensive 
data on direct and indirect employment across all 
ports in the Region are not available, in 2016–17 
it was estimated that the priority ports generated 
employment of 960 full-time equivalent jobs. This 
number represents a 0.6 per cent increase from the 
previous year.1048,1050

Combined trade throughput at 
the priority ports exceeded 262 
million tonnes in 2016–17 

James Cook University’s Seagrass Ecology Group at Abbot Point 
conducting annual seagrass monitoring funded by North Queensland Bulk 
Ports. © JCU Seagrass Ecology Group, Cairns

Since 2014, sea disposal of 
capital dredge material has 
been reduced
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A further indicator of the economic stimulus generated by ports is the scale of capital works they undertake. Across 
the priority ports since 2014, such works include:

• Townsville — construction of the $40.7 million Berth 4 upgrade project, completed in early 20181051 
• Gladstone — completion of the $29.5 million Stage 1A East Shores precinct in 2014, with Stage 1B   
 expected to begin in 2019.1052 

Ports sustain jobs indirectly through ongoing industrialisation and commerce in their local communities, sometimes 
reaching well beyond the local area of the port. Between 2011 and 2016, the greatest population increases adjacent 
to priority ports were in Townsville and Gladstone, which grew by about seven and four per cent, respectively.1053,1054 
Economic prosperity in the catchments’ surrounding ports has driven the development of other support 
infrastructure, such as railways, roads and power networks.

The contribution made by ports towards long-term monitoring programs for seagrass, coral, benthic communities 
and water quality, provides a benefit by expanding the scientific knowledge of the Region. Recognition and 
partnerships with Traditional Owners has also improved in some locations.1055

5.7.3 Impacts of ports 
The operation and expansion of ports exert a mix of pressures on the environment.1056 These pressures range from 
direct removal of habitat (by dredging the seafloor) through to indirect environmental impacts, such as intermittent 
noise pollution (from a concentration of ships, dredging, pile driving or constructing revetment walls). Dust, cargo 

and pollutant spills, and light pollution from port infrastructure can all affect the marine 
environment and are monitored and managed within port areas. 

Dredging activities (dredging and disposal of dredge material) affect the values of the 
Region. Disposal of capital dredge material at sea is an activity with potential to harm the 
marine environment.1032 However, regulatory changes since 2014 have reduced current 
direct threats associated with this activity (Sections 5.7 and 7.3.4). Limited capital 

dredging may still be permitted at priority ports in some circumstances, and small-scale capital dredge disposal (up 
to 15,000 cubic metres) can be dumped in the Region.1057 Further, sea disposal of maintenance dredge material and 
reclamation remain activities that can be permitted.

The intensity of impacts from dredging and disposal are affected by: the type of dredging undertaken (capital or 
maintenance); the volume of material dredged or dumped; local sediment and benthic characteristics (such as 
the depth of the harbour); prevailing winds and currents; extreme weather events; and the configuration of port 
infrastructure. These characteristics can influence the spatial and temporal scale of the impacts. Understanding how 
these factors interact is key to managing the impacts of maritime port development.

Increased suspended sediment concentrations from dredging activities can have broad impacts: increased turbidity 
may smother organisms that live on the bottom (such as corals1058,1059 and seagrasses60,517) and reduce light 
availability.1060,1061 The effects on mobile species in the marine environment from increased turbidity and reduced light 
is an ongoing concern.1047,1062,1063 These effects can occur as a result of active dredging, and also because of natural 
resuspension of existing sediments over time, which can affect adjacent habitats and species.1061 In combination, 
consideration of local environmental conditions1064, regulations and mitigation measures are intended to reduce the 
magnitude of impacts from dredging and disposal activities.

In some locations, sea disposal is more viable than land-based disposal.1065,1066 Factors that contribute to the viability 
of a dredge material placement area include local hydrodynamics, the retentive nature of the marine environment, 
distance from sensitive areas, jurisdiction and cost-benefit considerations.1067 Because sea disposal sites are situated 
in the active coastal sedimentary system, the material will gradually reassimilate.1035

Impacts from dredging are estimated to be localised, with contemporary modelling in Australia suggesting dredge-
related turbidity and associated impacts may be restricted to within 0.5 to five kilometres of a dredging site.1061,1068 
Until recently, it has been difficult to identify the origins of suspended sediments present in the Region, such as 
distinguishing sediments from dredging activities and river inflows (Section 3.2.4)43,467,473 from background sediments 
and the influence of local hydrodynamics1046,1068,1069. Understanding the relationship is an expanding field.1035,1070

Reclamation and land-based disposal are alternatives to sea disposal of dredge material. Environmental impacts will, 
in the main, be transferred from the marine ecosystem to the land or adjacent waters, or the Catchment. The impacts 
on the marine environment from land-based disposal of dredge material can be more readily managed, observed 
and mitigated than the impacts of easily dispersed sediment in the water column.1032,1065,1071 Associated impacts 
on intertidal and coastal ecosystems above low water mark are assessed in Section 3.5. Weighing up the degree 
of impacts from each type of disposal method requires a site-specific assessment.1070,1071,1072 Land-based disposal 
is often not the preferred option for disposing of dredge material from port development for a range of reasons. 
For example the sediment from maintenance dredging is generally too fine or poor in quality for the construction of 

Impacts from ports are 
generally localised
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land.1032,1067,1073 Fine dredged sediments can also remain 
highly unstable when on land, potentially re-entering 
waterways through run-off and seepage through armour 
walls.1032,1065,1074 The total extent of reclamation (legacy and 
current) and land-based disposal across the Region, remains 
a knowledge gap.

Other impacts, such as heavy metal contamination1075, 
marine debris and impacts on the Region’s aesthetic 
values can also result from port operations and associated 
shipping (Section 5.8). Coal and coal seam gas exports 
have historically been and remain the largest driver of 
port expansion in the Region. Direct impacts continue to 
occur from coal dust contamination, which escapes as 
coal is transferred between train and ship, and large coal 
rocks dislodged from ships during adverse weather. Hydrocarbon markers from coal have been identified up to 
180 metres offshore from Mackay,1076 with concentrations of coal dust higher in inshore sediments and decreasing 
offshore.1075,1077 Coal particles have the potential to affect corals, fishes and seagrasses through light limitation, direct 
smothering and reduced feeding efficiency.1078,1079 However, some knowledge gaps remain regarding the effects of 
coal contamination on marine organisms in situ.

Noise pollution can be created by various port activities above and below water. Since 2014, observations have 
demonstrated that juvenile fishes may suffer lethal impacts from noise pollution associated with port activities, such 
as pile driving.1047 Light pollution produced by port infrastructure, shipping (Section 5.8), marine tourism (Section 
5.2) and coastal development (including island resorts; Section 6.4) can interrupt the navigation ability of marine 
species and influence ecological processes, such as predation and recruitment.1080 For example, bright lights 
can disrupt the sea-finding ability of turtle hatchlings1081, with glow from port infrastructure on Curtis Island (near 
Gladstone)327 potentially affecting turtles some 15 kilometres away.1081

Ports are an established use of the Region and, as with any other use, their presence and ongoing operation 
continue to pose a range of threats to habitats and species. Some impacts associated with the operation of the 12 
ports in the Region have been reduced since 2009, while others persist. Of the impacts that remain, some could 
not be mitigated even with significant additional intervention (for example, effects on aesthetic values or permanent 
removal of intertidal and inshore marine habitats).

5.8 Shipping 

5.8.1 Current condition and trends of shipping
In this report, shipping includes vessels greater than 50 metres 
in overall length, including cruise ships and large recreational or 
commercial superyachts. Shipping also includes vessels carrying 
specialised product regardless of length (for example, oil tankers 
and chemical or liquefied gas carriers). While cruise ships are 
a commercial marine tourism use, their size and management 
are more aligned to shipping in this chapter than commercial 
marine tourism (Section 5.2). Shipping within Torres Strait, which 
is outside the Region, does not form part of this assessment, 
unless relevant to the Region (for example, where ships enter the 
northern part of the Region).

Given Australia is an island nation, shipping provides a critical 
servicing role and supports the economy through both imports 
and exports. Compared with other areas around Australia (and 
internationally), shipping traffic through the Region is relatively 
limited. In Singapore, more than 130,000 ships are processed 
annually1082, compared to approximately 3000 individual ships 
that transit the Region annually (Figure 5.22).1083 Around 11,000 
voyages were made through the Region in 2018, with some ships 
stopping over at major and minor ports.

In 2014, a projected 250 per cent increase in shipping traffic 
through the Region was predicted to eventuate over the next 20 

Curtis Island, Port of Gladstone. © Aerial Media Gladstone 2019 

Figure 5.21 Ships visiting the Region, 2013–2018
Total number of ships visiting the Region per calendar year and 
the total number of voyages made by those ships. The ships 
include coal carriers, bulk carriers, container carriers, vehicle 
carriers, general cargo ships, tankers, liquefied natural gas 
ships, cruise ships and superyachts >50 metres (fishing, other 
tourism and recreational vessels are not included). Ships using 
the Great North East Channel are excluded, as these generally 
cross Torres Strait without entering the Region. 
Source: Maritime Safety Queensland 20181085
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years. Based on port industry forecasts in 2012, approximately 5800 ships were expected to dock at Reef ports in 
2017.1084 However, Queensland port throughput in 2016–17 had decreased by 0.9 per cent from the previous year, 
with a 6.3 per cent decrease in coal exports on the previous year.1048 While the rate of shipping growth projected in 
2014 has not eventuated, ship voyages through the Region are slowly increasing (Figure 5.21).1085,1086

Ships may transit the Reef using the shallower inner route, or transit around the outer barrier reef using the 
outer route. In 2014, a two-way shipping route in the Great Barrier Reef and Torres Strait was formalised by the 
International Maritime Organization to encourage shipping traffic to use established lanes and separate northbound 
and southbound traffic. Ships that transit the Reef enter using one of six major shipping channels (or passages) 
(Figure 5.22). The Prince of Wales Channel, which enters at the tip of Cape York, is the busiest, followed by the  
inner route, which enters to the north of Cooktown.1085 Fewer ships enter the Reef through the Whitsunday and 
Grafton passages. 

The number of ships entering the Reef through the northern two channels decreased from 2014 to 2017, but 
increased slightly in 2018 (Figure 5.23). Hydrographers Passage and Palm Passage, offshore Townsville, have seen 
the greatest increase in shipping traffic since 2013.

The shorter and shallower inner route is favoured by most vessels with shallower draught (less than 12.2 metres) or 
larger unladen ships returning without cargo, which sit higher in the water.1089 In the outer route, there is no restriction 
on the draught of ships (hull depth) as water depth can extend to more than 1000 metres.134,135 There is a global trend 
towards longer ships with deeper drafts.1086 This may result in a net reduction in the number of small ships transiting 
the inner route of the Region. Since 2013, the average ship length has increased by approximately 20 metres (from 
196 metres to 214 metres in 2018).1085 This will have flow-on effects to shipping lanes and future port infrastructure 
requirements.1043,1044 Older vessels, which are more expensive to operate, are being retired.

Liquefied natural gas (LNG) production is expected 
to reach full capacity in 2018–19, which may result 
in an increase in the size of LNG ships visiting 
Australia.1089 In April 2018, the International Maritime 
Organization adopted an initial strategy to reduce 
greenhouse gas emissions from international 
shipping. Under this strategy, international ships 
are urged to reduce carbon emissions by 40 per 
cent by 2030 (compared to 2008 emission levels), 
pursuing efforts towards a 70 per cent reduction by 
2050.1090 In addition, mandatory energy efficiency 
measures to reduce greenhouse gas emissions 
have been adopted under international regulations 
since 2013.1091 This will mean that ships transiting 
the Region in future are more energy efficient.

While cruise ships comprise a minor component 
of the commercial ships transiting the Region, the 
number visiting the Region has increased gradually 
since 2015. Cruise ships are getting larger and 
carrying more passengers. With a cruise ship 
terminal being developed in Brisbane, growth in 
traffic along the Region’s coastline is expected to 
increase from 2020.1086 Cruise ships can transit 
through the Region via the designated shipping 
area, and they have the option of port stopovers 
(Cairns and offshore Whitsundays being the 
most common) or anchoring within designated 
cruise ship anchorages. The number of cruise 
ship bookings to designated anchorages in 2018 
exceeded the previous four years and was the 
second highest on record since the booking 
system began in 2012 (Figure 5.24). Areas between 
Townsville and the Whitsundays have consistently 
received the highest level of cruise ship activity, 
concentrating around the Whitsundays.

Figure 5.22 Major shipping channels and ship movement patterns over a 
30-day period, June 2018
Ship positions (polled by satellite) for the selected period are similar for 
different times of the year and have been chosen to illustrate general 
shipping patterns within and outside the Region. Source: Australian Maritime 
Safety Authority (Cth) 2018.1087 The data have been used in the Outlook Report with the 
permission of the Australian Maritime Safety Authority (AMSA). However AMSA have not 
evaluated the data as altered and incorporated within the Outlook Report, and therefore, 
gives no warranty regarding its accuracy, completeness, currency or suitability for any 
particular purpose.
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Superyachts greater than 50 metres in length also visit the Region, with the majority being private, high-value luxury 
vessels rather than commercially operated. Given the size of these vessels, the threats 
they pose and the management actions applied are similar to other shipping in the 
Region. Once superyachts reach 50 metres or more they are required to participate in 
the Great Barrier Reef and Torres Strait Vessel Traffic Service (see below), and vessels 
over 70 metres require a ship pilot to be on-board within compulsory pilotage areas. 
Superyacht numbers are likely to increase in the future, underpinned by an increasing 
number based in the Asia-Pacific region and by recovering cruising and charter activity 
across the international market.1093

Management The Reef is designated as a Particularly Sensitive Sea Area by the International Maritime Organization, 
and shipping is closely managed by multiple government agencies. Since 2014, shipping management has been 
coordinated and strengthened by implementation of the North-East Shipping Management Plan, revised in 
2019.1086 The plan sets out protective measures to further reduce some of the environmental impacts from shipping 
activities (Section 5.8.3). These protective measures include further investigation of the impact of ship anchorages, 
resuspension of sediment generated from ship propellers and habitat restoration techniques following damage from a 
ship grounding. 

Ships are restricted to areas of operation in the Region based on 
the Zoning Plan and designated shipping areas. For ships over 70 
metres, such as loaded oil tankers, chemical carriers and liquefied 
gas carriers (irrespective of length), pilotage is compulsory 
for the inner route, Hydrographers Passage and within the 
Whitsundays (Figure 5.22). Pilots, are licenced by the Australian 
Maritime Safety Authority to help ships safely navigate through 
the Region. A new two-way route along the length of the Torres 
Strait and Great Barrier Reef was approved by the International 
Maritime Organization in 2014. This, coupled with an upgrade to 
emergency towage capability in the Region and Coral Sea, has 
improved response strategies and reduced the risk of a potential 
shipping incident.1086 

The Queensland Government is the vessel traffic services 
authority for Queensland and operates five vessel tracking centres 
for Queensland ports and surrounding waterways. The operation 
of the Great Barrier Reef and Torres Strait Vessel Traffic Service 
(established in 2004) provides 24-hour tracking and monitoring 
of all shipping traffic in the Great Barrier Reef and Torres Strait 
regions. This service can divert ships if there is a possible traffic 
conflict, intervene to prevent a maritime incident, monitor maritime 
incidents and support effective response (Chapter 7).

Figure 5.23 Ship voyages through Great Barrier Reef entry 
passages and the inner route, 2013–2018
Total number of ship voyages passing through the six main 
entry passages (channels) to the Reef and along the inner 
designated shipping route. The ships undertaking voyages 
include coal carriers, bulk carriers, container carriers,  
vehicle carriers, general cargo ships, tankers, cruise ships  
and superyachts (fishing, other tourism and recreational  
vessels are not included). Source: Australian Maritime Safety 
Authority (Cth) 20181088

Figure 5.24 Cruise ship anchorage bookings, 2012–2018
Total number of bookings by cruise ships to designated anchorages within the four Marine Park management areas. 
Source: GBRMPA 20181092

Cruise ships are getting larger, 
carrying more passengers and 
increasing in number
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Ship safety within ports has improved with an increased number of marine surveyors who undertake ship inspections 
while vessels are in port. Between 2014 and 2017, approximately 5000 inspections were undertaken for 25,785 ship 
arrivals at ports in the Region.1088 Many ships visit the same port regularly and most inspection activity occurs in the 
larger, busier ports, such as Brisbane, Gladstone and Hay Point, which accounted for 81 per cent of all inspections 
between 2014 and 2017.1088 Ship safety inspection statistics indicate the standard of shipping arriving in Australian 
ports continues to improve. This is demonstrated by the steady reduction in the detention rates of unsafe ships from 
2011 (nine per cent) to 2017 (five per cent). The average number of deficiencies in ship safety identified per inspection 
has also remained at a low of 2.3.

The Australian Maritime Safety Authority’s safety regulation responsibilities were extended in 2013 to include all 
foreign ships visiting Australian ports, regardless of the nature or route of the voyages involved. Since July 2013, 
foreign-flag ships that could previously operate ‘intrastate’ under Queensland jurisdiction have become subject to the 
state port control regime implemented by the Australian Maritime Safety Authority. This ensures a consistent standard 
is applied to all foreign-flag ships using regional ports. Since 2014, the Australian Maritime Safety Authority has issued 
13 directions to 12 ships to prevent them from accessing Australian ports owing to repeated breaches.

Ships visiting ports to load and unload cargo may need to anchor near a port to wait for a scheduled berth. 
Established anchorages are designated adjacent to Cairns, Townsville, Hay Point, Abbot Point and Gladstone ports. 
Some anchorage areas do not have designated anchorage points (for example, Abbot Point) and there is no single 
state regulator for designating and approving anchorages, nor are there standard processes to follow.1094 The total 
designated anchorage area for all the five ports combined is 2881 square kilometres (less than one per cent of the 
Region).1075 Hay Point coal port has the largest and busiest anchorage within the Region, with 100 anchorages, but 
the number of ships waiting at anchor is generally under half of this. 

Bookings to designated cruise ship anchorages aim to provide an uncongested safe anchorage in places where the 
seafloor is mostly sand with limited habitat structure and the values of desirable locations can be presented to tourists 
(for example, around the Whitsunday and Hinchinbrook islands). Access to locations by the support tender vessels 
that service cruise ships are also managed closely, restricting the number of visits by group size and vessel size in 
high-use locations. Superyachts greater than 50 metres are also required to book to these designated anchorages. 

Ships (including cruise ships) accumulate waste during transit in the form of waste water (oily water, sewage, grey 
water and waste water associated with on-board equipment) and garbage (for example, food waste and plastics). 

A liquified natural gas transport ship moving through the Region. © GBRMPA 
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Australia is party to Annex V of the International Convention for the Prevention of Pollution from Ships (MARPOL)1095, 
which regulates garbage pollution from ships. Discharge of plastic into the sea has been prohibited under MARPOL 
Annex V since 1988, and discharge of all types of garbage into the sea, with very limited exceptions (not related 
to plastics), has been prohibited since 2013. The 2018 Threat Abatement Plan for the Impacts of Marine 
Debris on the vertebrate wildlife of Australia’s coasts and oceans1096 identifies the need to continue to address 
the management of ships’ waste and the role technology can play in managing waste (for example, shipboard 
gasification waste-to-energy systems).

Sewage discharges in the Region need to be in accordance with Annex IV of MARPOL1097 or, for domestic voyages, 
in accordance with requirements of Marine Park regulations for both treated and untreated sewage. Grey water may 
be discharged within the Marine Park, but it must be as far as practicable from reefs and islands.

MARPOL obliges ports make available adequate garbage-reception facilities that meet the needs of the ships calling 
at the port. In Queensland, ships are charged an extra cost in some ports to dispose of their garbage, rather than 
it being included in their berthing fee. The Australian Maritime Safety Authority works closely with ports to identify, 
and rectify, any alleged inadequacies with garbage-reception facilities in ports. In 2018, Hay Point trialled recycling 
certain garbage types from visiting international ships and found it to be feasible.1086 The provision of recycling 
facilities encourages proper disposal and reduces the incentive to dispose at sea to avoid waste disposal fees in port. 
Unreasonable costs associated with garbage disposal in port has the potential to increase the likelihood of at-sea 
disposal, contributing to marine debris impacts.

5.8.2 Benefits of shipping
Ships that visit ports within the Reef provide important services to communities adjacent to the Region, transporting 
cargo as well as supporting tourism. International exports of goods from Queensland increased $12.4 billion to $83 
billion between February 2018 and February 2019.1098 The largest value increase in commodity exports was recorded 
in thermal and coking coal. In 2015, thermal coal exports experienced a decrease, however since that time exports 
have increased, valued at $35.8 billion between February 2018 and February 2019.1098 In general, these fluctuations 
are caused by price, rather than by volume (which has been stable for the past three years).

The economic activity generated by shipping traffic provides a range of social and economic benefits to communities 
in the Region’s Catchment and beyond. Each year, ships and their cargo are processed at ports, with the major 
trading ports (Box 8) processing over 3000 ships per year (Figure 5.25). Hay Point, one of the largest coal export 
ports in the world, has loaded approximately 1200 ships each year since 2014. There is currently no reliable estimate 
of the level of economic contribution (both direct and value-added) from shipping within the Reef. Nor is there an 
estimate of the economic benefit shipping receives from an intact barrier reef that provides some protection from 
oceanic swells.

Figure 5.25 Ships processed by major trading ports within the Region
For the ports of Abbot Point and Hay Point only bulk carriers are reported. For the Port of Cairns the ships include bulk carriers 
and general cargo. All other ports refer to ships or vessels as a total number in annual reports. Source: Ports North1099, Port of 
Townsville Limited1100, Gladstone Port Corporation1101, North Queensland Bulk Port Corporation1102
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Cruise ship and superyacht activities bring potential economic benefits to the local tourism and recreation industries, 
resorts and mainland townships. Cruise ships provide an important platform for presenting the Region’s values to 
both national and international visitors. Cruise tourism contributed $35 million to the Catchment in 
2011–12.858 While an updated analysis of the economic contribution from the Reef cruise ship industry has not been 
undertaken, there has been a 10 per cent per annum increase in cruise shipping within Queensland over the past five 
years. This contributed $501 million dollars to the Queensland economy in 2017–18.1103 Cairns and the Whitsundays 
continue to be the most popular cruise ship ports within the Region with a small amount of growth occurring in 
Gladstone, while Townsville also grew from four ships in 2014–15 to eight in 2017–181103 (Figure 5.24).

5.8.3 Impacts of shipping
To date, the impacts of shipping have mainly been caused by physical damage and pollution from toxic antifoulant 
paint as a result of ship groundings, oil spills, resuspension of sediments from propeller wash, damage to the seafloor 
from ship anchoring1104, illegal discharge of garbage (food waste and plastics), light pollution (ships at anchor) and 
underwater ship-generated noise. Whales being struck by ships is an added impact, with approximately 15 per 
cent of whale strikes reported to the International Whaling Commission occurring in Australian waters (547 total 
reported worldwide up to 2010)392. While the data are not specific to the Region, the number of whale strikes has 
increased since 1874 (when reporting began), with the majority of strikes since 1997 being concentrated on the 
east coast.392 The risk of whale strike increases during the whale migration season and may increase further if an 
increase in shipping, ship size and other large vessel traffic is coupled with an exponentially increasing humpback 
whale population (Section 2.4.14). Some risk of whale strike has been reduced through a notification procedure 
implemented by Marine Safety Queensland, whereby ships are notified when a whale is in one of the port shipping 
channels and ship movements can be delayed to reduce the chances of whale strike. 

Illegal discharge of garbage can reduce water quality and, depending on the type of garbage, create entanglement 
and ingestion hazards for marine and island species. Since 2014, seven shipping companies and their masters were 
found guilty of discharging garbage into the sea and were fined, with fines ranging from approximately $3000 to 
$20,000.1105,1106

Antifouling paints are applied to ships to reduce the growth of marine organisms that build up on the hull and reduce 
ship speed. The paints can contain metal pigments, such as copper, iron or zinc, and biocides that deter growth of 
fouling organisms.1075 These compounds have been detected in water and sediment samples within the Region’s 
ecosystem1075, and concentrations are much higher in ports and near ship groundings.1075

Shipping incidents include those that have the potential to cause significant environmental harm (such as a near 
miss) and those that cause environmental harm. A near miss may occur when a vessel becomes disabled, almost 
runs aground, and requires assistance. It may be the result of mechanical breakdown, negligence or weather. Some 
near misses have resulted in ships coming very close to sensitive habitats. Twenty incidents have been reported in 
the Region since 2014834,1015, comprising groundings, near misses and instances of two ships, or a ship and another 
vessel, coming into close quarters with one another. The majority occurred in the north, between Cairns and the tip 
of Cape York (Figure 5.27). Seven close-quarter interactions involved smaller vessels, such as fishing vessels, nearly 
colliding with ships. Two actual collisions involving ships and commercial fishing vessels have occurred since 2014 
(Figure 5.26). No ship groundings on sensitive habitats have been recorded since 2010, when the ship 
Shen Neng I ran aground on Douglas Shoal. However, in 2018, a ship ran aground on mud in the Gladstone Channel 
following mechanical failure; it was assisted by tugs back into the channel.

Given advances in technology and the level of monitoring of shipping traffic in the Region, near misses should be 
rare. However, human error and mechanical breakdowns are always a possibility. The most serious of these involved 

the Chengyang Eminence in November 2014 north of Cooktown, while 
transiting with a Reef pilot on board. The newly built 225-metre bulk 
carrier’s steering gear failed, bringing it to within one vessel length of the 
reef edge. Significant environmental harm was avoided in that case.

Since 2014, five oil spills have been reported from ships. Four of these 
were minor and involved small amounts of diesel (estimated to be less than 
100 litres). For most of these minor spills, sheens of oil on the water or oil 
patties on a beach were observed, but could not be linked to a particular 
ship. In 2015, a moderate-sized oil spill occurred around Cape Upstart 
(central Great Barrier Reef) that resulted in up to 15 tonnes of oil washing 
up on beaches from Townsville to Dunk Island, across a distance of 
approximately 150 kilometres.

Disturbance from ships anchoring is a chronic impact that is more 
prevalent close to ports and within designated anchorages. An analysis 
of the impact of ship anchorages and their management in the Reef was 

Queensland Parks and Wildlife Service ranger 
investigating oil spill remains following the Cape 
Upstart Oil Spill in 2015. © GBRMPA 2015
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undertaken in 20131104, with no equivalent study 
undertaken since that time. A reduction in aesthetic 
values from ship anchoring was rated as a high 
risk in 20131104 and it is likely to remain at that 
level given shipping traffic has been maintained at 
similar levels. Additional impacts of ships at anchor 
include light pollution and interference with species 
behaviour, marine pest introduction and noise.1104

Ship anchoring occurs on a daily basis in the 
Region. Deployment of a ship’s anchor resuspends 
sediments, creating plumes that reduce water 
clarity and light penetration.1094 This sediment can 
directly smother benthic organisms1032 or clog fish 
gills1047. Indirect effects may be caused by low 
visibility conditions, which deter some species of 
fish1047 resulting in shifted fish distributions and 
probable flow-on effects to food chain dynamics. 
Cruise ships are fewer in number than coal and 
container ships (trade ships) and generally anchor 
in different locations. Cruise ships may anchor for 
nature experiences and shore-based activities, 
adjacent to islands and the mainland, resulting in 
similar direct and indirect anchor damage impacts 
as trade ships (albeit to a lesser extent).

International ships can introduce unwanted pests 
and diseases to Australia through biofouling and 
in ballast water. The Biosecurity Act 2015 (Cth) 
prescribes how ballast water should be managed 
within Australian waters. National biofouling 
management guidelines1108 are available to help 
vessel operators manage and control biofouling 
threats to the Great Barrier Reef. The potential 
impact of introduced marine species transported 
by ships into ports within the Region is discussed 
in Section 3.6.3.

Shipping is one of the means by which marine 
debris enters the Region. Chronic exposure to 

Figure 5.26 Ship groundings and collisions, 1985–2018 
Bars represent groundings and collisions reported to the Marine Park Authority, Maritime Safety Queensland and Australian 
Maritime Safety Authority involving ships within the World Heritage Area. All collisions reported were between ships and smaller 
vessels, rather than between two ships. Groundings include those within designated port areas. Annual total numbers of ships 
visiting the Region from 2013 to 2018 are shown in Figure 5.21. Source: GBRMPA 20191015
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marine-based sources of debris on the Reef is most likely in areas frequented by ships and smaller vessels, primarily 
in ports and marinas, at anchorage areas, at moorings and, to a lesser extent, along shipping lanes.1075 A regional-
scale analysis of marine debris collected by citizen scientists found that collections adjacent to Mackay in the central 
Reef had the highest proportion of ship-sourced marine debris (accounting for approximately three per cent) (Section 
6.5.1 Figure 6.10). Overall, shipping was not found to be the dominant source of marine debris across the Region 
(accounting for two per cent on average). On average, plastic remnants from other unidentified sources and garbage 
washed ashore (from undefined oceanic sources) were the most dominant sources (46 per cent and 32 per cent 
respectively) (Section 6.5.1).

Remediation of Douglas Shoal 
following 2010 ship grounding    
In April 2010, the Chinese-registered coal carrier Shen Neng I ran aground  
on Douglas Shoal in the Great Barrier Reef, near Heron Island. The vessel  
was grounded for nine days, damaging an estimated 42 hectares of habitat  
and producing the largest ship-grounding scar ever recorded on the Great 
Barrier Reef. The 2014 Outlook Report outlined the details of the 2010 Shen 
Neng I incident. 

Following the incident, there was no immediate access to the resources needed 
for clean-up or restoration of the area. In late 2016, the Marine Park Authority 
negotiated an out-of-court settlement with the ship’s owners and insurers, 
resulting in $35 million being allocated to clean up the site. Surveys and planning 
are now underway to determine how best to address the three types of damage 
caused by the ship: toxic antifouling paint particles, unconsolidated rubble and 
crushed habitat. All three types of damage hinder natural recovery of the site by 
making it difficult for plants and animals to re-establish. Damaged areas are still 
visible on satellite images more than nine years after the incident. Monitoring 
will be focused on assessing the effectiveness of different remediation and 
restoration methods to support recovery. This will give Reef managers critical 
knowledge about how best to respond to any future shipping incidents or other 
events that physically damage the reef, such as cyclones. 

Diver surveying an area of 
gouged reef immediately after 
the Shen Neng I grounding 
incident in 2010. © GBRMPA

BOX 9

Ships anchored north of the Port of Abbot Point, February 2019. © Matt Curnock
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Figure 5.28 Areas of the Great Barrier Reef covered by accredited 
Traditional Owner agreements, 2018 
Some Traditional Owners of the Great Barrier Reef have formalised their 
aspirations for sea country through Traditional Use of Marine Resource 
Agreements and Indigenous Land Use Agreements. 

5.9 Traditional use of marine resources

5.9.1 Current condition and trends of traditional use  
 of marine resources
More than 70 Traditional Owner clan groups maintain connection to sea country within the Region. Traditional use of 
marine resources is important to Traditional Owners and continues long-established Indigenous heritage traditions. 
Traditional use of marine resources is broad, and includes undertaking of lawful activities, as part of Aboriginal and 
Torres Strait Islander peoples’ customs or traditions for the purposes of satisfying personal, domestic or communal 
needs. It includes fishing, collecting (for example, shellfish), hunting (or harvesting), and looking after Indigenous 
heritage places. Many Aboriginal and Torres Strait Islanders undertake traditional use of 
marine resources to practise ‘living maritime culture’, provide traditional food for families 
and educate younger generations about traditional rules and protocols. 

Aboriginal people and Torres Strait Islanders have used the Region’s marine resources 
for thousands of years.107 Significant advances have been made since 2014 in 
Traditional Owner-led and partnered monitoring and natural resource management 
programs relevant to traditional use in the Region, including:

• seagrass surveys 
• Reef health surveys and crown-of-thorns starfish control
• marine debris clean-up programs1109

• compliance training and increasing participation in compliance patrols on sea country.1110 

With the release of the Reef 2050 Plan9, and continuation of the Land and Sea Country Partnerships Program 
initiatives (managed by the Marine Park Authority), there has been an increased focus on collaborative management 
and monitoring (Section 7.3.8). Since 2014, while coordinated monitoring of species and habitats (seagrasses, 
oyster beds and marine megafauna) has continued 
to expand, limited data have been collated on 
traditional use. As development of cultural protocols 
and ongoing investment in monitoring advances, 
information on the trends in traditional use will be 
better understood.

Management Traditional use within the Region is 
managed collaboratively with Traditional Owners. 
Legislation that governs the Great Barrier Reef 
Marine Park (Commonwealth) and the Great 
Barrier Reef Coast Marine Parks (Queensland), 
provides for the cooperative involvement of 
Aboriginal communities and partnerships with 
Traditional Owners in the sustainable management 
of marine resources through Traditional Use of 
Marine Resources Agreements. Through the 
agreement process, Traditional Owners agree 
on complex matters, such as maritime estates 
(where lore governs boundaries), protocols, sea 
country planning, harvest areas, community 
permits, compliance plans (including addressing 
unauthorised practices, such as poaching), and 
Indigenous heritage management. Twenty five 
per cent of the Region’s coastline is covered by 
Traditional Owner agreements (a small increase 
of about 0.4 per cent since 2014). Accredited 
Traditional Owner agreements cover approximately 
46,808 square kilometres of the Region (Figure 
5.28) comprising nine Traditional Use of Marine 
Resources Agreement and one Indigenous Land 
Use Agreement (a voluntary agreement between a 
native title group and others about the use of land 
and waters). The Mandubarra Traditional Use of 
Marine Resources Agreement, accredited for the 
first time in 2018, covers a sea country area to the 
south of Innisfail.

About 25 per cent of the 
Region’s coastline is 
covered by Traditional  
Owner agreements
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Most Traditional Owner groups along the mainland coast 
of the Region continue to exercise their native title rights, 
including hunting or collecting under section 211 of the 
Native Title Act 1993 (Cth). Many Traditional Owner 
groups with an accredited agreement, have set a voluntary 
moratorium on the harvest of turtles and dugongs. For 
those agreements that include hunting, harvest limits have 
been negotiated and formally assessed for sustainability 
prior to an accreditation decision. The accredited 
agreements enable groups to manage traditional harvest 
sustainably through a process of permitting, monitoring, 
recording and supporting compliance actions.

In the Torres Strait a large proportion of the high density 
dugong habitat is not hunted by Traditional Owners.1111 

This is because traditional use is geographically 
constrained by culturally-based Turtle and Dugong Hunting 
Management Plans, the socio-economic status of some 
Traditional Owners, where people live, access points (such 
as boat ramps) and the high price of fuel. It is likely that 
a similar pattern of use exists within the Region, however 
this analysis has not been completed on a broad scale and 
remains challenging.

Since 2011, the urban coast dugong population and 
southern green turtle populations are showing signs of 
recovery, largely due to movements back into ‘hotspot 
areas’ with recovering seagrass meadows, including 
Hinchinbrook Island, Cleveland Bay (Townsville) and 
Shoalwater Bay.413 However, turtle and dugong population 
sizes are much less than in 1981 when the World Heritage 
Area was declared. Scientists consider that the traditional 
harvest of large juvenile green turtles is more sustainable than the harvest of adult females. Given that the urban coast 
dugong population is much less than the southern green turtle stock, traditional harvest of dugongs requires more 
careful consideration in traditional use agreements. Many Traditional Owner groups recognise this and have placed 
voluntary moratoria on hunting after extreme weather events.

The types of impacts that affect the practice of traditional use of marine resources have not changed markedly 
since 2014. However, a greater emphasis is now being placed on the impacts from climate change to sea country 
management, in particular, how changing weather patterns may affect traditional gathering and customs.1112

Since 2014, focus has increased on the delivery of compliance training to Indigenous rangers that work in and 
adjacent to the Region. Forty nine Indigenous Rangers were trained over three years (28 in 2016 and 21 in 2019). 
Seventeen Indigenous rangers from the first training intake were then appointed specific Marine Park inspector 
powers under the Great Barrier Reef Marine Park Act 1975 (Cth). They now form part of the wider Reef compliance 
program, and support the management of sea country and Zoning Plan compliance (particularly in remote areas). 
This short term program is on track to train 75 rangers in total by June 2020, supporting Indigenous people to 
combine traditional knowledge with conservation training to protect and manage their land, sea and culture.

The Marine Park Authority Board includes a representative specialising in Indigenous matters relevant to the Marine 
Park. An update to the legislation governing the Region1113, identifies this membership as an ongoing requirement. 
An established Indigenous Reef Advisory Committee continues to provide the Marine Park Authority with strategic 
advice to build a greater understanding of Traditional Owner issues within Marine Park management. An Indigenous 
representative also forms part of the Marine Park Authority’s Tourism Reef Advisory Committee. A key role for these 
committees is to advise the Marine Park Authority Board in relation to actions that can be taken to address threats to 
the Marine Park identified in the Outlook Report.

Marine Park Authority compliance officer mentoring a 
Traditional Owner ranger/Marine Park inspector on pre-
surveillance equipment checks. © GBRMPA 
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5.9.2 Benefits of traditional use of marine resources 
The continuing sea country management and custodianship of the Great Barrier Reef by Traditional Owners  
are important components of the natural and Indigenous heritage value of the Region. Traditional use, and the area-
based agreements that support it, plays a constructive role in managing biodiversity and sustaining  
Indigenous heritage.1114 

While gaps remain in our knowledge of the total economic 
worth of traditional use of marine resources, investment in 
Traditional Owner-led management actions under the Reef 
2050 Plan continues to expand. Investment in accredited 
Traditional Use of Marine Resources Agreements helps 
to conserve and protect significant species, habitats and 
ecosystems; restore and maintain waterways and coastal 
environments; protect world heritage areas (Great Barrier 
Reef and Wet Tropics); and continue to refine Traditional 
Owner skillsets, knowledge and engagement in natural and 
Indigenous resource management. A 2016 study analysed 
the social return on investment resulting from funded 
Indigenous governance systems. It found that, for every $1 
invested, an equivalent of approximately $2.20 of social, 
economic, cultural and environmental value is generated for 
communities and stakeholders.1115 Traditional Owners are 
involved in the design and delivery of mitigation strategies for 
a range of threats to turtles and dugongs (for example, the 
Nest to Ocean Turtle Protection Program that protects turtle 
nests from terrestrial predators).

While Traditional Owners have Native Title rights to fish and collect, including the harvest of turtles and dugongs, they 
consider the latest science and traditional lore and custom when considering harvest of these species in their sea 
country, and voluntarily adjust these figures according to the health of the ecosystem. Traditional Owners hold many 
spiritual and economic connections to the Region. Establishing effective partnerships helps protect the natural and 
Indigenous heritage value, conserve biodiversity and enhance the resilience of the Reef.

5.9.3 Impacts of traditional use of marine resources 
Traditional use includes fishing and collecting a wide range of plants and animals. Impacts from traditional use can 
occur when the harvest is unsustainable; this is more likely when the plants or animals taken are already threatened 
and in low numbers. Green turtles and dugongs have been, and remain, at risk from many human-related activities 
(Sections 2.4.10 and 2.4.16). Within the Region, the Australian Government’s Marine Turtle Recovery Plan 2017–
2027308 found climate change, marine debris ingestion and habitat modification (in the southern part of the Region) 
were the highest risks to marine turtles – and Indigenous harvest was assessed as moderate. Specifically, Indigenous 
use was a high risk for three turtle populations (all of which are outside the Region), with egg harvest the primary risk 
within the Region. Scientific modelling of dugong populations in Torres Strait concluded that traditional use of green 
turtles and dugongs is sustainable.811,1111,1116 An equivalent understanding of the level take of turtles and dugongs 
across the entire Region remains a knowledge gap. 

Nominated levels of traditional harvest under all accredited Traditional Use of Marine Resources Agreements are 
assessed by the managing agencies against the most recent research at the time of application, to make sure 
accredited harvest limits are sustainable. The sustainability of limits is reviewed to encompass the spatial scale of the 
agreement area and the estimated population status of the regional populations of marine turtles and dugongs likely 
to reside in, or use, an area. To make sure traditional use remains a low risk, well-designed monitoring in partnership 
with Traditional Owner groups is required. The ongoing development and revision of management policies and 
agreements in response to monitoring outcomes will also reduce potential threats.

Reductions in populations of species (particularly those with cultural significance, like turtles and dugongs) from 
illegal fishing and poaching is not considered legal traditional use. Illegal fishing and poaching in this sense 
becomes an impact on the traditional use of the Region’s marine resources. Poaching in this context involves people 
hunting in areas outside their traditional sea country and without the customary approval or permission of the relevant 
Traditional Owners. Traditional Owners hunting for commercial purposes (that is, to sell the meat) is also considered 
to be illegal take. In 2016–17, the Australian Criminal Intelligence Commission undertook an investigation into illegal 
poaching and the transportation and trade of turtle and dugong meat in Far North Queensland and Torres Strait. The 
investigation found that the poaching and sale of meat was minimal and usually opportunistic, and that there was no 
substantive evidence to suggest an organised commercial trade existed in Queensland or the Torres Strait.1117

Reef Joint Field Management Program and Indigenous rangers 
assessing green turtle nests, Raine Island 2018.  
© Queensland Parks and Wildlife Service, photographer: Andy Dunstan
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5.10 Assessment summary — Commercial and  
 non-commercial use 
Paragraph 54(3)(c) of the Great Barrier Reef Marine Park Act 1975 requires ‘… an assessment of the commercial 
and non-commercial use …’ of the Great Barrier Reef Region. 

The assessment is based on two assessment criteria:

• economic and social benefits of use
• impacts of use on the Region’s values.

5.10.1 Economic and social benefits of use

Grading statements — economic and social benefits of use Trend since last report

Very good
Use of the Region 
provides significant 
economic and social 
benefit, in ways 
that sustain the 
fundamental value of 
the natural resource. 
The Region is 
strongly recognised, 
valued and enjoyed 
by Catchment 
residents, the nation 
and the world 
community.

Good
Use of the Region 
provides valuable 
economic and social 
benefit. The Region is 
valued by Catchment 
residents, the nation and 
the world community.

Poor
There are few and 
declining economic 
and social benefits 
derived from use of the 
Region. Many do not 
recognise the value of 
the Region and do not 
enjoy their visit to the 
Region.

Very poor
Use of the Region 
contributes little or no 
economic and social 
benefit. The Region 
holds little value for 
Catchment residents, 
the nation or the world 
community.

 
Borderline
Indicates where a 
component or criterion 
is considered close to 
satisfying the adjacent 
grading statement. 

h 
n
i
0

Improved

Stable

Deteriorated

No consistent trend

Confidence

Adequate high-quality 
evidence and high level 
of consensus

Limited evidence or 
limited consensus

Inferred, very limited 
evidence

Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

n n
Economic and social benefits of use: Economic and social benefits to the Region continue to 
be in very good or good condition. Commercial and non-commercial use continue to contribute 
to the Region’s economy. The social benefits of fishing and recreation contribute significantly to 
health and wellbeing. The Reef is of major importance to Traditional Owners.

n n
Commercial marine tourism: Tourism continues to make significant contributions to the social 
and economic value of the Reef. Although recent disturbances impacted visitor numbers in 
Cairns and the Whitsundays, visitation is slowly increasing. 

n n
Defence activities: Periodic visits from Australian and international forces generate short-term 
economic benefits to the Region. Defence supports cooperative research and management 
programs in the Region and adjacent estates. 

n n
Fishing: The economic contribution of commercial and recreational fishing increased slightly. 
Commercial fishers have a high personal connection with the Region. People enjoy recreational 
fishing for a variety of reasons.

n n
Recreation (not including fishing): Continued growth in population and economics will increase 
the demand for recreational activities within the Region. Recreational use of the Region is vital to 
the wellbeing of Queensland’s coastal communities. 

n h
Research and educational activities: Knowledge derived from research related to the Region 
continues to support management. Contributions to the economy have increased since 2011–12. 
Research into intervention and restoration activities is increasing. 

n
Ports: The four priority ports adjacent to the Region provide significant economic and social 
benefit to the Queensland and national economies. Employment statistics remain a data gap. 

n
Shipping: The total number of ships processed through the major trading ports has remained 
relatively stable since 2014. Cruise shipping had the greatest growth. There is currently no 
reliable estimate of the level of economic contribution (both direct and value-added) from 
shipping within the Region. 

n n
Traditional use of marine resources: Traditional ownership continues to provide and receive 
environmental, social and cultural benefits for Traditional Owners. Since 2014, the proportion of 
the Region’s coastline under Traditional Use of Marine Resources Agreements has increased to 
25 per cent.
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5.10.2 Impacts of use on the Region’s values
Grading statements — impacts of use Trend since last report

Very low impact
Any impacts 
attributable to use 
of the Region are 
minor and localised, 
with no observable 
effects on overall 
ecosystem function 
or heritage values. 

Low impact
The impacts of use are 
observable in some 
locations or on some 
values, but only to 
the extent that limited 
additional intervention 
would be required 
for the use to be 
sustainable. 

High impact
The impacts of use 
are obvious in many 
locations or to many 
values to the extent 
that significant 
additional intervention 
would be required 
for the use to be 
sustainable. 

Very high impact
The impacts of use 
are widespread, to the 
extent that ecosystem 
function and heritage 
values are severely 
compromised. 

 
Borderline
Indicates where a 
component or criterion 
is considered close to 
satisfying the adjacent 
grading statement. 

h 
n
i
0

Increased

Stable

Decreased

No consistent trend

Confidence

Adequate high-quality 
evidence and high level 
of consensus

Limited evidence or 
limited consensus

Inferred, very limited 
evidence

Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

h n

Impacts of use on the Region’s values: The observed impacts from direct use of the Region 
are mainly localised. However, collectively, the impacts of this use are obvious (to varying 
degrees) in many locations. Fishing is a high-impact use occurring throughout the Region and 
some aspects remain a concern. Marine incidents involving small vessels have increased. As 
the population increases, use of the Region and associated impacts are likely to increase. The 
cumulative effects of direct use of the Region coupled with a deterioration of its natural and 
heritage values amplifies the identified impacts. 

n n
Commercial marine tourism: While marine tourism extends throughout the Region, its impacts 
are generally localised to a few intensively managed areas. Impacts from cumulative use will 
amplify as natural values deteriorate. Vessel incidents and infrastructure damage spike after 
extreme events and cause localised damage to values. 

n n
Defence activities: Defence activities have localised impacts on the Region. Balancing the 
Defence requirements for training with conservation of critical environmental values will remain a 
significant challenge in the future. 

n n
Fishing: Fishing occurs in most parts of the Region. The extraction of biomass, interaction of 
animals with fishing equipment, and discarded catch are ongoing pressures from fishing. Illegal 
fishing and poaching remain strong concerns. Fisheries management is improving but reforms 
are yet to be fully implemented and information gaps remain.

n h
Recreation (not including fishing): Few studies have investigated the impact of recreational 
uses (excluding fishing) in the Marine Park. Impacts are mainly in the inshore areas around major 
population centres. Localised damage to habitats by small recreational vessels may be more 
common than reported. 

n n
Research and educational activities: Understanding of cumulative effects of the minor impacts 
associated with research and educational activities is limited. Activity is often concentrated 
around research stations. 

i
Ports: Many threats from port activities (maintenance dredging and associated disposal of 
dredge material, artificial light from port infrastructure, noise and other pollution) remain and 
cause impacts at a localised scale. However, threats associated with capital dredging and 
associated disposal have decreased since 2014, resulting in the impact grade being considered 
borderline with low impact. 

n
Shipping: Ships are getting larger. The number of shipping incidents has remained relatively 
stable. Other impacts caused by ships, such as resuspension of sediments from propeller wash, 
anchoring, light and noise pollution (from ships at anchor) and whale strike remain ongoing 
threats.

i n
Traditional use of marine resources: Traditional harvest, fishing and collecting involve a range 
of marine species (some of conservation concern). Within Traditional Use of Marine Resource 
Agreement areas, harvest is limited and considered sustainable. Region-wide level of Traditional 
harvest remains a knowledge gap, but is considered to cause minimal impact compared with  
other threats.
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5.11 Overall summary of commercial 
 and non-commercial use
The Great Barrier Reef contributes significantly to the Australian economy and the wellbeing and lifestyle of the 
communities that depend on the Reef for traditional use, social and cultural purposes, and livelihoods. The economic 

and social benefits of commercial and non-commercial use are rated overall as very 
good. 

The observed impacts from direct use of the Region are mainly localised and rated 
overall as high impact. However, collectively, the impacts of this use are obvious (to 
varying degrees) in many locations. Fishing is a high-impact activity occurring throughout 

the Region and some aspects remain a concern. Marine incidents involving small vessels have increased. As the 
population increases use of the Region and associated impacts are likely to increase. The cumulative effects of direct 
use of the Region coupled with a deterioration of its natural and heritage values amplifies the identified impacts.

Commercial marine tourism continues to be the most economically significant use of the Reef. Record levels of 
tourism visitation occurred in 2016 despite coral bleaching events. However, visitation 
declined in some areas, particularly in the Whitsundays in 2017 following cyclone 
Debbie. Impacts of commercial marine tourism are generally localised around intensively 
visited areas. 

Defence activities in the Region directly contribute to Australia’s defence capacity and 
generate economic benefits to the Region. Defence continue to deliver and support 
environmental monitoring and management. Recreational and commercial fishing 
continue to be important social and economic direct uses of the Region. Fisheries 

management and practices continue to improve, with the most significant change being the development of the 
Queensland Sustainable Fisheries Strategy 2017–2027. Some knowledge gaps and sustainability concerns for some 
species still exist. Illegal fishing and poaching continue to cause concern.

The Region provides opportunities for many recreation activities beyond fishing. Continued population growth and 
economic wealth will increase the demand for recreational activities in the Region. 
Most recreational impacts are minimal (with cumulative impacts largely unknown) and 
concentrated around major population centres. Research underpins management of 
the Region and has broad and growing economic and social benefits. Research and 
educational activities are often concentrated around research stations; there is potential 
for localised cumulative effects.

Ports provide significant economic and social benefits to the Region. Since 2014, the combined effect of regulatory 
changes, a cooperative approach to managing the impacts of port development and changed market conditions 
have seen some of the threats from ports reduce. Localised impacts from ports remain, predominantly from 
maintenance dredging and associated disposal of dredge material, artificial light from port infrastructure, noise and 
other pollution.

The number of ships travelling through the Region has remained stable since 2014, 
except for cruise ships which have continued to increase. Ships are getting bigger, which 
will increase associated pressures, such as anchoring impacts on benthos and sediment 
suspension from propeller wash, particularly within the shallow inner route. Shipping 
safety is well regulated in the Region, and the impacts, being generally known and 
managed. However, threats remain from ship propellers resuspending sediments, which 
can affect organisms, 

water clarity and community benefits. Vessel 
strikes, light and noise pollution remain ongoing 
threats that are not well understood.

Managing agencies continue to work with 
Traditional Owners to protect Indigenous heritage 
values, conserve biodiversity, enhance the 
resilience of the Reef, and maintain connection 
to land and sea country. In 2018, nine Traditional 
Use of Marine Resources Agreements and one 
Indigenous Land Use Agreement were in place, 
an increase of two agreements since 2014. 
Combined, these agreements cover approximately 
25 per cent of the Region’s coastline. 

Use of the Region continues to 
provide significant economic 
and social benefits 

Cumulative effects of direct 
use of the Region coupled with 
a deterioration of its natural 
and heritage values amplifies 
identified impacts

Population growth will increase 
the demand for recreational 
activities in the Region 

Some impacts from direct use 
have been reduced (particularly 
for ports); room for further 
improvement remains 

Diving for tropical rock lobster using surface-supplied air. © GBRMPA
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<< Sugarcane cultivation along the Mulgrave River. © Dieter Tracey 2015
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F A C T O R S  I N F L U E N C I N G
T H E  R E G I O N ’ S  V A L U E S

‘an assessment of the factors influencing the current and projected future 
environmental, economic and social values …’ of the Great Barrier Reef Region, 

s 54(3)(g) of the Great Barrier Reef Marine Park Act 1975

‘an assessment of the factors influencing the current and projected future 
heritage values …’ of the Great Barrier Reef Region, paragraph 116A(2)(e) of the 

Great Barrier Reef Marine Park Regulations 1983

6.1 Background
The Region comprises a diverse range of natural values (ecosystems, habitats, species and processes) and 
Indigenous and historic heritage values described in Chapters 2 to 4. The condition of these values determines the 
health of the Region and the quality of the social and economic benefits (for example, income, appreciation and 
enjoyment) the community derives from the Region. 

Several major factors influence the Reef’s values. The four factors assessed in previous Outlook Reports remain the 
primary factors influencing the Region: climate change, coastal development, land-based run-off and direct use. 
This chapter considers the trend of each influencing factor, as well as the Region’s vulnerability to those factors. 
Any impacts the factors have on the Region’s outstanding universal value (including natural, Indigenous and historic 
heritage value) and the benefits derived from those values, provide a basis for predicting future risks to the Region 
and its long-term outlook (Chapters 9 and 10). 

While direct uses occur in the Region, the other three main influencing factors are largely external to the Region. All 
four factors are, in turn, affected by broader drivers of change (economic growth, population growth, technological 
development and societal attitudes) that affect how society functions, matures and interacts with the environment 
(Figure 6.1). 

The assessment is based on four assessment criteria:

• impacts on ecological values
• impacts on heritage values
• impacts on economic values
• impacts on social values.
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Figure 6.1 Factors influencing the Region’s values and drivers of change 
The Region’s values are influenced by four main factors: climate change, coastal development, land-based run-off and direct use. These are, in 
turn, affected by broader drivers of change, including economic and population growth, technological development and societal attitudes. 

6.2 Drivers of change
Drivers are underlying causes of change in society and ecosystems. The Reef is currently undergoing significant 
social, economic and environmental change.969 Drivers affect how society functions and interacts with the built 
and natural environment, and can act independently or in combination.1011 Economic and population growth, 
technological developments and societal attitudes are key drivers and affect the nature and intensity of the four 
primary factors influencing the Region (climate change, coastal development, land-based run-off and direct use) 
(Figure 6.1). Drivers lead to challenges for the environment but also benefits, particularly through technological 
development and societal changes.1118 

6.2.1 Economic growth 
Queensland’s economy is driven primarily by tourism, agriculture, resources (mining), 
construction, manufacturing and services.1119 It has maintained an average annual 
growth rate of 2.4 per cent over the last decade (Figure 6.2).1119 The value of 
Queensland’s economic activity is trending upwards, although growth slowed between 
2008 and 2011 (Figure 6.3). The underlying trends driving the Queensland economy 
(Figure 6.3) have been the housing boom (2004–05 to 2007–08), the coal mining boom 
(2004–05 to 2008–09), the global financial crisis (2007–08), a cluster of natural disasters 
(for example, cyclone Yasi and associated floods) (2009–10 to 2011–12), and expanding 
investment in liquefied natural gas (2012–13 to 2014–15).1120

In 2016–17, Queensland recorded economic growth of 1.8 per cent, with the health care and social assistance 
industry the largest contributor. From 2020–21, the state’s economy is predicted to grow by an estimated 2.75 per 
cent per annum.1120

A significant proportion of Queensland’s economic activity takes place within the Region and its Catchment. More 
than 90 per cent of Queensland’s saleable coal is exported overseas1121 from ports within the Region and shipped 
through the Region. The state’s export trade is dominated by mining (64 per cent) and agriculture.1121 Mining 
experienced a reduction in 2010–11, but has grown strongly over subsequent years, contributing six per cent to 
the state’s economy in 2015–16 and 2016–17.1119 Construction activity (engineering, residential and non-residential) 
contributed eight per cent annually to the Queensland economy between 2015 and 2017.1119 A boom in liquefied 
natural gas exports began in 2015–16 and is projected to continue, reaching peak production in 2018–19.1120,1122

A significant proportion of 
Queensland’s economic 
activity takes place in the 
Region and its Catchment
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Figure 6.2 Economic growth in Queensland, 1990–91 to 2016–17 
Annual percentage change in the Queensland gross state product (chain volume 
measure) for financial years. Source: Australian Bureau of Statistics 20181119 

Figure 6.3 Economic activity in Queensland, 1989–90 to 2016–17
Total economic activity in Queensland based on gross state product (chain volume 
measure) for financial years. Source: Australian Bureau of Statistics 20181119 

Since 2010–11, production in the agriculture, forestry and fishing industries has grown steadily. Between 2015–16 
and 2017–18 agriculture, forestry and fishing contributed three per cent annually to the Queensland economy, 
with operations in the Catchment contributing a large component.1119 In 2016–17, the gross value of agricultural 
production in Queensland was $14 billion, with approximately half derived from agriculture within the Catchment.1123 
Most of the production value in the Catchment in 2016–17 came from cattle and sugarcane, which accounted for 35 
per cent and 22 per cent respectively.1123 The greatest agricultural output in that period came from the Fitzroy region, 
mostly from cattle.1123

Cattle graze about 320,000 square kilometres of the 480,000 square kilometres in the Catchment (or 67 per cent).1123 

Given its dominance and sensitivity to severe weather, such as droughts and floods, the economic activity of this 
industry, and thus the Region, can change rapidly.1119,1121

Tourism is the Reef’s largest economic activity (Section 5.2). In 2016–17, Queensland tourism contributed $11.7 
billion (approximately four per cent) to the state economy and areas adjacent to the Reef directly contributed 
$3.2 billion.1124 Domestic visitors account for 89 per cent of overnight visitation to Queensland.1124 The economic 
contribution of international tourism in Queensland grew from $2.3 billion in 2006–07 to $3.3 billion in 2016–17.1125 
Visitors to the Reef over the last decade have increased in almost all natural resource management regions.1123 The 
Mackay–Whitsunday region is an exception, experiencing a slump of 26 per cent between 2006 and 2016, attributed 
to a decline in domestic visitor numbers.1123 By comparison, tourism expenditure is far higher in the Wet Tropics 
region compared with any other, primarily due to Cairns being the point of origin for most visitors to the Reef and the 
primary destination of international visitors.
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6.2.2 Population growth 
Population growth is one of the main drivers presenting a challenge to the environmental integrity of the Region. The 
increasing number of people living close to the coast is a key human-induced pressure on the Reef, primarily due to 
coastal development and recreational fishing. 

In June 2018, the Catchment population was approximately one million with an annual 
growth rate of 0.3 per cent since 2013.1126 The Catchment population is expected to 
climb to 1.32 million by 2041, an increase of 1.1 per cent per year.1126 Townsville is 
expected to have the largest population growth to more than 282,000.1126 Note, these 
population figures are smaller than those given in the 2014 Outlook Report because they 
no longer include some local government areas outside the Region.

Employment and lifestyle opportunities in the Region and Catchment influence 
population growth. The growth of coastal communities generates a variety of impacts, including increased 
recreational fishing (Section 5.4) and other direct uses of the Region (Section 6.6), coastal development  
(Section 6.4), and pollution1127 (land-based run-off; Section 6.5). Coastal infrastructure (roads, marinas and  
boat ramps), housing development and the demand for more urban support services will inevitably increase with  
an expanding population.1126

6.2.3 Technological development 
Technological development refers to the application of knowledge to create tools to solve specific social, economic 
or environmental problems. Technological development can drive both positive and negative changes.1118 Advances 
in technology have changed knowledge, management and use of the Region, and in some instances have helped 
reduce environmental impacts. 

Global cooperation across various industries and sectors is required in order to mitigate the effects of climate change. 
Technological developments are advancing the production of clean energy goods and services. For example, they 
assist in reducing emissions from food production (sustainable bio-based feedstocks, water saving irrigation), 
waste disposal (capturing methane biogas), transport (electric super highways, biofuel) and support renewable 
energy production.1128,1129 Carbon capture, utilisation and storage is still in early stages of development, and is being 
addressed by governments at different rates around the world.1130

The most significant technological development in terms of reducing greenhouse gas 
emissions is large-scale deployment of renewable energy. Queensland is the leading 
state in planned, large-scale renewable energy projects.1131 Continuing advances in, 
and expansion of, renewable energy are occurring adjacent to the Reef1132, and will 
reduce emissions of greenhouse gases1131,1133 in the local energy sector. Technological 
development, innovation and social buy-in will be driving forces in improving energy 
efficiency and uptake of renewable energy.

The potential of assisted evolution technologies to enhance the resilience of corals to future sea temperature 
increases by accelerating natural adaptation is being explored.1134 Additionally, novel techniques, such as assisted 
gene flow and hybridisation, are being investigated for their potential to enhance the thermal tolerance, growth and 
reproduction of corals.1026

Underwater and above water surveillance technologies have also advanced. Research and development have 
produced autonomous underwater robots (remotely operated vehicles), which are being tested to determine their use 
in surveying large areas of reef environments. This will allow crown-of-thorns starfish to be detected over wide areas 
and injected as a control measure.1135 This technology may increase data collection capacity, particularly at greater 
depths and at night, when scuba diving is a higher risk activity.

Above the water, the adoption of drone technology for compliance is proving a cost-effective and efficient method 
of surveying and monitoring large spatial areas. Drone use will continue to expand, and their decreasing cost and 
GPS capabilities will see them becoming a primary cultural monitoring and mapping tool. Drones are already used 
to enforce compliance within the Reef and are used by Traditional Owners to monitor their sea country and record 
cultural heritage. Use of personal drones is also likely to continue to increase among people using the Region for 
activities, including recreation, tourism and recreational fishing. This is likely to increase risks associated with public 
appreciation and wildlife disturbance. 

Annual population growth 
within the Catchment is 
forecast to be 1.1 per cent per 
year until 2041

Advances in technology can 
both reduce and increase 
environmental impacts
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6.2.4 Societal attitudes 
Understanding societal attitudes is essential for long-term planning and evaluation of management decisions.1136 
These attitudes are shaped by culture, social norms, values, information, misinformation, circumstances and personal 
experiences.1011 By feeding into planning and management, societal attitudes can drive change.1011 In 2013, residents 

perceived that shipping, water quality and fishing were the major threats to the Reef. 
By 2017, this perception had shifted to focus on pollution, climate change and coral 
bleaching.785 Other aspects, such as how individuals identify and use the Reef, can also 
influence their attitude towards the Reef.969,1011 How attitudes change over time can be 
affected by the extent of society’s knowledge about the Reef, and the source of that 
knowledge varies.969,1011 Word of mouth, print and social media play a persuasive role in 
informing the public’s view about the Reef.1011 

Results from the Social and Economic Long-Term Monitoring Program (SELTMP)785 offer 
some insights into the human dimensions of the Reef. Participants’ responses highlighted the importance of the 
Reef’s exceptional natural beauty and superlative natural phenomena to visitors and stakeholders.785 A prevailing 
social expectation is that the Reef will remain beautiful and a relatively natural place to live, work and recreate.969 
However, these values are subject to growing pressures and the survey results indicate that the community does not 
believe enough is being done to prevent ongoing threats to the Reefs especially threats from climate change (Section 
4.5.1).785 Some Reef stakeholders feel climate change is an immediate threat requiring urgent attention, but that 
opinion is more common among people from the tourism industry (68 per cent) than the commercial fishing industry 
(27 per cent).785

Stakeholders who rely on the Reef for recreational and economic opportunities will experience greater disruption than 
other stakeholders as the Reef ecosystem changes.1137 Tourism industry profit and viability can also be affected by 
publicity about the decline of Reef health.1138 

Traditional Owners who are more culturally and socially connected to, and dependent on, the Reef than other groups, 
will experience widespread adverse consequences from declining Reef health.969 Aboriginal and Torres Strait Islander 
people value the Reef as a place where people can continue to pass down wisdom, traditions and a way of life 
(Section 4.3). As custodians and users of the Reef, Traditional Owner groups have the longest connection to their sea 
country, integrating nature, heritage and Indigenous culture.1011 

6.3 Climate change 
Climate change due to human activities is a global issue that affects terrestrial, wetland, freshwater, marine and 
coastal ecosystems and the services they provide. Climate change is the most pervasive and persistent influence on 
the Region. The most immediate and priority current threat from climate change is thermal extremes that cause mass 

mortality of corals and other organisms. Effects from sea-level rise and ocean acidification 
are slowly increasing, but are not having nearly the same immediate and Region-wide 
impact as increases in sea temperature. 

In 2016 and 2017, the Region underwent two consecutive summers of mass coral 
bleaching, resulting in the loss of at least 30 per cent of the Region’s shallow-water 
coral cover (Section 2.3.5). These events are directly attributed to warmer-than-average 
sea temperatures due to climate change.1139 The present-day frequency and severity of 
climate change-related impacts are increasing and interacting with the other key threats 
(Sections 6.4 to 6.6), compounding their effects. 

Of the four main factors influencing the Region’s values in the 2014 Outlook Report, 
climate change was assessed as having the highest negative impact, with impacts on natural and heritage values 
expected to increase. In the past four years, many worst-case scenario climate change predictions made over 30 
years ago1140 have now been realised141, and our understanding of the future conditions of ecosystems in the Region 
has grown considerably.

6.3.1 Trends in climate change 
Human activities have already caused approximately one degree Celsius of global warming above pre-industrial 
levels, with a likely range of 0.8 degrees Celsius to 1.2 degrees Celsius.1141 Warming is generally higher over land 
than over the ocean, but recent evidence suggests oceans are heating up about 40 per cent faster than previously 
estimated502 and the pace of change is accelerating at an unprecedented rate452 (Figure 6.4). Both the magnitude 
and rate of these changes exceed the extent of natural variation over the last millennium and over glacial-interglacial 
time scales.1142,1143,1144 The extent to which the climate will change in coming decades depends on current and future 
greenhouse gas emissions. 

The understanding of societal 
attitudes is essential for 
sustainable use of the Region 
and long-term planning

Great Barrier Reef waters have 
already warmed by more than 
0.8 degrees Celsius since  
1880 due to anthropogenic 
climate change, with severe 
impacts already being 
observed in the Region 
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Figure 6.4 Changes in global atmospheric carbon dioxide concentrations
Global carbon dioxide concentrations in the atmosphere have been rising. Both global carbon dioxide concentrations (left) and the 
annual mean carbon dioxide rate of increase (right) rose steadily between 1959 and mid-2018. Trends shown are based on globally 
averaged marine surface data. Source: Dlugokencky and Tans 20191145 

In 2015, the Paris Climate Change Agreement established the goal of holding the increase in the global average 
temperature to well below two degrees Celsius above pre-industrial levels and pursuing efforts to limit the 
temperature increase to 1.5 degrees Celsius.1146 These aspirational constraints include the warming that has already 
occurred to date, which in 2017 was approximately one degree Celsius above pre-industrial levels and is currently 
increasing at 0.2 degrees Celsius per decade.487 At current rates of warming, global mean temperature would reach 
1.5 degrees Celsius between 2030 and 2052.1141,1147,1148 There is also a very high risk of exceeding 1.5 degrees 
Celsius and approaching two degrees Celsius by 2065.487 Warming of 1.5 degrees Celsius would have serious 
implications for many ecosystems; warming of two degrees Celsius would result in a completely new climate regime 
under which many ecosystems would undergo irreversible change.562,1149,1150

A number of long-term changes in the climate system are already 
occurring in Australia, such as an increase in mean air and sea 
surface temperatures. Warming over Australia is expected 
to be slightly greater than the global average452 (Figure 6.5). In 
Australia, the best case scenario for halting emissions (referred 
to as RCP 2.6) would equate to average warming of between 
0.6 degrees Celsius and 1.7 degrees Celsius by 2090 (relative 
to a baseline of average temperatures between 1986 and 
2005). Under the worst case scenario (referred to as RCP 8.5), 
warming would range from 2.8 degrees Celsius to 5.1 degrees 
Celsius over the same period.1151 The average air temperature 
in Australia has already increased by around one degree Celsius 
since 19101151, with severe impacts already being observed in the 
Region. It is almost certain that the Region will warm by at least 
another 0.5 degrees Celsius (Section 9.3.2).

From 1925 to 2016, global average marine heatwave frequency 
and duration increased, resulting in a 54 per cent increase in 
annual marine heatwave days globally.1152 In Australia, above-
average annual sea surface temperatures have been observed 
every year since 1994 and have been persistently high in recent 
years.1153 Sea surface temperatures in the Australian region have 
warmed by around 1.0 degree celcius since 1910452, with the 
Reef warming by 0.8 degrees in the same period (Figure 6.6).501 
Since 2014, some of the hottest sea surface temperatures ever 
recorded in the Region’s waters occurred in February–March 
2016.165 This marine heatwave was 175 times more likely to occur 
under the influence of climate change1154 than without climate 
change. A second marine heatwave occurred in the 2016–17 
summer, with a larger area of the Reef exposed to higher than 
average sea surface temperatures.1153 In the future, the chance 
of a marine heatwave occurring in any given year will be double 
that of today, if warming reaches 1.5 degrees Celsius and triple if 
warming reaches two degrees Celsius.1139

Figure 6.5 Australia’s average annual temperature relative 
to the 1861–1900 period
The thin black line represents Australian temperature 
observations since 1910, with the bold black line the ten year 
running mean. The shaded bands are the 10 to 90 per cent 
range of the 20-year running mean temperatures simulated 
from the latest generation of global climate models. The green 
band shows simulations that include observed conditions of 
greenhouse gases, aerosols, solar input and volcanoes; the 
blue band shows simulations of observed conditions but not 
including human emissions of greenhouse gases or aerosols; 
the red band shows simulations projecting forward into the 
future (all emissions scenarios are included). Warming over 
Australia is expected to be slightly higher than the global 
average. The dotted lines represent the Australian equivalent 
of the global warming thresholds of 1.5 °C and 2 °C above 
preindustrial levels, which are used to inform possible risks 
and responses for coming decades. Source: CSIRO and Bureau of 
Meteorology 2018452 
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Changes to temperature extremes often lead to greater impacts than changes to the mean climate. For example, it 
is estimated that by 2090 under the worst-case scenario (RCP 8.5), Cairns would experience 48 days per year of air 

temperatures exceeding 35 degrees Celsius, a dramatic rise from the current three days 
per year.485,1156 The frequency and severity of extreme events, such as heat waves, are 
critical and have important consequences for the Region’s values.

As the ocean continues to warm and land-based ice starts to melt, the pace of global 
sea-level rise will accelerate.485 Although mitigation of greenhouse gas emissions might 
reduce the overall magnitude of sea-level rise in the long-term, the Earth is already locked 
into significant sea-level rise this century, regardless of what future emission scenario 
is followed, due to the lag effects in ocean warming and ice-melt.1157,1158 Projections for 
global sea-level rise by 2090 range from 0.6 to 0.86 metres and strongly depend on 

current and future emissions. However, sea-level rise is currently tracking toward the worst-case scenario (RCP 8.5) 
of up to 0.86 metres.1151,1159 

The fastest sea-level rises are being recorded in Australia’s northern areas.486 Since 1993, the average rate of sea-
level rise in the Region was between five and seven millimetres per year (and in some locations up to 12 millimetres 
per year486), well above the global average of 3.2 millimetres per year1160. Sea-level rise directly threatens low-

lying habitats within the Region, such as islands, 
beaches and coastlines (Chapter 2). As average 
sea level continues to rise, the height of extreme 
sea-level events (such as storm surges during 
tropical cyclones) will also increase, causing 
increasingly severe impacts on coastal communities, 
infrastructure and coastal habitats.

The ocean provides a critical service to both 
ecological communities and human society by 
strongly regulating the climate system, particularly 
through the absorption of carbon dioxide. Without 
this service, the amount of global warming to date 
would have been considerably higher. However, 
increased carbon dioxide in the ocean alters its 
ocean chemistry. Since the beginning of the 
Industrial Revolution, the ocean has absorbed 
roughly one third of the anthropogenic carbon 
dioxide emissions.1161 In response, ocean pH has 
decreased close to 0.1 units since the pre-industrial 
period (Section 3.3.2). The increase in carbon 
dioxide has also reduced the concentration of 
carbonate ions in the ocean by 30 per cent545,1162; at 
a rate at least 10 times faster than any concentration 
change within the last 65 million years1163.

In the Region, the rate and magnitude of increases 
of carbon dioxide concentrations are more significant 
on inshore reefs (those within 10 kilometres of the 
coast) than reefs further offshore.162,163,164 In the past 
30 years, carbon dioxide concentrations on these 
inshore reefs have increased at a rate up to three 
times higher than atmospheric values, suggesting 
that the Region’s inshore coral reefs are more 
vulnerable to ocean acidification and have less 
buffering capacity compared to mid- and outer-shelf 
reefs.162 However, the effects of this may currently be 
negligible compared to the observed, severe impact 
of ocean warming on the Reef.

Global atmospheric and ocean circulation patterns and rising temperatures influence ocean currents (Section 3.2.1). 
The major current in the Region, the East Australian Current, has become one of the fastest warming currents in the 
world, warming two to three times faster than the global average ocean warming rate.427 This has led to two major 
changes in the current’s properties: the amount of water it transports southward and the frequency of eddy formation. 
The East Australian Current has already advanced beyond its normal southern boundary, about 350 kilometres off the 
coast of New South Wales and this trend is expected to continue.427

Heatwaves are becoming 
hotter, lasting longer and 
occurring more often,  
affecting both terrestrial and 
marine environments
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Figure 6.6 Average warming of annual sea surface temperature between 
1880 and 2018 for the Great Barrier Reef 
Annual sea surface temperature (SST) was extracted from the Met Office 
Hadley Centre for Climate Prediction and Research (HadISST1 data set) for 
1-degree latitude x 1-degree longitude grid boxes for the Region. 
Source: Rayner et al. 20031155 
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Although current projections suggest the frequency of tropical cyclones is most likely to remain stable or even 
decrease56,1164,1165, cyclone intensity is expected to increase (Section 3.2.2)55,56. As a result, a marked increase in the 
frequency of the most intense cyclones (categories 4 and 5) is projected.1164,1166,1167 Since 1975, the proportion of 
intense tropical cyclones has increased 25–30 per cent, corresponding to the observed one degree Celsius of global 
warming.1167 Modelled projections have indicated that relative to pre-industrial conditions, cyclones in northeast 
Australia will have both higher wind speeds (by 5–10 per cent on average) and heavier rainfall (by up to 27 per cent 
for average hourly rainfall rates) under worst-case scenario (RCP 8.5) future climate change.1168 To date, climate 
change has not significantly influenced cyclone wind speeds but has significantly enhanced rainfall by 4–9 per 
cent.1169 The forward speed of tropical cyclones over Australia has slowed by 22 per cent since 1946, increasing the 
potential for higher total rainfalls as cyclones remain over certain locations for longer periods.453

Rainfall variability is strongly related to changes in sea surface temperatures across the Pacific Ocean associated 
with El Niño–Southern Oscillation.1170 However, as the influence of climate change strengthens, the intensity of heavy 
rainfall events is projected to increase in the Region.1156 This has already occurred on a global scale; approximately 
20 per cent of global heavy rainfall events over land are attributable to the observed temperature increase since pre-
industrial times.1171 Australian weather station records show that a higher proportion of total annual rainfall in recent 
decades, compared with earlier, has come from heavy rain days.452 For heavy rain days, total rainfall is expected 
to increase by around seven per cent for each degree of warming, whereas for short-duration rainfall events, 
observations in Australia generally show a larger than seven per cent increase per degree of warming.452 More intense 
rainfall will increase the likelihood of severe floods and subsequent large freshwater inflows to the marine environment 
(Section 3.2.3), increasing turbidity and sedimentation (Section 3.2.4) that can damage inshore coral reefs and 
seagrass meadows. Based on analyses of coral cores, extreme flood events are now occurring more frequently than 
in the past and fresh water is extending further out to mid-shelf areas of the Reef more often.457

The El Niño–Southern Oscillation is the most important driver of inter-annual climate variability in the Region, 
associated with a sustained period (many months) of warming (El Niño) or cooling (La Niña) in the central and eastern 
tropical Pacific.1156 During an El Niño event, the prevailing trade winds that blow from east to west across the Pacific 
Ocean weaken or even reverse, and the eastern tropical sea surface temperatures warm. The opposite occurs during 
a La Niña event. 

Extreme El Niño events result in the centre of Pacific rainfall moving eastward, away from the Australian coast 
towards South America. The common result is intense droughts across eastern Australia1172 and unusually warm late 
summer sea surface temperatures in the Region459. Extreme El Niño events have occurred in the Region in 1982–83, 
1997–98 and 2015–16 coinciding with worldwide climate extremes and are predicted to increase in frequency due 
to climate change.1173 Compared to the past four centuries, Eastern Pacific El Niño events over the last 30 years 
have been fewer, but more intense.1174 Additionally, the link between El Niño and coral bleaching has weakened, 
because La Niña sea surface temperatures today are warmer than they were during El Niños 30 years ago, due to 
global heating.99 Two of the four mass bleaching events on the Reef have occurred during El Niño phases of El Niño–
Southern Oscillation cycles (1998 and 2016) and two have not (2002 and 2017).88 Even if global warming is limited to 
1.5 degrees Celsius, the risk of extreme El Niño events is predicted to increase from around five events per 100 years 
to at least 10 events per 100 years by 2050 (based on the lowest emissions scenario RCP2.6).1172 During extreme La 
Niña events, the Australian summer monsoon is more vigorous than usual, with more tropical cyclone activity in the 
Region. This results in above-average rainfall and river flows, as happened in 2010–11. The extreme rainfall of that 
summer season was exacerbated by warmer sea surface temperatures around tropical Australia.1175 The frequency of 
such extreme La Niña events are also projected to increase in a warmer world.1176

The extreme rainfall event in early 2019 resulted in widespread flooding, inundating homes, businesses and local sports clubs, 
such as the Townsville and James Cook University Rowing Club. © Chloe Schauble
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6.3.2 Vulnerability of the ecosystem to climate change
The Region is particularly vulnerable to the pervasive influence of a rapidly changing climate.1150 The primary concern 
is impacts on habitat-forming species, such as corals, seagrasses and mangroves, in the Region. Severe impacts 
that reduce the abundance or condition of habitats have flow-on effects to dependent species and communities in 
the Region.1177,1178,1179 

Coral reefs and coral-dependent species are the most vulnerable to sea temperature 
increases1180 (Figure 6.7), as evidenced by the 2016 and 2017 mass bleaching events 
(Sections 2.3.5 and 2.4.4). Cascading effects have already resulted in the decline of 
coral-associated fish and invertebrates.244,273 As the climate continues to change, the 
capacity of hard corals to survive, grow and reproduce is increasingly compromised96, 
with resulting consequences for other species dependent on coral reefs (Section 2.3.5).

Seagrass meadows are less vulnerable to temperature 
increases than are coral reefs (Figure 6.7).1181,1182 However, 
extreme water temperatures (greater than 40 degrees 
Celsius) can be fatal to seagrasses.1181,1183 Recent evidence 
has linked seagrass decline in Western Australia1184 and 
more than 7400 hectares of mangrove dieback in the Gulf 
of Carpentaria1185 to severe marine heatwaves due to global 
warming. Severe cyclones Ita (2014) and Nathan (2015) 
resulted in 400–600 hectares of mangrove forest dieback 
near the Starcke River, Cape York.52 These mortality events 
highlight the susceptibility of these ecosystems to the effects 
of climate change. Loss of seagrasses and mangroves will 
potentially release stored carbon back into the atmosphere, 
contributing to further rises in atmospheric carbon dioxide 
concentrations.51,61 Projections of the future distribution of 
seagrasses suggest a poleward shift due to increasing sea 
water temperatures.1186

Calcifying organisms, including corals, echinoderms and algae, are most vulnerable to ocean acidification.231,508,1187 
Even relatively small decreases in ocean pH reduce the capacity of corals to build skeletons, which in turn reduces 
their capacity to create habitat.1188,1189 As ocean acidification rates are highest on inshore reefs, which account for 
approximately 20 per cent of the total number of reefs in the Great Barrier Reef, the rapid decline of these inshore 
reefs is of great concern.162 When calcifying organisms are weakened they are less able to resist and recover from 
physical damage caused by tropical cyclones.1190

Since 1975, a 27–49 per cent decrease in net calcification by the coral community has been observed on Lizard 
Island reefs.1191 Another study demonstrated that net community calcification under pre-industrial conditions was 
significantly higher than it is today.1192 This may indicate that ocean acidification could already be impairing coral 
reef growth. Over 55 million years ago, under high atmospheric concentrations of carbon dioxide, a reduction in 
calcification occurred.105,1193,1194 It took tens of thousands of years for those changes to reverse543, which means the 
emerging risks associated with ocean acidification will be essentially irreversible on human timescales.1195

Sea-level rise is projected to place significant pressure on coral reefs488, mangrove forests1185 and seagrasses47, 
as well as on salt marshes and islands.1196 For these habitats to persist, growth must keep pace with sea-level rise, 
however few coral reefs have the capacity to do this.488 More frequent coastal inundation will lead to hyper-salinisation 
of coastal habitats and shifts in intertidal species distributions.510

Most marine organisms are ectotherms and are unable to regulate their body temperature. Increases in temperature 
affect their performance and fitness.1197,1198 Temperature impacts due to global warming are evident on many species 
in the Region (Section 2.4), with mass mortality of fish and invertebrates in shallow northern reef lagoons in 2016.90 
Temperature experiments involving coral trout found declines in survivorship, metabolism and swimming activity 
with relatively moderate increases in temperature277,1023,1199 (Section 2.4.7). Feminisation of green turtle hatchlings 
originating from Raine Island nesting beaches has been an ongoing trend for more than two decades, due to 
increasing sand temperatures caused by global warming (Section 2.4.10).319 Thermal stress reduces reproductive 
rates and alters behaviour in crustaceans (Section 2.4.5).243,636 Although the sub-lethal effects of temperature are 
often inconspicuous, they can potentially de-stabilise how the ecosystem operates.243,636,1200

Indirect effects of increasing temperatures are also a concern for the Region. Latitudinal shifts in species distributions 
and changes in the timing of biological events have already been shown for a number of plankton, bony fish and 
invertebrate species in response to temperature increases.1201 Effects of increased sea surface temperatures, such 
as changes in timing of breeding and body size of breeding adults and loss of adequate food supplies, have been 
observed in many bird populations within the Region.361,1202,1203,1204 

Increasing temperatures are 
threatening most species and 
habitats in the Region 

Bleached hard and soft corals at Low Isles, March 2017. 
© Jenni Fox 2017
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Figure 6.7 Projected vulnerabilities of components of the Reef ecosystem to climate change
Vulnerability differs for a number of ecosystem components and depends on total atmospheric carbon dioxide concentrations. 
Changes in sea temperatures, ocean pH and sea level are indicative only, based on the latest climate projections. 
Source: Adapted from values presented in Gattuso et al. 20151159 and Hoegh-Guldberg et al. 2018487 
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As the East Australian Current strengthens and moves warmer water further south, some tropical species are 
expanding southwards along the southeast coast of Australia.1205,1206 As southern waters continue to warm, 
particularly during winter, these species may persist and establish new populations, representing a range 
expansion and the tropicalisation of temperate marine ecosystems.691,1207 Different species compositions could 
result in a reorganisation of ecosystem functions, particularly if displaced species are habitat-forming and lose their 
dominant position in the ecosystem.1208,1209 Overall, range shifts and changes in the timing of biological events can 
desynchronise ecological interactions and thereby threaten ecosystem function.

The Region’s key habitats, such as coral reefs, seagrass meadows and mangroves, have a natural resilience against 
acute physical disturbances, such as tropical cyclones, intense rainfall, freshwater flood plumes and heatwaves. 
However, climate change is exacerbating both acute and chronic disturbances in the Region, shrinking recovery 
windows and overwhelming resilience capability.99,439,1152,1172 In the past four decades, warming due to climate change 
has resulted in a five-fold increase in severe coral bleaching events globally99, and it will amplify the effects of other 
influencing factors, such as direct use, coastal development and land-based run-off (Sections 6.4 and 6.5).

6.3.3  Implications of climate change for regional communities
Climate change is the primary driver increasing threats to communities living in, or adjacent to, the Region, through an 
increase in climate extremes (record-breaking temperatures, floods and droughts) and declining Reef condition. This 

then affects health and wellbeing, food security and economic benefits. The ecological 
and economic benefits regional communities derive from the Region are diverse, and 
include income from fisheries and tourism, coastal protection, habitat provision for 
valuable species and cultural values.1210 Climate change has already reduced fisheries 
productivity1211, positive tourism experiences1212, and coastal protection by mangroves, 
seagrasses and coral reefs.1213,1214 For example, it is estimated that global marine fisheries 
catches will decline by three million metric tonnes for every degree Celsius of global 

warming, with serious regional impacts.1215 Human health will also be affected by climate change, through increased 
disease outbreaks1216, heat stress1217 and reduced food security.1218 

The vulnerability of reef-reliant industries largely depends on their exposure and sensitivity to the associated impacts, 
as well as their ability to anticipate and adapt to change. Surveys indicate people in the tourism industry are very 
concerned about the impacts of climate change on their businesses and livelihoods. Approximately one third of 
commercial fishers surveyed expressed similar concern, but many others still felt they needed more evidence to be 
convinced of the problem785 (Section 6.2.3). Building stronger and more resilient communities will be critical for the 
future sustainability of reef-reliant industries.24 Actions taken to improve community knowledge of climate change will 
enable communities to better prepare for, and mitigate, the impacts of climate change. 

6.4 Coastal development in the Catchment 
Coastal development includes all development activities, construction and land uses along the coastline as well as 
inland areas within the Catchment and development on islands (Section 2.3.1). The broad range of intensive land 
use in the Catchment exerts individual and cumulative pressures on coastal and inshore ecosystems.718 It is broadly 

accepted that to support the condition and resilience of the marine ecosystem, priorities 
must continue to focus on reducing agricultural sources of pollutants from contributing 
land uses.462,1219 Using land for agriculture is an aspect of coastal development. Trends in 
agricultural land management practices that affect water quality are examined in the land-
based run-off section of this report (Section 6.5). 

Approximately one million people live in the Catchment.1126 In 2016, an estimated 
885,000 people were living in the 18 local government areas with direct coastline access 
to the Region1054,1220, approximately four per cent more than in 2011. Around 4100 

new dwellings were constructed in these local government areas between 2014 and 2017, representing a slower 
housing market of approximately eight per cent in the same period. Population growth drives coastal development, 
concentrating mainly around urban areas. In turn, infrastructure demands intensify (for example, more roads and 
larger stormwater networks) and expansion into previously remote areas of the Catchment may occur (for example, 
Cape York). Pressure to produce and export food will also drive demand for agricultural land in the Catchment. Since 
2014, the greatest expansion of any land use in the Catchment has been in conservation and natural environments, 
including wetlands (Figure 6.8). The expansion has specifically involved the conversion of one land use to another, 
and occurred predominantly in the Cape York and Mackay–Whitsunday natural resource management (NRM) regions.

The threat of climate change 
is particularly pronounced for 
Reef-reliant communities

New and legacy barriers to 
the flow and modification of 
coastal ecosystems continue 
to affect Reef health
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Figure 6.8 Proportion of land uses in the Catchment 
Catchment land uses are grouped according to similarities in the ecological functions they provide to the Reef. The graphs identify the latest 
data capture between 2009 and 2016 for each natural resource management region. Source: Adapted from Department of Science, Information 
Technology, Innovation and the Arts (Qld)1221

6.4.1 Trends in coastal development
Agriculture Most land in the Catchment (about 72 per cent) supports some form 
of agricultural use (grazing, dryland or irrigated production and intensive animal 
production).1221 As with other sectors of the Queensland economy, the primary industry 
sector has experienced growth in the value of production since 2014. In 2017–18, the 
total value of Queensland’s primary industry commodities (combined gross value of 
production and first-stage processing) was forecast to be $19.45 billion — nine per cent 
greater than the average for the previous five years.1222 

Agriculture is the main pollutant source affecting the condition 
of the marine ecosystem, via land-based run-off from the 
Catchment (Section 6.5).527 Diffuse source pollution (not from 
a single discharge point) is run-off from agricultural land uses. 
The magnitude of the threats to the Region from poor water 
quality are influenced by activities, soil type and topography in 
the Catchment. Relevant activities include modifying coastal 
ecosystems (Section 3.5); the construction of barriers to 
flow (such as roads, rail lines, ponded pastures and weirs); 
and subsequent agricultural land practices (such as fertiliser 
use, irrigation and crop-rotation). New and legacy vegetation 
clearing and infrastructure, such as ponded pastures, 
continue to be significant human-induced threats to the 
Reef.9,1219,1223 How the land can be managed to minimise the 
threat is considered in the assessment of land-based run-off 
in Section 6.5.

Most land in the Catchment 
supports some form of 
agricultural use

© Department of Environment and Science (Qld)
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Mining and resources Queensland’s richest resource provinces are located within the Catchment. The resource 
sector contributed $29.1 billion (including direct spending on royalties, tax and wages) to Queensland’s economy in 
2017–18.1224 Coal mining was the largest contributor, accounting for approximately $19.9 billion (68.3 per cent of 
the total spending). While coal exploration activities in Queensland have declined (with a 25 per cent drop in granted 
exploration tenure in 2015–16 compared with the previous year), new projects are still in progress.1225 Statewide coal 

production (coking and thermal net output) remained generally steady between 2014–15 
and 2016–17 at approximately 240 million tonnes per annum.1224

Urban and industrial development Urban and industrial development occupies a small 
proportion of the Catchment (less than 0.7 per cent) and minimal expansion has occurred 
since 2014.1221 Population growth exerts pressure to develop land, construct new or 
upgrade infrastructure (such as roads and utilities, which impede flow) and encroach on 
coastal and inshore ecosystems.1226 Gaps remain in our understanding of cumulative 

impacts from new and legacy development. Given the established regulatory framework for urban and industrial 
development, the impact of urban run-off (or point source pollution channelled to a single discharge point; Section 
6.5) on water quality and Reef condition is considered localised and a lower threat than run-off from other major land 
uses. Instead, the influences of agriculture (particularly cane farming and cattle grazing land management practices) 
continue to be the focus of ongoing water quality management.462 In 2018, urban, industrial and public lands were 
incorporated into new water quality targets.527 The increasing impact of land-based marine debris is an emerging 
concern for Australian residents785 (Section 6.5). The extent of artificial light pollution from coastal development (urban 
areas, industry, ports, marinas and ships in anchorages) remains a data gap.

Sewage treatment plants An example of point source pollution is sewage treatment plants. These facilities 
have been progressively upgraded over the last 25 years.9 In 2017, an industry analysis estimated that 76 sewage 
treatment plants were located within 50 kilometres of the coastline.1227 Of these, 27 had achieved best practice for 
the reduction of nitrogen and phosphorus loads to the Region (‘tertiary’ treatment standard). Achieving this  
standard may not always be feasible in some locations.1219,1227 Overall, the contribution of sewage treatment  
plants to anthropogenic nutrient loads to the Region is minor467, however, comprehensive evidence about these 
facilities is limited.1223

Barriers to flow Waterways within the Catchment have been affected by barriers to flow since European settlement. 
Structures of all sizes that impede water flow have an influence on waterway condition and function. Data are limited 
on the extent of these structures across the Catchment, however, statistics are available for the Mackay–Whitsunday 
and Wet Tropics NRM regions. River basin assessments for 2013–14 in the Mackay–Whitsunday region consider 
barrier density on freshwater waterways, estuary barrier density and in-stream habitat modification.1228,1229,1230 For 
example, overall the Plane River rates poorly and the Don River is considered good. The Wet Tropics analysis from 
2015–16 continues to evolve, and several indicators have not yet been developed or monitored.1231 However, the Wet 
Tropics region had more waterways free of barriers in 2015–16 than the Mackay–Whitsunday region in 2013–14.

Tidal works Sea walls, groynes and reclamation are tidal works that present barriers to flow. The Region is 
susceptible to impacts from tidal works mainly near built-up areas. Tidal works have occurred in, and adjacent to, the 
Region since European settlement. While quantifiable extent data are available for some works, comprehensive data 
on all tidal works and their cumulative impacts are lacking. A recent study estimated nine per cent of the Region’s 
mainland shoreline has been modified by engineered structures.1232 Most structures occur in marina and port 
developments, with 60 per cent located within the lower three kilometres of estuaries.

Linear infrastructure Privately and publicly owned roads, rail and tracks are types of linear infrastructure that 
present barriers to flow. They are not confined to built-up areas and are present across the Catchment. New or 
upgraded roads make marine and coastal areas more accessible and can increase direct use of the Reef. Erosion 

from linear infrastructure has been identified as a significant sediment source within 
particular parts of the Catchment467 and a vector for pests and weeds into remote coastal 
ecosystems. For example, in the Normanby–Stewart catchment of Cape York, linear road 
infrastructure represents the largest direct human-induced disturbance of all intensive 
land uses in this area.1233 Access to quantitative data on the state of existing linear 
infrastructure remains a challenge for condition and trend reporting.

Aquaculture Aquaculture is a comparatively minor land use in the Catchment, covering 
an estimated 30 square kilometres. However, six land-based aquaculture development 

areas identified in the Catchment are proposed to promote the growth of this sector.1234,1235,1236 Since 2014, the 
statewide production value has been varied but overall it has declined (less than five per cent, from $120 million in 
2014–15 to $114 million in 2017–18).1237 No marine-based aquaculture facilities are currently operating in the Region.

Port development Port development undertaken directly in the Region is described and assessed in Section 
5.5. Land-based aspects of port activities (above low water mark, including reclamation) form part of the coastal 
development assessment. However, coordinated data on the extent of new and legacy port reclamation remains a 
data gap. New reclamation is thought to be minimal since 2014. Point source pollutants from ports are regulated and 
impacts on the Region are largely localised. However, coordinated data across all ports in the Region are limited. 

Urban run-off is a lower threat 
than run-off from other major 
land uses

Linear road infrastructure 
represents the largest 
anthropogenic disturbance in 
some areas of the Catchment 
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Marine access infrastructure Marine access infrastructure and launch facilities (boat ramps, pontoons and 
marinas on islands, in rivers and on the mainland coast) support local, recreational and tourism access to the Region. 
While some of these facilities are outside the Region, impacts from dredging and disposal of these facilities may 
flow into and affect the Region. The threat is assumed to be minimal and localised, given the small volumes and 
permit conditions. Since 2014, approximately 323,000 cubic metres of material in total was dredged (capital and 
maintenance) at these facilitates in and adjacent the Region.1238 

Island development Development on some of the Region’s islands supports permanent residential populations and 
tourism resorts. The principal residential islands include Palm Island and Magnetic Island, with stable populations of 
about 2400 and 2300, respectively.1054 Islands of the Reef form part of the property’s outstanding universal value. 
The property’s aesthetic heritage value has been affected by a number of deteriorating island destinations on state-
owned land (including national parks).1239 While many island resorts have remained 
closed following cyclones in 2011 and 2017, Daydream Island Resort reopened in early 
2019. At the time of writing, a proposed redevelopment on Great Keppel Island had 
not progressed and a proposal at Lindeman Island was amended, removing marine 
infrastructure elements. A development at Hummock Hill near Gladstone, approved in 
2018, also amended its plans to remove marine infrastructure.

6.4.2  Vulnerability of the ecosystem to coastal development
The Region’s ecosystem remains vulnerable to the effects of legacy, current and future coastal development, as  
well as cumulative impacts. The primary pressure from coastal development is from agricultural land use. By 
comparison, pressure from urban, industrial and mining development is minor. Modifying 
coastal ecosystems and barriers to flow increases the risk posed by poor water quality 
entering the Region. 

Modifying coastal ecosystems for coastal development limits their ability to provide 
ecosystem function and services that benefit the values of the Reef102 (Section 3.5). For 
example, modifying wetlands can limit their effectiveness in absorbing and transforming 
pollutants, slowing overland flow and providing nurseries for freshwater and marine 
species.43,102,707,719 Intact coastal ecosystems can prevent major erosive processes 
(like gully erosion) and abundant ground cover may decrease sediment and nutrient loads entering the Region.467 
As an indicator of modification, between 2015–16 and 2017–18, the Catchment accounted for a consistently high 
proportion (about 38–47 per cent) of woody vegetation clearing in the state (Section 3.5 Figure 3.12).703,704

Land-based pollutants from the Cape York NRM region are not recognised as posing a high threat to coastal 
or marine ecosystems.1240 Even so, proactive management actions are being taken. For example, in 2016 the 
Queensland Government purchased Springvale Station (a 560 square kilometre cattle property) with an aim to reduce 
sediment into the Normanby River catchment. The property is in the state’s protected area estate and contributes 
to the 73 per cent of area added to conservation and natural land use across the Catchment.1233,1241 Data are not 
yet available on the performance of the remediation activities on Springvale Station (such as destocking and erosion 
management1242; Figure 6.9) or any improvements in water quality entering Princess Charlotte Bay. By contrast, the 
Cape York region falls within the 20-year plan to invest and support economic expansion 
of northern Australia.1243 This initiative may result in expansive new barriers to flow and 
further modification of coastal ecosystems in this area.

Barriers to flow, such as tidal barrages and tidal works, have historically been installed 
to prevent the ingress of saline tidal waters and often to provide road access to the 
foreshore. As a result ponded pastures are created, impounding fresh water or forming 

an area to expand cropping and 
grazing land (Section 3.5.1). Where barriers reduce freshwater 
flow and connectivity between marine and freshwater 
systems, fisheries productivity can be reduced.1244,1245,1246 
Long-standing legislative arrangements mean the Region’s 
exposure to impacts from new ponded pastures infrastructure 
should be limited.712,713

Barriers to flow have been linked to the mobilisation of acid 
sulfate soils. Activities that may disturb acid sulfate soils 
have been regulated in Queensland since the early 2000s, 
reducing the exposure of the Region to such impacts. 
Acid, metals and other contaminants in these soils can 
affect many species at a local scale, both immediately and 
through accumulation in the food chain. This occurred in the 
Trinity Inlet (Cairns) where a seven kilometre bund wall was 
constructed in the 1970s to enable sugar cane production. 

Deteriorated island resort 
infrastructure affects aesthetic 
heritage values 

The Region’s ecosystem 
remains vulnerable to the 
effects of legacy, current and 
future coastal development

Agricultural land use is the 
primary pressure on the Reef 
from coastal development 

Figure 6.9 Gully erosion, West Normanby River catchment, 
Springvale Station © Kerry Trapnell 2017
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The Queensland Government purchased and created the East Trinity Environmental Reserve in 2000, undertaking 
active remediation. By 2016, the area returned to a functioning mangrove ecosystem and wildlife habitat.1247,1248

Tidal works, such as foreshore seawalls and groynes outside, and encroaching on, the Region, can affect inshore 
marine habitats by altering local marine hydrology, permanently removing inshore marine habitats and diminishing 
local aesthetic attributes. The presence of artificial light adjacent to the Region is an inferred increasing risk as 
regional communities expand in the coastal zone. It is known that emerging marine turtle hatchlings have a reduced 
ability to find the sea in the presence of artificial light (Section 2.4.10).331

Mining and other resource activities cover a comparatively very small proportion of the Catchment, but they can 
expose the Region to impacts that are hard to reverse. Contaminated tailing water flowing into the Region or water 
table is a current and future threat. Threats are regulated through new environmental protection legislation.1249,1250,1251 
Resource-based activities can affect the Region’s natural, Indigenous and historic heritage value in two main 
ways.1252,1253 Firstly, the historical export of resources and agriculture has been the major driver of port, linear 
infrastructure and urban expansion along the Region’s coast. Secondly, continued global use of fossil fuels is the 
primary driver of climate change and ocean warming (Section 6.3). 

Atmospheric pollution (excluding the contribution to climate change of gases, such as carbon dioxide) is not 
currently a significant threat to the condition of the Reef. While some recent studies have considered the  
impacts of pollutants like coal dust particles on the Reef (Section 5.7)1078,1079, limited data are available for other 
atmospheric pollutants. 

6.4.3 Implications of coastal development for regional communities
Coastal development occurs in areas of the Catchment where the bulk of the population reside. While rural areas 
have low populations, coastal development in the form of agriculture (specifically grazing) is the dominant land use in 
the Catchment and is the primary source of poor water quality entering the Region. As such, human-induced land-
based run-off remains one of the greatest impacts and threats to the Reef — and one of the most manageable. 

In urban areas and small communities, coastal development provides broad economic and social benefits via 
employment, economic activity, housing and places for recreation. While some data and monitoring gaps exist, 
urban activities are considered well regulated and their impacts on the Region are largely minor and localised.462,1219 

However, modifying coastal ecosystems for further urban or agricultural development 
remains a threat to the condition of the Region. The pressure exerted by modifying 
coastal ecosystems is more pronounced in rural areas, resulting in poor water quality 
entering the marine environment.1219 Poor water quality more broadly can affect the 
economic and social benefits regional communities derive from the Region (Section 
6.5.3). The effects of climate change (Section 6.3) are likely to amplify the effects of 
coastal development (urban, industrial and rural) on the Region. The implications of 
coastal development, therefore, cannot be considered in isolation.

6.5 Land-based run-off
Land-based run-off comprises freshwater flow (Section 3.2.3) from the terrestrial environment and what is carried 
with it into receiving waterbodies, including sediments, nutrients, pesticides and other pollutants (Sections 3.2.4 
and 3.3.1). Land-based run-off can be both point source and diffuse source. A point source is a single, identifiable, 
discharge point, such as a pipe. Diffuse sources are inputs occurring over a wide area, not easily attributed to a single 
source, such as land-based run-off.

As water flows through the Catchment to the marine environment, the uses of the land it passes through and over 
have a strong influence on its volume, velocity and quality. Activities, such as the application of fertilisers, livestock 
management, pest control, stormwater and sewage management, aquaculture, mining and fracking, and earthworks 
can all affect the resulting water quality.1254

Diffuse source land-based run-off occurs naturally and has always delivered sediments and nutrients to the Region. 
However, changes in land use within the Catchment since European settlement have increased the loads of 
sediments, nutrients and other pollutants (including pesticides, herbicides, heavy metals and plastics) entering the 
Region. The expansion of Catchment development (particularly agriculture) has been a primary contributing factor 
(Section 6.4).

The 2017 Scientific Consensus Statement determined that ‘current initiatives will not meet the water quality 
targets’ and ‘progress towards water quality targets has been slow’.462,1223 The Reef Water Quality Protection 
Plan 2013720 was updated in 2017, and transitioned into the Reef 2050 Water Quality Improvement Plan 2017–
2022 (Reef 2050 WQIP).527

Implications of coastal 
development cannot be 
considered in isolation from 
other influencing factors
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The Reef 2050 WQIP was released in 2018. Actions and progress towards Reef 2050 WQIP targets are assessed 
annually. The whole-of-Reef water quality targets in the Reef 2050 WQIP to be achieved by 2025, include: 

• at least 60 per cent reduction in anthropogenic end-of-catchment dissolved inorganic nitrogen loads
• at least 20 per cent reduction in anthropogenic end-of-catchment particulate nutrient loads
• at least 25 per cent reduction in anthropogenic end-of-catchment fine sediment 
 (less than 16 micrometres) loads
• protect at least 99 per cent of aquatic species at the end-of-catchments.527

6.5.1 Trends in land-based run-off
Freshwater flowing from the Catchment is the main mechanism for transporting pollutants into the Region. The 
condition and trend of specific pollutant loads and water quality parameters most relevant to land-based run-
off (nutrients, sediments, pesticides and other pollutants) are detailed below. Freshwater inflow, nutrient cycling, 
sediment exposure and salinity are discussed in Chapter 3.

Since 2014–15, annual freshwater discharge to the Region has been below the long-term median due to below-
average rainfall (Section 3.2.3). As a result, annually monitored sediment, nutrient and pesticide loads discharged 
into the Region have been relatively low, particularly in comparison to the previous Outlook reporting period, in which 
several large-scale floods influenced the Region.469 However, extreme rainfall and flooding occurred between the 
Cape York and Mackay–Whitsunday regions in February 2019 (Section 3.2.3). Research into the impacts of this large 
freshwater flow is underway but results fall outside this reporting period.

Catchment modelling is used to estimate the long-term annual average load reductions expected as a result of 
the reported adoption of improved land management practices (Box 10 and Figure 6.12). This modelling factors in 
significant inter-annual variability of climate conditions when assessing improvements. Although the models used 
involve certain assumptions and limitations1255,1256, they draw on the best available science and the information 
produced is generally well regarded. Modelled results for 2014–2017 indicate that Region-wide progress in load 
reductions ranged from very poor to good, depending on the pollutant being measured.463 The rate of progress 
slowed for all pollutants after 2013 compared with the improvement rate between 2008 and 2013.1219

After 15 years of monitoring, it is still not clear whether reduced land-derived pollutant 
loads have made a measureable change in the trend of land-based run-off in the 
Region.155 The lack of certainty is due to most parameters fluctuating over the monitoring 
period and annual variation in rainfall and run-off.463,469,1257 Sufficient time series are 
required to differentiate annual variation from long-term trend in the quality of the 
receiving water.462,469,472 In addition, it can take a long time for improvements in land 
management practice to show up as measured improvements in the water. The time 
lag can be years (for pesticides) to decades (for nutrients and sediments).472,1258 For 
instance, it has been estimated it will take 50 years to detect load reductions at the end-
of-catchments of both the Burdekin and Tully rivers.1258 The Paddock to Reef Integrated Monitoring, Modelling and 
Reporting Program is designed and adapted frequently to specifically detect changes well within these timeframes 
and inform management actions as needed.

Overseas studies have detected measurable reductions in river pollutant loads and associated coastal water quality 
and ecosystem condition, ranging between eight to 20 years for nutrients and 28 years for sediments.1259 The small 
improvement in trend of water quality entering the Region suggests that Catchment land use changes have not 
yet been implemented at a sufficient scale or timeframe to result in a measurable difference. Confounding factors, 
including extreme weather events, also complicate this process.

Nutrients Nutrients occur naturally in the environment in relatively low concentrations. They include dissolved 
inorganic and organic nutrients (such as nitrogen, phosphorus and carbon) and particulate nitrogen and phosphorus 
(Section 3.3.1).467 Modelling indicates that total nitrogen loads exported to the Region via land-based run-off have 
more than doubled since European settlement, from approximately 20,000 to 46,500 tonnes per year. This ranges 
from 1.2-fold to 4.7-fold increases for individual catchments. The largest nutrient loads come from the Wet Tropics 
(46 per cent) and Burdekin (21 per cent) regions.467 This is largely due to land use changes in the Catchment, 
particularly fertiliser use in agriculture (predominantly sugarcane).43,154,467,537,1260 Urban areas also contribute small 
amounts of nutrients to the Region, such as through wastewater discharges, which are important at a local scale.467

It takes a significant period 
of time for improved land 
practices to influence 
the condition of inshore 
ecosystems
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Nutrient concentrations across the length and width of the Region are highly variable; they are affected by the 
proximity of rivers, water circulation patterns and upstream land use. Concentrations of chlorophyll-a (an indicator 

of nutrient enrichment) across the Region hover near, or slightly above, the annual Great 
Barrier Reef Water Quality Guideline1261 values, except in the Mackay–Whitsunday region 
where chlorophyll-a concentrations have exceeded guideline values since monitoring 
began in 2005 (Section 3.3.1).155 All monitored inshore regions show increased 
concentrations of dissolved organic carbon since 2005, suggesting biogeochemical 
cycling is changing.155,469 

Models suggest that investments to improve agricultural land management practices 
from 2009 to 2016 reduced the dissolved inorganic nitrogen load leaving the Catchment by 20.9 per cent. Reduced 
levels of chronic environmental stress are expected to follow for the Region’s inshore ecosystems.461,1262,1263 However, 
the lag between improved practices and environmental benefits is likely to mean that nutrient concentrations will 
continue to affect the ecosystem for years to decades.43,167,470,1259 Current Catchment modelling reports very poor 
progress towards the dissolved inorganic nitrogen target of 60 per cent reduction for the whole Reef by 2025 under 
the Reef 2050 WQIP.527 From 2009 to 2018, load reduction was only 21.2 per cent.1264

The largest loads of particulate nitrogen originate from the Wet Tropics (27 per cent) and Fitzroy (20 per cent) 
regions.467 Particulate nitrogen primarily comes from land used for grazing.467 As at June 2018, overall progress 
against the new Reef 2050 WQIP target of 20 per cent reduction by 2025527 was 13 per cent.1264 Particulate and 
dissolved organic nutrients are a major contributor of loads to the Region, but understanding of their sources and 
transformations remains a significant knowledge gap.467 

Phosphorus often binds to sediments, particularly fine sediment, which may cause it to be more readily available once 
in the marine environment.467 Modelling estimates that the Region’s particulate phosphorus loads have increased 2.9-
fold from pre-development conditions (with increases ranging from 1.2-fold to 5.3-fold for individual catchments).467 
The largest phosphorus loads come from the Fitzroy (33 per cent) and Burdekin (22 per cent) regions.467 In the Wet 
Tropics and Mackay–Whitsunday regions, the main source of phosphorus is sugarcane farming. Grazing activities 
contribute the most in other regions. Cape York is the exception, contributing minimal anthropogenic phosphorus.467 
The Reef 2050 WQIP target for particulate phosphorus is a 20 per cent reduction in loads527 entering the Reef by 
2025. As at June 2018, a reduction of 16.2 per cent had been achieved.1264 

Sediments Since European settlement, fine sediments entering the Reef lagoon are estimated to have increased 
five-fold, and in some regions up to eight-fold.154,467 Land use south of Port Douglas is generally more intensive and 
adjacent inshore marine areas are more frequently exposed to greater sediment loads than those further north.463 

The Burdekin region is the major contributor (approximately 40 per cent) of the total 
anthropogenic sediment load to the Region, followed by the Fitzroy (18 per cent),  
Wet Tropics and Burnett–Mary regions (15 per cent each).467 The main sources of 
sediment loads from land are from grazing lands, erosion on hillslopes and sub-surface 
erosion from gully and streambank.467 Sediments from urban areas can be important at 
local scales.467

Sediment loads are exacerbated by highly variable rainfall patterns across the various 
river catchments.153,467,473 Sediments delivered from flood plumes settle relatively close 

to river mouths (within 50 kilometres).470,471 However, fine sediment is carried further in suspension.467,472 Delivery 
and resuspension of new sediments from run-off and dredging, and resuspension of existing sediments, combine to 
affect water quality condition.467,471,475 Concentrations of total suspended solids in the marine area are either below or 
at the annual Great Barrier Reef Water Quality Guideline values in the Johnstone–Russell–Mulgrave sub-region (Wet 
Tropics) and Burdekin region.155,1261 However, in the Tully–Herbert sub-region (Wet Tropics) and Mackay–Whitsunday 
region, concentrations are either on or slightly above guideline 
values.155 Water clarity has decreased in the Mackay–
Whitsunday region since monitoring began in 2005.155,469

A key target of the Reef 2050 WQIP is to achieve a 25 per 
cent reduction in sediment loads entering the Region as a 
result of human activities by 2025.527 Overall progress, as 
of June 2018, shows a reduction of 14.4 per cent.1264 A 
significant lag time is likely before reductions in suspended 
sediment load in the Region will be measurable and water 
quality improvements are ecologically significant; sediment 
effects will continue for years or decades.43,167,470,1258,1259 In 
addition, sediment exposure is expected to increase with the 
predicted increase in severity of extreme weather events due 
to a changing climate.43

Catchment modelling indicates 
very poor progress against 
nutrient reduction targets

Catchment modelling 
indicates moderate progress 
against suspended sediment 
reduction targets

Turbid river plume emerging from the Mulgrave–Russell river 
system, February 2015. © Dieter Tracey 
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Pesticides Pesticides, including herbicides, insecticides and fungicides, are used to control pests and weeds in 
agricultural and urban environments. These compounds were absent from the Region’s environment before  
European settlement.1265,1266,1267

The current pesticide target aims to protect at least 99 per cent of aquatic species from 
all pesticides, as measured at the end-of-catchments. To date, pesticide reduction 
has mainly focused on reducing the loads of five photosystem II (PSII) herbicides 
(ametryn, atrazine, diuron, hexazinone and tebuthiuron).1268 However, with advances 
in understanding of the toxicity of a broader range of pesticides, the assessment has 
expanded to 22 pesticides (PSII herbicides, other herbicides and insecticides) with a 
focus on reducing concentrations (that directly relate to species protection) rather than 
loads of pesticides.1268

Up to 56 different types of pesticides and pesticide metabolites have been detected in 
the Region’s freshwater, estuarine, wetland and marine ecosystems.1269 These most often occur in mixtures and can 
have a joint toxic impact on organisms (Section 6.5.2). Since 2009, there is no clear reduction in nearshore marine 
pesticide concentrations linked to improved land management practices.1254,1270 Diuron, atrazine and hexazinone 
are the most consistently detected and abundant PSII herbicides at most sites, reflecting land use in sugarcane, 
horticulture and grain cropping industries.1268 The concentrations of pesticides in marine waters in the Region  
remains generally low.1268 The highest pesticide concentrations are generally found at the Mackay–Whitsunday sites 
(Round Top Island).1268 The spatial pattern of pesticide concentrations in the marine environment reflects the  
dominant land use in the adjacent Catchment, and highest concentrations are found closest to the source.1269 
Sugarcane cropping contributes more than 95 per cent of the total load of PSII herbicides entering the Region 
and is the dominant land use in the Wet Tropics.1269 The cumulative effects of long-term exposure to the mixture of 
pesticides is not well understood, and there is the potential that exposure may reduce resilience of inshore seagrass 
and coral habitats.1268,1270,1271

Marine debris Marine debris, in particular plastic, causes environmental, economic, aesthetic and human health 
impacts.36,159,467,580 The most common marine debris found in the Region are plastic remnants (including lids, wrap 
and containers), rope and net scraps, cigarette butts and rubber footwear.42,1272

Plastic remnants dominated marine debris loads collected in more than 261 beach clean-ups within the Region in 
2017.37 However, single-use plastics only constituted a small proportion (approximately one to two per cent) of the 
overall marine debris collected.37 The three most prevalent types of single-use plastic were plastic drink bottles, 
plastic bags and straws (Figure 6.10). More single-use plastic items were found washed up on islands than at coastal 
or inland locations.1273

Global plastic use has increased twenty-fold since the 1960s and is expected to double again in the next 20 
years1274, so the potential for global environmental harm is significant. The distribution and volume of marine debris 
are highly influenced by the amount washed into the Region, its size and buoyancy, and the effects of currents, 
winds and the shape of the coastline and offshore islands. Marine debris enters the Region from the Catchment 
(from industrial and urban sources) and from local and international ocean-based activities (ship-sourced waste, 
abandoned fishing gear from recreational and commercial fisheries, and recreational uses and tourism).43,1275 The 
distance marine debris travels depends on its source and weight. Marine debris from rivers in the Region is estimated 
to travel an average of 19 kilometres from its source, whereas marine debris from shipping is estimated to travel 
approximately 225 kilometres.36 Predicting plastic movement can be difficult given the uncertainty around how a 

diverse range of particles will respond to hydrodynamics and 
wind. Understanding and quantifying the source and volume 
of marine debris in the Region is improving, but remains a 
significant knowledge gap that requires ongoing effort.43

The type of marine debris washing up on coastlines 
and islands across the Region between 2014 and 2018 
differed from north to south and from the coastline out 
to islands (Figure 6.11).37 Over that time, marine debris 
initiatives recorded 6645 clean-up days (recorded by the 
Tangaroa Blue Foundation 2018), which is likely to be an 
underestimate, especially for activities in isolated areas.37 
Plastic remnants (hard plastic and film fragments) were 
the most prevalent marine debris type in 2014-2018 in all 
regions, on both the coast and islands.37 Less local litter 
originates from the Cape York coast in the northern sector 
compared with the more populated central (adjacent to 
Townsville) and southern (adjacent to Bundaberg) sectors.37 

Sugarcane cropping 
contributes more than 95 
per cent of the total load 
of photosystem II (PSII) 
herbicides entering the Region

Figure 6.10 Three of the most prevalent types of single-use 
plastic collected from across the Region, 2017 
The data represents 134 coastal beach, 92 island and 35 
waterway and dry land clean-ups. Source: Australian Marine Debris 
Initiative 201837 GBRMPA acknowledges the Australian Marine Debris 
Initiative and the community organisations and individuals involved in 
the collection and provision of data used in this report.
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Figure 6.11 Estimate of the main source of marine debris, 2014 to 2018
Data shown cover marine debris collected from coastlines and islands adjacent to six natural 
resource management regions from 2014 to 2018. Plastic remnants are from unidentified sources. 
Source: Australian Marine Debris Initiative37 GBRMPA acknowledges the Australian Marine Debris Initiative and the 
community organisations and individuals involved in the collection and provision of data used in this report.

At a smaller scale, a separate study on islands in the Capricorn Bunker Group (offshore Gladstone), found marine 
debris had probably come from local sources, such as tourism and fishing.1276 Cape York and the Wet Tropics 
received the highest proportion of garbage being washed ashore from sources at sea (for example, from South 
East Asian sources).42,43 Cape York’s exposure to both oceanic sources and local shipping activity is of particular 
concern.43 Debris sourced from shipping and recreational fishing over this same time period was relatively low in all 
other areas.

Other pollutants Other pollutants, including metals and metalloids, antifouling paints, pharmaceuticals and personal 
care products (such as cosmetics and soaps) can be found in the Region.1240 Chronic contamination from antifouling 
paints and exposure to personal care products have been assessed as a risk in regions south of Cape York.1240  
These pollutants are associated with land-based run-off and high levels of human occupation locally and 
globally.43,1075 Pharmaceuticals and personal care products have been found in treated sewage (for example, 
paracetamol in the Fitzroy region)1277,1278, although monitoring information on spatial and temporal variation of these 
pollutants is limited.1075
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Although artificial chemicals were expected to be in very low concentration, a test of inshore areas in 2016–17 
detected eight pharmaceuticals, two personal care products, one illicit drug, 13 endogenous chemicals, two 
fungicides and one herbicide metabolite.1270 The cumulative effects of the mixture of chemicals are unknown and little 
monitoring information exists for non-agricultural chemical pollutants.1270

Metals and metalloids naturally occur in rock and soils, and can enter the marine environment via weathering, erosion 
and atmospheric deposition. Human activities have increased concentrations entering the marine environment 
through run-off and point-source discharge from most land uses in the Catchment, such as from mines and ports.1279 
Most studies have been conducted in and around ports, including Gladstone, Hay Point, Abbot Point, Townsville, 
and Cairns. Concentrations in these areas are relatively low, although water quality guidelines were exceeded in some 
instances.1279,1280 Metals and metalloids accumulate and remain in the system for years to decades.1279,1280 Mines 
within the Catchment have released metals and metalloids into the Region, including arsenic (associated with tin 
mining) and mercury (associated with past gold mining).1279 Disposal of waste water from contemporary mining and 
refining activities continues to pose a risk to the Region, particularly after high-rainfall events.1279

Per- and poly-fluoroalkyl substances (PFAS) are artificial chemicals used widely and mass produced since the 
1950s.1281,1282 These chemicals are now considered possibly damaging to human health and the environment. 
Historically in Australia, PFAS were used in high volumes in firefighting foams and in waterproofing and stain-
resistance treatments for products, such as textiles, carpet and paper. Because PFAS help reduce friction, they 
are also used in a variety of other industries, including aerospace, automotive, building and construction, and 
electronics.1283,1284,1285,1286

Firefighting foams containing PFAS as active ingredients are used extensively worldwide and within Australia, 
including at Defence bases, ports and other industries for both emergency firefighting and training. Past practices 
have resulted in high levels of PFAS contaminating the environment, particularly near firefighting training sites.1284 
As landfills and wastewater treatment plants consolidate waste containing PFAS from a broad range of industrial, 
commercial and consumer products, they are also potential point sources for PFAS emissions.1283 PFAS can enter 
the ocean from a variety of sources, including contaminated rivers, groundwater and effluent, where they will persist 
and become part of the food chain.1287 In 2004, the Department of Defence began phasing out the use of firefighting 
foams containing PFAS.1284 More recently, high concentrations of PFAS have been found in the Catchment around 
the Townsville RAAF base1288, and the ports of Gladstone and Townsville.1289,1290 Low levels have been found in the 
Port of Mackay.1291 The distribution and effects of PFAS in the marine environment are not well understood.

View towards the junction of the Russell and Mulgrave rivers over flooded sugarcane fields. © Dieter Tracey
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Agricultural land management practices     
While agricultural land use is a type of coastal development, agricultural land management practices form part 
of the assessment of land-based run-off. Several initiatives have been established to drive and encourage best 
practice agricultural land management throughout the Catchment.527,1292,1293,1294 In March 2019, strengthened 
Reef protection regulations were proposed.1295,1296 ‘Best practice’ is not a regulated standard; it varies across 
industry sectors and is reported using industry-specific management practice frameworks1297,1298 or an alternative 
benchmark applied independently by industry. Rationalising the varying definitions, targets and measurements of 
best practice from different programs applying agricultural land management practices is difficult.1295,1299 

After a period of early uptake, the rate of adoption of agricultural best practice has slowed. This is partially 
a consequence of modified targets but also reflects improved measurement frameworks.462,1297,1298 Evidence 
from farm trials suggests that sustainable agricultural practice improves productivity, increases profitability and 
protects the Reef.1295 Over several years, the targets for measuring the uptake of best practice have evolved from 
measuring the number of landholders who adopted improved management practice1300 to measuring the total 
land area managed using best management practice systems.527,720 

In mid-2018, the Reef 2050 WQIP introduced new land and catchment management targets, as part of the 
five-year review and update process.527 Since monitoring began in 2009, industry sector adoption of best 
management practices has been observed in some NRM regions (for example, grazing in Cape York).1264 

Changes to how the data are assessed have occurred as part of improvements in program evaluation. The 
changes mean data from 2016 onwards cannot be compared with previous years. However, the new data for 
2016 provide a more accurate benchmark against which to measure future progress. Overall, progress against 
the new Reef 2050 WQIP targets remains slow (Figure 6.12).1264 Further improvement will depend on increasing 
commitment by land managers to make long-term changes in agricultural land management practices.707,1257,1301 
The effectiveness of management tools to address potential impacts from land-based run-off and coastal 
development is discussed further in Chapter 7.

Cattle grazing is one of the key agricultural land uses in the Catchment. © Department of Environment and Science (Qld) 2013

BOX 10
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Figure 6.12 Proportion of area managed using best management agricultural practice systems in the Catchment, 2016–2018
Monitoring agricultural land management practices began in 2009; the baseline was reset in 2013 and again in 2016 to align with the next 
reporting period. New land and catchment management targets were introduced in mid-2018 to achieve water quality targets by 2025.527 
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capture since 2016. Source: Commonwealth of Australia and State of Queensland1264
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6.5.2 Vulnerability of the ecosystem to land-based run-off
Thirty-five major river catchments drain into the Region, with varying flow frequency and intensity. The greatest water 
quality risks to the Region and its coastal ecosystems are land-derived inputs from nutrients, fine sediments and 
pesticides.1240 Mid-shelf and offshore areas are less influenced by land-based run-off because of their distance from 
river mouths. The water quality in these areas is considered generally in better condition.43,469 However, in some 
locations between Lizard Island and Townsville, mid-shelf reefs are affected by land-based run-off, which are adjacent 
to regions that have a high dissolved inorganic nutrient load.1240 In contrast, inshore areas are highly influenced and 
degraded by land-based run-off43,1302 (for example, coral resilience is lowered due to poor water quality).1303

Following periods of comparatively low sediment, nutrient and pesticide loads, inshore ecosystems have 
demonstrated some ability to improve, provided they do not experience extra stresses. The observed recovery of 
seagrass meadows in inshore areas between 2012 and 2018 for example, was partly due to an absence of severe 
cyclones and below-average rainfall and freshwater discharge.462,463 In the Mackay–Whitsunday region, inshore coral 
condition improved significantly in 2015–16, similar to levels when monitoring first began in 2005–06, highlighting the 
recovery potential of these reefs. However, after cyclone Debbie impacted this area in 2017, the recovery gains were 
reversed and coral condition decreased.193 Recovery of these corals is likely to take several decades even if future 
agricultural inputs are eliminated.1304 Future recovery of inshore ecosystems will depend on a number of factors, 
including good water quality, sufficient recruitment, regrowth of surviving corals, and a suitable recovery window free 
from other major stressors, especially thermal extremes.

Understanding the exposure of the Region’s ecosystems to pollutants in land-based run-off is important for identifying 
the most vulnerable areas.469 Of the six NRM regions in the Catchment, the inshore areas adjacent to the Cape York 
region are considered the least affected by land-based activities. The other five NRM regions are more developed (80 
per cent used for agriculture1305) and contribute high pollutant loads to the Region through river discharges.707 Best 
practice land management has been identified as the activity having the greatest potential to improve water quality 

entering the Region.462

Understanding the impacts from multiple pollutant 
sources is critical to protecting the Region’s values. 
Depending on the pollutant (nutrients, sediment 
and pesticides), different areas in the Region are 
subject to high anthropogenic loads (Figure 6.13, 
Figure 6.14, Figure 6.15). Areas adjacent to the 
Wet Tropics, Burdekin and Mackay–Whitsunday 
NRM regions are of particular concern, given high 
modelled loads of dissolved inorganic nutrients and 
suspended sediments. That makes the species, 
habitats, ecological processes, and community 
benefits in those regions particularly vulnerable to 
land-based run-off. 

All ecosystems and species in the Region require 
some nutrients to facilitate growth, either through 
direct ingestion or absorption.1223 However, 
increased nutrients from land-based run-off can 
overwhelm natural processes and negatively affect 
Reef ecosystems.537 Dissolved inorganic nutrients 
(and fine particles) can travel large distances43,458,537 
during high-flow river discharge events (Figure 6.13), 
where they become available to phytoplankton, 
bacteria, macroalgae and seagrasses further 
offshore.59,537,1306 Elevated concentrations of 
dissolved inorganic nutrients within the water 
column, derived from land-based run-off and 
offshore upwelling within the Reef system, can fuel 
the abundance of some phytoplankton species and 
benefit crown-of-thorns starfish larvae.757,1307 (Section 
3.6.2) This effect on larval food supply may be one of 
the factors that influence outbreaks of crown-of-
thorns starfish, along with the availability of coral 
cover, abundance of predators, and connectivity 
(Section 3.6.2). Increases in dissolved inorganic 
nutrients can also increase benthic algae growth, 
potentially increasing competition with corals for 

Figure 6.13 Relative catchment priorities and likelihood of exposure of 
Reef ecosystems to dissolved inorganic nitrogen
Assessment of the relative priority of each of the Region’s 35 catchments 
according to their contribution to the modelled likelihood of exposure of Reef 
ecosystems to anthropogenic dissolved inorganic nitrogen (illustrated by 
shading in marine areas). Source: James Cook University adapted from Waterhouse 
et al. 20171240 
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space.43,59,158,1308 Dissolved inorganic nutrients 
may also exacerbate the effect of other 
stressors, such as high temperature anomalies 
and increase the susceptibility of hard corals 
to bleaching and disease.537,539,540 The effects 
of high levels of dissolved inorganic nutrients 
(including sediments binding) on seagrasses 
vary. Initially seagrass growth is promoted70, 
but light availability may decline with increased 
growth of phytoplankton in the water column 
and epiphytes that coat seagrass.1240

The receiving waters and ecosystems in the 
Wet Tropics region and, to a lesser extent, the 
Burdekin and Mackay–Whitsunday regions, 
are the most likely to experience high levels of 
dissolved inorganic nutrients (Figure 6.13). The 
basins that deliver the greatest contribution 
of loads to these areas and are, therefore, a 
high priority for management are the Herbert, 
Haughton, Mulgrave–Russell, Johnstone, Tully 
and Plane catchments (Figure 6.13).1240

Suspended sediment in run-off entering the 
Region can have far-reaching effects on Reef 
ecosystems, particularly following extreme 
weather events. Fine sediments are of most 
concern for areas with shallow seagrass 
meadows and inshore coral reefs, because 
they are lighter, remain suspended for longer, 
travel further and are resuspended with winds 
and tides.1240 These factors perpetuate the 
impact of fine sediments over long periods. 
Sediments reduce light availability required 
for photosynthesis, essential for food chain 
dynamics and the growth of corals and 
seagrass meadows.43,153,473 High concentrations 
of suspended sediments from dredging and 

natural resuspension events can negatively affect coral spawning events and coral settlement, which generally occur 
from October to December.1309 

Coral reproduction is also highly vulnerable to suspended sediments, which can entangle and entrap small coral 
spawn and also reduce their settlement success.1309,1310 Fine sediments can settle and build up on benthic turfing 
algae, deterring herbivores from grazing.603,1311 Adult corals can also die or be partially smothered from high levels  
of sediment exposure.514 Turbid waters can also affect fish species, doubling larvae development time1312,  
reducing growth rates1313, reducing the ability to find suitable habitat1314, changing predator–prey interactions477,1315, 
and damaging gill structure.1063,1316 Mangroves and wetlands are also vulnerable to pressures from increased 
sediments along with other pollutants and nutrients, affecting biodiversity and their ability to provide ecosystem 
services to the Reef.473

The likelihood of exposure of marine habitats to fine sediment is greatest in receiving waters adjacent to the Burdekin 
and Fitzroy regions (Figure 6.14).1240 The catchments that deliver the greatest contribution of loads to these areas  
and are, therefore, higher priority for management are the Burdekin, Herbert, Fitzroy and Burnett–Mary catchments 
(Figure 6.14).1240

Pesticide run-off poses a toxicity risk to freshwater ecosystems in the Catchment and some inshore coastal 
habitats, particularly within the southern Mackay–Whitsunday and the lower Burdekin regions, where the highest end-
of-catchment concentrations occur (Figure 6.15).254,462,1254,1317,1318 Potential impacts from pesticides include: reduced 
growth as a result of photosynthetic inhibition in seagrass, coral and algae; reduced fertilisation and metamorphosis 
in invertebrates473,1269; disruption of ecological processes, such as nutrient cycling and recruitment1254,1271,1319; and 
potential endocrine disruption in fish.1320,1321,1322

Figure 6.14 Relative catchment priorities and likelihood of exposure of 
Reef ecosystems to total suspended solids
Assessment of the relative priority of each of the Reef’s 35 catchments 
according to their contribution to the modelled likelihood of exposure of Reef 
ecosystems to anthropogenic total suspended solids (illustrated by shading in 
marine areas). Source: James Cook University adapted from Waterhouse et al. 20171240
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Pesticides used today have shorter half-lives (that is, 
they breakdown faster) than those used in the past 
(for example, DDT).473,1269 However, they can still 
persist (and accumulate) in the marine environment 
for a significant period, ranging from a month to 
nine years.1323 Low concentrations of pesticides 
have been detected in offshore sediments.1269 The 
potential impact of pesticides on ecosystems and 
species in the Region is not well understood.

Due to its high use, the herbicide diuron dominates 
toxic-load assessments and has been shown to 
reduce the productivity and photosynthetic efficiency 
of marine plants and corals.43,1324 Alternative 
herbicides (including 2,4-D and glyphosate) were 
expected to cause less environmental harm than 
PSII herbicides.1325 However, several studies 
have found that some alternative herbicides 
pose a similar risk to the environment as PSII 
herbicides.1254,1266,1267,1269 The frequency of alternative 
herbicides at greater concentrations than PSII 
herbicides have been observed in the  
Wet Tropics.1254

Except for a few specific locations, concentrations of 
pesticides in the Region are below levels expected 
to cause significant risk to marine organisms.1254 
However, the effect of ongoing low-level pesticide 
exposure on the inshore Reef area remains a key 
knowledge gap.472 The threat from pesticides is  
likely to be higher in some regions than others, 
especially when present in combination with other 
pollutants and stressors (for example, thermal 
stress).473,1254,1269 The cumulative effects of multiple 
pollutants and stressors on ecosystem health remain 
poorly understood.473,1254,1269

Other pollutants (in particular, marine debris 
and specifically single-use plastic) are likely to be 
more widespread than previously reported, due 
to the continual breaking up of macroplastics into 

microplastics. The impact of plastic marine debris can persist and amplify when it degrades over time to create 
microplastics (plastics smaller than five millimetres long). These smaller plastic particles can be ingested by marine 
organisms, accumulate through the food chain and have the potential to affect human health.43,159,444,1326,1327

Marine debris can enter the Region via terrestrial discharge of stormwater. It has the potential to affect a wide 
range of species and habitats, including but not limited to marine turtles, fish, cetaceans, dugongs, seabirds, corals, 
microorganisms and invertebrates through direct entanglement or by being mistaken for food.43,1275,1327,1328,1329,1330  
For example, on Heron Island, 21 per cent of wedge-tailed shearwater chicks were fed plastic fragments by their 
parents.365 Furthermore, 52 per cent of marine turtles may have ingested debris1331 with the youngest turtles being the 
most susceptible to plastic pollution.336 Loggerhead turtle hatchlings travelling down the East Australian Current and 
feeding at the surface are more likely than adults turtles to be exposed to, and ingest, floating macroplastics (such 
as plastic bottles and take-away container fragments).336,649,1331,1332 Ingested marine debris can result in digestive 
blockages, toxin absorption and death.1275,1333 There is growing concern about microplastic accumulation on nesting 
sites and the negative affects it can have on incubating environments for marine turtles.1096 Recent evidence indicates 
low concentrations of microplastic particles have been found in corals within the Region.159 Corals that come into 
contact with marine debris are 20 times more susceptible to disease, although this is minimal in the Region.580 Debris 
can also block out light and smother coral.36,43 Microorganisms and invertebrates have been detected on floating 
plastic in the Region, highlighting a dispersal pathway for invasive species.36,43,1328,1334

Metals and metalloids have been detected in the water, sediment and biota of marine ecosystems in the Region.43,1279 
They can exert toxic and sub-lethal effects on marine species, which include impairing fertilisation of corals and 
entering the food web by being absorbed by microorganisms and ingested by filter feeders (oysters and mussels) 
and fish.1279,1335 Elevated levels of metals and metalloids in green turtles can cause acute inflammation and liver 
dysfunction.1336,1337 The longer term effects of bioaccumulation within the ecosystem are not well understood.43
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Some compounds in PFASs are highly persistent and therefore tend to bioaccumulate in organisms and move up 
the food chain. Some PFASs are known to have impacts on the environment (affecting offspring, survival and growth 
of freshwater fish and invertebrates)1338,1339 and human health (such as PFOS).1281,1284,1288,1340 Though PFAS are being 
phased out, they are expected to persist in the environment for long periods of time.1284 The deep ocean is a potential 
sink for PFAS, which can be released through resuspension.1288,1341 More research is required to determine the 
potential consequences of long-term exposure to aquatic organisms and the risk to human health.880

6.5.3 Implications of land-based run-off for regional communities
Australians regard the Reef as a significant contributor to their national identity and in many cases place more 
value on that aspect than its economic values.1299 A survey of stakeholders in 2017, concluded the Reef is highly 
valued for a range of socio-economic reasons, including that it supports a variety of life (fish and coral reefs), has 
aesthetic beauty and is a World Heritage Area (Section 4.5.1).785 Pollution of marine and island environments in the 
Region from land-based run-off and degradation of ecosystems reduces heritage and natural values and threatens 
Reef-dependent industries, especially marine tourism. It can also affect people personally though their health 
and wellbeing, personal connections, and enjoyment and appreciation of the Reef. 
Catchment residents surveyed in 2017 rated pollution as one of the greatest threats to 
the Reef.785 Similarly, 1545 Catchment residents surveyed in 2015 found they placed 
great importance on seeing no visible rubbish on beaches and islands.849

Observed reduction in water clarity has been greatest in regions with the highest 
nutrient and sediment loads adjacent to the most intense agricultural land use.158 Poor 
water clarity affects visitor experiences through reduced underwater visibility and diver 
safety.1342 Reduced water clarity may also indirectly reduce economic return, through a decrease in expenditure by 
divers and snorkellers.1343 Local businesses are most supportive of initiatives to improve water quality in areas that 
have high levels of use and are also affected by agriculture, such as the Whitsundays. Government and community 
members, particularly farmers, have invested significantly in reducing the input of excess nutrients, sediment and 
pesticides from broadscale agriculture into the Region. Many actions to improve coastal habitats, minimise erosion 
and improve the efficiency of fertiliser applications on farms can improve the quality of water entering the Region.707 
Within urban areas, actions by local governments and schools to revegetate terrestrial habitats and reduce waste 
entering waterways are contributing to improved water quality entering the Region.

6.6 Direct use
Direct use of the Region includes commercial marine tourism, defence activities, fishing, recreation, research and 
educational activities, ports, shipping and the traditional use of marine resources. The current and projected trends in 
direct use are based on the relevant sections in Chapter 5. The analysis of the vulnerability of the Region’s values to 
ongoing direct use as a whole (Section 6.6.2), and its implications for regional communities, align with the evidence 
and assessments presented in Chapters 2 to 5. 

6.6.1 Trends in direct use
Commercial marine tourism remains the highest contributing Reef-dependent 
industry to the Region’s economy (Section 5.2). Since 2014, the number of visitors to 
the Region has generally increased. The Marine Park Authority’s high standard tourism 
program remains in place, although uptake has slowed. Interpretive products about the 
Region’s values and training for Reef tourism guides have increased. 

Defence activities, specifically training, are expected to be maintained or increase in 
frequency and intensity (Section 
5.3). While modern defence training activities have negligible 
impacts on the Region, balancing defence activities with 
conservation in sensitive habitats remains a high priority. 
As cumulative stressors increase, the risk of not achieving 
appropriate balance will increase. 

Fishing is the largest extractive use of the Region (Section 
5.4). Trawl, net, line and pot remain the most significant 
commercial fishing methods. Recreational fishing remains 
one of the most popular activities on the Reef and in 
estuaries. Some species continue to be a concern and 
information remains limited for some species. Illegal fishing 
(recreational and commercial) persists as an issue. No-take 

Reef-dependent industries 
are affected when poor water 
quality degrades ecosystems

Declining ecosystem condition 
reduces the benefits Reef-
dependent industries and 
people derive from the Reef 

Amphibious landing as part of defence training exercises. 
© Department of Defence (Cth) 2017
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zones are exhibiting a variety of benefits for fisheries’ sustainability and ecosystem health. Given this, and the growing 
pressure on the Reef’s ecosystem generally, fishers’ compliance with zoning requirements is increasingly important. 
The expansion of vessel tracking systems into more commercial sectors is expected to substantially improve 
commercial fishing compliance rates.

Recreational use (not including fishing) is one of the major direct uses of the Region. It encompasses short 
trips to the beach through to longer journeys to the Reef (Section 5.5). Between 2014 and 2018, the number of 
recreational vessel registrations in the Catchment was the highest recorded. The broad cultural value of the Reef has 
significantly increased for residents since 2013, despite coral condition decreasing.1009

Research and educational activities occur in many parts of the Region, often around research stations. 
Understanding of cumulative effects of the impacts associated with research and educational activities remains 
limited (Section 5.6). Since 2014, research on the effects of climate change, reef restoration technologies and socio-
ecological connections in response to multiple stressors (such as crown-of-thorns starfish predation and mass coral 
bleaching) has continued to grow.

Ports in the Region have experienced mixed economic outputs since 2014, with a minor decline in combined trade 
throughput at the priority ports in 2016–17 (Section 5.7). While port operations and their impacts have remained 
constant since 2014, regulatory changes for ports in 2015 have reduced some threats and increased management 
effort. Port maritime development has slowed since that time. 

Shipping traffic through the Region is relatively limited compared with busier international locations (Section 
5.8), although the number of cruise ships transiting the Region is increasing. Advances in technology, regulation, 
inspections and the level of monitoring of shipping traffic have improved shipping safety. Shipping and its impacts 
in the Region have remained constant since 2014. However, knowledge and management gaps remain around the 
impact of ship anchoring, resuspension of sediments from ship propellers and light pollution from ships at anchor. 

Traditional use of marine resources is a key part of the Reef’s Indigenous culture and the ongoing connection of 
Traditional Owners to their land and sea country (Section 5.9). Since 2014, new Traditional Use of Marine Resource 
Agreements have been accredited bringing the cumulative area covered by these agreements to approximately a 
quarter of the Region’s coastline.

6.6.2 Vulnerability of the ecosystem to direct use
The eight identified direct uses of the Region expose the Reef’s values to a variety of impacts at a local scale and 
cumulatively. When coupled with the highest and most immediate threats to the Reef (such as sea temperature 
increase and altered weather patterns), the impact of direct use is amplified. Some activities (tourism, defence, ports 
and research) tend to be localised, while other uses (fishing, recreational use and shipping) are more widespread. The 
effectiveness of the current management tools for the main types of direct use in, and adjacent to, the Region are 
assessed in Chapter 7. 

Damage from direct use can be permanent or temporary. Permanent change is usually a result of modifications to 
coastline and island habitats from coastal development, or port and marine infrastructure activities. By contrast,  
direct use impacts that can kill and injure coral, such as anchoring, are usually temporary and smaller in scale. 
Damaged areas can return to a pre-disturbance state if recovery times are adequate. Handling and manipulation  
of benthic organisms can lead to localised damage to the reef structure and increase the prevalence of outbreaks  
of disease.1344 

Commercial marine tourism, fishing and recreation activities in some locations may interact with other uses — 
incompatible uses (with incompatible values) can affect or displace another user group. Displacement concerns 
have been raised between commercial marine tourism and Traditional Owners, as well as resource allocation between 
recreational and commercial fishers. 

Legacy defence activities, such as unexploded ordinance, and 
other activities in the Catchment and Region involving PFAS, 
continue to be detected in, and adjacent to, the Region. The 
impact of PFAS chemicals on plant and animal communities  
is still unknown. Marine debris is a threatening process for 
wildlife1096 and an emerging threat to the Region as the  
global human population increases (Section 6.2.1). Direct uses 
have the potential to add marine debris to coastal, island and 
marine habitats. A comprehensive understanding of the quantity 
of, and ecological effects from, microplastics in the Region is 
lacking (Section 6.5). 

Marine debris clean up by Tangaroa Blue.
© GBRMPA, photographer: Christian Miller
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The number of reported vessel strikes on species of conservation concern is generally low.1015 Surface-breathing 
marine animals (such as marine turtles, dugongs, dolphins and whales) are most often struck by vessels, with the 
collision often resulting in injury or death. Population growth in regional communities is a driver of human-induced 
impacts on the Region. More vessel use, larger ships and expansion of direct use activities are likely to increase 
wildlife disturbance across the Region.

Even though procedural controls are in place to respond to oil spills and some chemical spills, the Region remains 
vulnerable to vessel groundings and large spills of other foreign material (diesel and other cargo). For example, large 
volumes of sugar released into a coral reef environment could make the water anoxic (devoid of oxygen) affecting a 
large number of species. Shipping (and other vessels greater than 50 metres in overall length), international fishing 
and recreational vessels (predominantly yachts) are vectors for introduced exotic species. If introduced and 
persistent, introduced species can have widespread effects on the ecosystem. While limited pest incursions have 
occurred at ports and marinas since 2014, islands remain vulnerable to pest incursions.

Dredging and disposal of dredge material in inshore areas contribute to sedimentation by disrupting and 
resuspending sediments. A growing shipping fleet and increased coastal development (including from ports) 
continues to intensify the intrusion of artificial light into the Region. The effect of artificial light on marine turtles is 
well known331,332,1345, and exposure has increased since 2014.

Fishing is the single largest extractive activity in the Region. Target and non-target species from various trophic 
levels are directly removed from the ecosystem. Indirectly, other species and habitats may also be affected through 
anchor damage and damage to the seafloor (from trawling). Across the range of threats and impacts from 
fishing, incidental catch of species of conservation concern (dugongs, inshore dolphins and some species 
of sea snakes, marine turtles, sharks and rays) still persists. Dugong and green turtle populations are still depleted 
following past commercial harvesting and are further threatened by climate change. These species remain at risk of 
entanglement and drowning when they interact with legal fishing gear, or illegal fishing and poaching. Illegal fishing 
in no-take zones and harvest of fish smaller or larger than relevant size limits can be perceived by fishers as a one-off, 
short-term impact. However, illegal fishing can have long-term impacts on biodiversity given some species take many 
years to reach sexual maturity (Section 8.3.4).

Climate change, habitat loss and delayed recovery of critical fisheries habitats make the ecosystem more vulnerable 
to direct effects from fishing and other direct use. Conversely, deterioration of habitat that fisheries species rely upon 
will increase the vulnerability of the fishing industry through reduced catches, increased disease prevalence and a 
potential shift in fisheries species. This social-ecological vulnerability also applies to all other Reef-dependent uses.

6.6.3 Implications of direct use for regional communities
The Region is not a pristine ecosystem and it exists in a dynamic state.781 The dynamic state involves interactions 
with people and how they use the Region’s natural heritage values and connect with Indigenous heritage values. 
Since European settlement, use of the Region has changed and intensified. 

For uses that depend on the Reef, the condition of the ecosystem remains fundamental to the longevity of their 
various industries, economic prosperity and social wellbeing. The social and economic implications flowing from the 
unprecedented back-to-back coral bleaching events in 2016 and 2017 and several cyclones since 2015 are partly 

known. The social-ecological implications are particularly 
obvious where the damage to the environment or resort 
infrastructure affected tourists’ choice of destination. 
However, the indirect effects are not yet fully known. The 
direct economic cost of climate change and ecosystem 
disturbance on Reef-dependent communities has not been 
fully quantified and remains a knowledge gap. 

Non-Reef-dependent uses (defence activities, ports 
and shipping), which are not directly connected to the 
Region’s natural values, are affected by external factors. 
The economic significance of ports and shipping is largely 
driven by global and domestic demand for resources and 
commodities. As an interconnected system, however, 
changes to the climate that affect the health and usability of 
the Region are likely to affect the suitability of the Reef as a 
transit corridor for ships. 

Recreational use provides enjoyment and social benefits. 
© GBRMPA, photographer: Pine Creek Pictures
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6.7 Vulnerability of heritage values to influencing factors 
Of the four main factors influencing the Region (climate change, coastal development, land-based run-off and direct 
use), climate change remains the greatest threat to the Region’s heritage values. The outstanding universal value 
of the Reef and how Traditional Owners interact with the natural environment, are highly vulnerable to the factors 
influencing the Region. 

Pressures exerted on the Region’s natural heritage value (ecological and biological processes and habitats assessed 
in Chapters 2 and 3) equally apply pressure on the Region’s Indigenous heritage value. Therefore, even the slightest 
change in the Region’s processes or habitats may have far-reaching consequences on the natural and Indigenous 
heritage value of the Region. While the impacts of climate change have been assessed for many of Australia’s world 
heritage properties, including the Reef (Sections 6.3 and 7.3.9), limited adaptive planning has been undertaken for 
other Indigenous and historic heritage places in the Region.1346 Spatial and temporal impacts of climate change vary 
between places and properties, so each will have different vulnerabilities and adaptive capacity. Adaptive responses 
can ameliorate risk by early identification of specific impacts and instigation of targeted conservation measures.1347 

Broad social and cultural values of Traditional Owners, regional communities and Reef users will make an important 
contribution to developing vulnerability assessments and interventions.1348

The cultural sensitivity of some Indigenous heritage values and the vast geographical expanse of the Region make 
investigation, monitoring and management of these values difficult. Island and mangrove systems are highly valued 
by Traditional Owners and some Indigenous cultural sites, such as middens, are still recovering from several recent 
severe cyclones (Section 4.3). Some traditionally valued species (marine turtles and dugong) remain under pressure 
from climate change, habitat loss and degradation, fishing-associated impacts811, and marine debris. Conversely, 
humpback whales, which are important to the Woppaburra Traditional Owners, are recovering strongly but remain 
at risk from wildlife disturbance (people approaching too close) and vessel strike. Direct use of the Region may 
restrict Traditional Owners’ access to country, which may fragment cultural knowledge and reduce the capacity 
of Traditional Owners to pass on their culture (a foundational capacity gap). Without access and connection to 
country, Traditional Owner groups cannot manage their land and sea country. Distance and separation from country 
may also result in loss and fragmentation of knowledge of tangible and intangible Indigenous heritage values.

An inherently difficult aspect of maintaining resilience of historic heritage values, is identifying and protecting sites, 
and monitoring their condition and integrity. Where heritage values are known (for example, lightstations), ongoing 
maintenance reduces the asset’s vulnerability. Historic heritage values (lightstations, shipwrecks and aircraft wrecks) 
continue to be vulnerable to natural degradation, severe weather events and illegal activities. The location of heritage 
values can influence their vulnerability and resilience.1348 Under predicted climate change scenarios, sea-level rise 
(Section 3.2.5) will endanger Indigenous and historic heritage components situated at or just above sea level in 
intertidal areas and on Commonwealth islands. 

Indigenous and historic heritage is irreplaceable, therefore, where possible, impacts should be avoided or 
mitigated.1349 Irreversible damage or loss of Indigenous and historic heritage values can arise from direct use (for 
example, through intentional or unintentional removal of, or damage to, significant artefacts or sites of Indigenous 
significance).1007 Inappropriate behaviour or presence of people at certain sites can also affect Indigenous  
heritage values. Poor water quality, coupled with climate change impacts, natural processes and encroaching  
coastal development (ports, marinas, revetment walls) will place pressure on inshore and coastal natural and 
Indigenous heritage values. Overall, a changing climate is imposing strong current and predicted impacts on all the 
Region’s heritage values.

Many heritage values are vulnerability to the same threats as the ecosystem. Sediment laden water affects habitats of culturally 
significant species. © Matt Curnock 2019
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6.8 Assessment summary — Factors influencing the 
 Region’s values
Paragraph 54(3)(g) of the Great Barrier Reef Marine Park Act 1975 requires ‘… an assessment of the factors 
influencing the current and projected future environmental, economic and social values …’ of the Great Barrier 
Reef Region. 

Paragraph 116A(2)(e) of the Great Barrier Reef Marine Park Regulations 1983 requires ‘… an assessment of the 
factors influencing the current and projected future heritage values …’ of the Great Barrier Reef Region. 

The assessment is based on four assessment criteria:

• impacts on ecological values
• impacts on heritage values
• impacts on economic values
• impacts on social values.

Grades for all components and attributes examined in the assessment, as well as the grade for the criterion, are 
allocated according to the statements in the table below.

6.8.1 Impacts on ecological values

Grading statements — impacts on ecological, heritage, economic and social values Trend since last report

Very low impact
Few or no impacts 
have been observed 
and accepted 
predictions indicate 
that future impacts 
on the Region’s 
ecological, heritage, 
economic or social 
values are likely to 
be minor.

Low impact
Some minor impacts 
have already been 
observed and there is 
concern that, based on 
accepted predictions, 
there will be significant 
but localised impacts on 
the Region’s ecological, 
heritage, economic or 
social values.

High impact
Current and predicted 
future impacts are 
likely to significantly 
affect the Region’s 
ecological, heritage, 
economic or social 
values. Concern about 
serious ecosystem, 
heritage, economic or 
social effects within 
next 20–50 years.

Very high impact
Current and predicted 
future impacts are 
likely to irreversibly 
destroy much of the 
Region’s ecological, 
heritage, economic 
or social values. 
Widespread and 
serious ecosystem, 
heritage, economic 
or social effects likely 
within next 10–20 
years.

 
Borderline
Indicates where a 
component or criterion 
is considered close to 
satisfying the adjacent 
grading statement. 

h 
n
i
0

Increased

Stable

Decreased

No consistent trend

Future trend 

h 
n

i
0

Increasing

Stable

Decreasing

No consistent trend

Confidence

Adequate high-quality 
evidence and high level of 
consensus

Limited evidence or 
limited consensus

Inferred, very limited 
evidence

Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

h
h
h
h

Impact on ecological values: Climate change has had a widespread effect on ecological 
values fundamental to the Region’s identity. High coral mortality due to thermal bleaching events 
has transformed the Reef. Evidence of cascading effects of coral loss on fish and invertebrate 
abundance and diversity are emerging. Negative impacts on ecological values, associated with 
coastal development, land-based run-off and direct use are being amplified under the strong 
signal of climate change. 

h
h
h
h

Climate change: Climate change has had far-reaching effects on the Reef, with record-breaking 
sea surface temperatures resulting in widespread mortality of shallow-water corals. Flow-on 
effects to dependent species, habitats and heritage values are also occurring. Impacts of climate 
change are becoming more severe and widespread. 

h
h
n
h

Coastal development: The extent of new coastal development has been minor, although 
the impact of legacy development remains high. Projected future populations will increase 
development pressure on the Region. Economic expansion in northern Australia will intensify 
access to currently remote parts of the Catchment. 
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Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

i
i
n
i

Land-based run-off: Poor water quality continues to affect inshore areas. The rate of reduction 
of pollutant loads has been slow as a result of modest improvements in agricultural land 
management.

h
h
h
h

Direct use: The cumulative effects of extraction and damage to the Reef by direct use, coupled 
with smaller recovery windows, erode ecosystem resilience. More frequent acute disturbances 
(cyclones, flood plumes, coral bleaching) will exert more pressure on a degraded system. 

6.8.2 Impacts on heritage values
Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

h
n
h

Impact on heritage values: The Region’s natural heritage value is already impacted by climate 
change, transforming the reefscape through reductions in species and habitats and altered 
ecological processes. This status, coupled with Traditional Owners’ connection to sea country, 
places Indigenous heritage values of the Region under growing pressure. Historic heritage values 
remain vulnerable to a changing climate and impacts from human interaction. 

h
h
h

Climate change: The interconnectedness of the natural and Indigenous heritage values 
exacerbates the vulnerability of the Region to the impacts of a changing climate. Some 
Indigenous and historic heritage values are irreplaceable if lost or damaged. Historic heritage 
components remain exposed to altered weather patterns. 

h
n
h

Coastal development: Encroachment from coastal development into the Region (ports, 
marinas, revetment walls) will place pressure on inshore and coastal natural and Indigenous 
heritage values. Altered weather patterns resulting from increased global emissions are a major 
threat to heritage values. 

i
n
i

Land-based run-off: Culturally significant species (dugongs, marine turtles) that rely on inshore 
seagrass continue to be vulnerable to land-based run-off. A changing climate is imposing strong 
current and predicted impacts on natural and Indigenous heritage values.

h

0
0

Direct use: Direct use has limited impacts on historic heritage values, except shipwrecks that 
can be damaged by various activities. Even though many threats associated with direct use 
are generally well managed, an imbalance persists between traditional use and ecological and 
economic benefits to the Region. 

6.8.3 Impacts on economic values
Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

h
h
n
0

Impact on economic values: The economic value of Reef-dependent uses relies on a healthy 
Reef ecosystem. For non-Reef-dependent uses, economic value is aligned with market forces 
and population growth in the Catchment. Effects of ecological declines may become apparent 
over the next few years. 

h
h
h
h

Climate change: Climate change effects on the Regions’ natural heritage are expected to have 
major economic consequences for Reef-dependent industries, including tourism and fisheries. 
Economic effects of climate change may lag behind ecological effects and to date the full impact 
of ecological damage sustained since 2014 has not yet been fully realised. The loss of coastal 
protection as the Reef degrades and more frequent severe weather occurs poses a significant 
economic and social risk to the Queensland community. 

0
0
0
0

Coastal development: Population growth, poorly managed land use, development and 
infrastructure in the Catchment may affect the marine ecosystem. Indirectly, this would place 
pressure on the profitability of Reef-dependent uses. 
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Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

i
i
n
i

Land-based run-off: The Region is vulnerable to the effects of poor water quality. Resulting 
declines in ecosystem health will affect the economic growth of Reef-dependent industries. 
However, if practice change continues impacts may decrease in future.

n
i
n
0

Direct use: Direct use of the Region continues to be a significant contributor to regional and 
national economies. Visitation showed minor declines coinciding with severe cyclones, but by 
2018 was showing signs of recovery. Future economic value of many Reef-dependent activities 
is intrinsically linked to the condition of the Reef. 

6.8.4 Impacts on social values
Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

h
h
h
h

Impact on social values: Ecosystem decline as a result of climate change and land-based run-
off will affect community health, wellbeing and enjoyment derived from the Region. An increased 
concern for the Region and its ecosystems has been recorded. However, across the broad 
spectrum of influencing factors, evidence is limited about the effect of disturbances on social 
values. 

h
h
h
h

Climate change: Climate-related changes to the ecosystem have affected patterns of use of 
the Reef and visitor satisfaction. People’s awareness of the current and future effects of climate 
change is increasing their concern about the ecosystem. The loss of coastal protection will have 
effects on social values. The vulnerability of Reef-dependent individuals and businesses depends 
on their ability to anticipate and adapt to change.

n
n
n
0

Coastal development: Coastal development provides broad economic and social benefits 
to regional communities adjacent the Region through employment, commerce and places for 
recreation. Expansion into remote parts of the Catchment may provide social benefit from further 
access to the Region. 

i
i
n
i

Land-based run-off: Ecosystem declines from poor water quality, particularly in inshore areas, 
can affect wellbeing and enjoyment of stakeholders through degraded aesthetics.

n
n
n
n

Direct use: The Reef continues to be valued by national and international communities. 
Employment opportunities, knowledge, recreation and access contribute to the social benefits 
derived from the Reef. Traditional Owners’ connections to land and sea country are fundamental 
to the Indigenous cultural values of the Region. 
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6.9 Overall summary of factors influencing the 
 Region’s values
The Reef is undergoing significant social, economic and environmental change. The main drivers increasing pressure 
on the Reef’s values are economic and population growth; management will become more challenging if growth 

outpaces the implementation of protective management measures (such as setting limits 
on use of sensitive locations). Drivers of change can also positively affect the Region’s 
values. For example, technological developments (another key driver) can lead to 
changed behaviours, such as use of renewable energy. 

Influenced by these underlying drivers of change, climate change, coastal development, 
land-based run-off and direct use are the major factors affecting the Region’s values. 

Each of these factors is assessed in terms of its impact on ecological, heritage, economic and social values. 
Understanding of the current condition and trend of these factors has improved since 2014.

Of the four major factors, climate change is having the greatest impact on the Region’s values, and the signals of 
climate change, such as increasing water temperatures, are accelerating. Furthermore, climate change will amplify 

the impacts of other threats. The impacts of climate change will become more frequent, 
severe and widespread. The resultant trend is one of increasing cumulative effects on  
the Region’s ecological, heritage, economic and social values. For example, two 
consecutive years of mass coral bleaching caused the loss of at least 30 per cent of 
the Region’s shallow-water coral cover, and this is having cascading effects on coral-
dependent species. 

Coastal development has a high impact on ecological and heritage values. Legacy 
effects of past coastal development, primarily agricultural land uses, mining and urban 

development, are still significantly affecting coastal ecosystems adjacent to the Reef. The future trend is increasing, 
and existing and further modifications to coastal ecosystems and barriers to flow will encroach further upon natural 
and heritage values in the future.

The Region continues to be vulnerable to exposure to pollutants (mainly sediments, 
nutrients and pesticides) transported from land-based run-off resulting from unsustainable 
agricultural land management practices. Land-based run-off can seriously threaten 
the Region’s natural and Indigenous heritage values and, therefore, the success of 
Reef-dependent industries such as commercial fishing and marine tourism. Poor water 
quality can also affect social attributes, such as people’s health and wellbeing, personal 
connections, enjoyment and appreciation of the Reef. 

Across the multitude of direct uses of the Region, the Reef’s values are exposed to a 
variety of pressures, including local and widespread impacts. The cumulative effects 
of multiple direct uses occurring in one location, coupled with broad influences of 
climate change, remain a significant issue and management challenge. Knowledge and 
understanding has continued to improve for marine debris and its impacts on species 
and ecosystems. It is essential that management actions that effectively address direct 
use impacts and maintain resilience continue, in particular, effective spatial planning, 
compliance and crown-of-thorns starfish control.

The Reef is undergoing 
significant social, economic 
and environmental change

Overwhelmingly, climate 
change is the primary factor 
affecting the Reef, and its 
influence is increasing faster 
than previously predicted

Land-based run-off from 
agriculture in the Catchment 
remains the greatest 
contributor to poor water 
quality in the inshore area

Cumulative impacts to 
ecological values from 
the factors influencing the 
Region’s values are amplified 
under the strong signal of 
climate change

Some structures within waterways provide mechanisms to assist fish to move upstream.  
© GBRMPA 2016, photographer: Through the Looking Glass Studio
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<< Diver culling crown-of-thorns starfish © GBRMPA 2013
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E X I S T I N G  P R O T E C T I O N
A N D  M A N A G E M E N T

‘an assessment of the existing measures to protect and manage 
the ecosystem …’ within the Great Barrier Reef Region, s 54(3)(f) 

of the Great Barrier Reef Marine Park Act 1975

‘an assessment of the existing measures to protect and manage the relevant 
heritage values …’ of the Great Barrier Reef Region, paragraph 116A(2)(d) of the 

Great Barrier Reef Marine Park Regulations 1983 

7.1 Background
Protection and management of the Region is a partnership between many government agencies, Traditional Owners, 
stakeholders and community members, with influencing activities occurring within and adjacent to the Region. 
An understanding of management effectiveness for these activities is an important component in determining the 
probable resilience of the Region’s ecosystem and heritage values. Management effectiveness also contributes to an 
assessment of the major risks that remain after management actions are considered; the assessment informs future 
adaptive management options to strengthen and improve the outlook for the Reef. 

The effectiveness of existing measures to protect and manage the Region’s ecosystem was independently assessed 
in the 2009 Outlook Report and the 2014 Outlook Report. An assessment has been completed for the 2019 Outlook 
Report to compare management effectiveness over time and highlight areas that have been strengthened and those 
that have weakened. This assessment was undertaken by five independent reviewers.5 Their assessment considered 
the effectiveness of management actions undertaken by all government agencies and other parties that play a role in 
protection and management of the Region.

The full report of the independent assessors1 is available on the Great Barrier Reef Marine Park Authority’s (Marine 
Park Authority’s) website (www.gbrmpa.gov.au). A separate high-level assessment, the Reef 2050 Insights Report2, 
provides insights into the effectiveness of the contributions of the Reef 2050 Long-Term Sustainability Plan (Reef 
2050 Plan). It is also available on the Marine Park Authority’s website.

7.1.1 Roles and responsibilities
Protection and management responsibilities within the Region Both the Australian and Queensland 
governments have direct legislative responsibilities within the Region (Figure 7.1). The Australian Constitution does 
not expressly regulate natural resource management and environment protection. These matters are regulated by 
the Queensland government. The Reef and Australia’s world and national heritage properties are protected through 
Commonwealth legislation under other Constitutional powers. 

The Great Barrier Reef Marine Park Act 1975 (Cth) (the Act) is the primary legislation 
dedicated to the long-term protection of the environment, biodiversity and heritage 
values of the Region. It established the Marine Park Authority and governs its operations. 
The Marine Park Authority manages the Great Barrier Reef Marine Park (Figure 7.1) in 
accordance with the Act. This Commonwealth marine protected area is complemented 
by the Queensland Great Barrier Reef Coast Marine Park in adjacent Queensland waters 
and the Commonwealth Coral Sea Marine Park, which extends from the outer boundary.

Both the Australian and 
Queensland governments 
have direct legislative 
responsibilities within  
the Region
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To ensure a cooperative approach, the Australian and Queensland governments work in partnership through the 
Great Barrier Reef Intergovernmental Agreement 2015938 to protect and manage the Region. The responsible 
government agencies (Marine Park Authority and Queensland Parks and Wildlife Services) have a close working 
relationship, resulting in joint management on many issues within the Marine Park, the adjacent Queensland Great 
Barrier Reef Coast Marine Park and Queensland island national parks.

Since the 2014 Outlook Report, the roles and responsibilities for the long-term protection of the Great Barrier Reef 
World Heritage Area (World Heritage Area) and the Region have been focused and guided under the overarching Reef 
2050 Plan.9 This plan helps respond to findings of the 2014 Outlook Report and provides management direction to 
2050.9 The Reef 2050 Plan forms a new addendum to the Great Barrier Reef Intergovernmental Agreement 2015.

Coral Sea
Marine Park

Highest
astronomical
tide

Mean
low
water

Three nautical
mile limit

Great Barrier Reef
Region boundary

Exclusive
Economic

Zone
boundary

The Region 
extends 915m into 
the air and 1000m 

beneath the 
seabed and land 

surface

Environment Protection and Biodiversity Conservation Act 1999 assessment and approval provisions

Native Title Act 1993

Nature Conservation Act 1992

Coastal Protection and Management Act 1995

Planning Act 2016

Commonweath managed
Coral Sea fisheries

Great Barrier Reef Region (does not include Queensland islands and internal waters)

Great Barrier Reef Marine Park and Great Barrier Reef Marine Park Act 1975

Queensland managed fisheries

Environment Protection and Biodiversity Conservation Act 1999 Commonwealth Area provisions

Great Barrier Reef World Heritage Area

Queensland Territory Commonwealth Territory

Great Barrier Reef Coast Marine Park

Figure 7.1 Jurisdictional boundaries
The Region encompasses both Commonwealth (red) and Queensland (blue) jurisdictions. Queensland territory extends from the land to the 
three nautical mile limit. A Commonwealth and state intergovernmental agreement to jointly manage marine parks and island national parks 
ensures integrated field management of the Great Barrier Reef Marine Park and the abutting Great Barrier Reef Coast Marine Park. The dashed 
line indicates that the latter marine park includes the Queensland-owned islands that lie within the Region. The dotted lines indicate the possible 
extent of the relevant legislation or jurisdiction (for example, depending on species or fishery). Fisheries management within the Region is 
regulated by the Queensland Government. The assessment and approval provisions of the Environment Protection and Biodiversity Conservation 
Act 1999 (Cth) apply throughout the Region. However, its Commonwealth reserve provisions apply only in the Coral Sea Marine Park.
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Protection and management responsibilities outside the Region Many of the threats to the Region’s 
ecosystem (natural heritage value) and heritage values (Indigenous, historic and other) arise outside its boundaries 
(such as climate change, coastal development and Catchment land use practices). Australian, Queensland and local 
government agencies have mixed regulatory responsibilities for these matters.

The Australian Government has national and international responsibilities in relation to environment and heritage 
protection for the World Heritage Area. Actions having, or likely to have, a significant impact on matters of national 
environmental significance (including the Marine Park and the World Heritage Area), whether they are undertaken in 
or outside the Region, are regulated under the Environment Protection and Biodiversity Conservation Act 1999 
(Cth) (the EPBC Act). The Queensland Government is responsible for natural resource management and land use for 
Queensland’s islands, coast and hinterland, including through the Planning Act 2016 (Qld), Coastal Protection and 
Management Act 1995 (Qld) and Nature Conservation Act 1992 (Qld).

Partners in management Many government agencies, Traditional Owners, stakeholders and individuals directly 
participate in protection and management activities within the Region and the adjacent Catchment (Table 7.1). 

Table 7.1 Partners in the management of the Region

A
u

st
ra

lia
n 

G
o

ve
rn

m
en

t

The Great Barrier Reef Marine Park Authority is the primary agency dedicated to protection of  
the Region, and is responsible for implementing the Great Barrier Reef Marine Park Act and contributing 
to reporting on the state of the World Heritage Area

The Department of the Environment and Energy is responsible for implementing the EPBC Act and 
coordinating reporting on the state of the World Heritage Area

Australian Maritime Safety Authority is responsible for maritime safety including environmental 
considerations and search and rescue

Maritime Border Command provides aerial surveillance of the Region

Parks Australia manages the adjacent Coral Sea Marine Park, for which a management plan came into 
effect on 1 July 2018

Q
u

ee
n

sl
an

d
 G

o
ve

rn
m

en
t

The Queensland Parks and Wildlife Service is responsible for day-to-day joint field management of 
the Marine Parks and Islands with the Marine Park Authority

The Department of Environment and Science is the lead agency on environmental management 
matters in intertidal areas, Queensland internal waters and the Catchment

Maritime Safety Queensland is responsible for the protection of Queensland’s waterways and the 
people who use them

Department of Agriculture and Fisheries and Queensland Boating and Fisheries Patrol manage 
and enforce fisheries and transport legislation

P
ar

tn
er

s

Traditional Owners work to protect cultural and heritage values, conserve biodiversity and enhance the 
resilience of their land and sea country

Researchers and research institutions provide training, public outreach and scientific evidence  
to inform policy reform, improved governance and adaptive management through formal and  
informal channels

Local governments, industry groups (for example, ports and shipping), regional natural resource 
management bodies, advisory committees and the community are involved in actions to minimise 
impacts, address threats and improve outcomes for the Region
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7.1.2 Focus of management 
Activities to protect and manage the Reef focus on 14 broad management topics across three areas:

Managing direct use

• commercial marine tourism
• defence activities
• fishing 
• ports
• recreation (not including fishing)
• research activities
• shipping
• traditional use of marine resources

Managing external factors 

• climate change
• coastal development
• land-based run-off

Managing to protect the Region’s values

• biodiversity values
• heritage values
• community benefits of the environment.

These topics form the basis of the assessment of existing measures to protect and manage the Region’s ecosystem 
and heritage values. Additionally, three main management approaches are examined: environmental regulation; 
engagement; and knowledge, integration and innovation. 

A researcher conducting a coral health survey along a marked transect. © Tane Sinclair-Taylor
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Table 7.2 Scale and complexity of management topics

7.1.3 Scale and complexity 
The 14 management topics assessed vary in scale and complexity (Table 7.2). The assessment of effectiveness for 
each management topic has not been weighted to take into account differences in scale and complexity between 
topics. Inter-relationships between management topics often manifest with cumulative effect, creating additional 
management challenges. This complexity is further analysed in the risks chapter (Chapter 9) and addressed in the 
long-term outlook chapter (Chapter 10).

7.1.4 Management approaches and tools
Three main management approaches are used to protect and manage the Region:

• Environmental regulation: management tools, such as regulations, zoning plans, management plans, 
permits and licences, and compliance actions (audits, infringement notices and prosecutions) are used to 
establish and enforce the environmental standards necessary to protect and manage the Reef. 

• Engagement: management agencies work with Traditional Owners, scientists, the community, industry and 
local government to strengthen knowledge, ensure fit-for-purpose management and influence actions that 
will help improve the outlook for the Region. 

• Knowledge, integration and innovation: effective management is based on the best available science 
and draws on traditional ecological knowledge and information from the wider community. It is informed by 
the results of ongoing monitoring.

Management topic Scale
Complexity

Social Biophysical Jurisdictional

Managing direct use

Commercial marine 
tourism

Region-wide but variable in intensity Major Moderate Moderate

Defence activities Limited in area and duration Minor Minor Minor

Fishing Region-wide but variable in intensity Major Major Moderate

Ports Concentrated around ports Major Moderate Major

Recreation (not 
including fishing)

Region-wide but variable in intensity Major Moderate Moderate

Research activities Region-wide but limited in intensity Minor Moderate Minor

Shipping Concentrated around shipping lanes Moderate Moderate Moderate

Traditional use of 
marine resources

Region-wide but variable in intensity Major Moderate Moderate

Managing external factors

Climate change Region-wide Major Major Major

Coastal development
Region-wide, but limited to Catchment 
areas and mainly inshore waters

Major Major Major

Land-based run-off Catchment and mainly inshore waters Major Major Major

Managing to protect the Region’s values 

Biodiversity values Region-wide Minor Major Moderate

Heritage values Region-wide Major Moderate Moderate

Community benefits 
of the environment

Region-wide Major Moderate Minor
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Each of these approaches is explicitly assessed in Section 7.4. Many management tools are used to address a 
number of topics and each topic is addressed by a combination of tools (Table 7.3). The effectiveness of all of the 
relevant tools has been assessed for each management topic. 

Table 7.3 Management tools used to address the broad management topics

7.2 Assessing protection and management measures
To ensure the assessment of existing measures to protect and manage the Region’s ecosystem (natural heritage 
value) and heritage values (Indigenous, historic and other) was independent, the Marine Park Authority engaged 
five external independent assessors through an open tender process to jointly undertake the assessment. These 
assessors have expertise in protected area management, defence, ports, shipping, 
monitoring and evaluation, public policy and governance. The full report5, including 
the evidence assessed to inform grades, has been summarised in Sections 7.3 to 7.5. 
These sections were reviewed by the independent assessors to make sure they are a 
transparent and fair reflection of their findings. 

The effectiveness of protection 
and management measures 
was independently assessed

Management tools
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Acts and regulations • • • • • • • • • • • • •

Zoning plans • • • • • • • • • • • • •

Management plans • • • • • • • • • • • • •

Permits and licences • • • • • • • • • • • •
Traditional Owner 
agreements • • • • •

Compliance actions • • • • • • • • • • • • •

Site infrastructure • • • • • • • • •

Fees and charges • • • • • • •

Policy • • • • • • • • • • • • • •

Partnerships • • • • • • • • • • • • • •
Stewardship and best 
practice • • • • • • • • • • • • • •
Education and community 
awareness • • • • • • • • • • • • • •

Research and monitoring • • • • • • • • • • • • • •

Reporting • • • • • • • • • • • • • •
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Since 2014, the Reef 2050 Plan9 has been a key driver of actions. The related Reef 2050 Insights Report considers 
the Reef 2050 Plan’s strengths, weaknesses and contribution to the effective management of the Region.8

7.2.1 Scope 
The scope and methods for this assessment are consistent with the 2009 and 2014 Outlook Reports. The 
assessment considers the activities of all Australian and Queensland government agencies and other partners 
that contribute to protection and management of the Region. The scope is, therefore, much broader than just the 
management responsibilities of the Marine Park Authority.

Management actions both inside and outside the Region are examined to the extent they are relevant to, and 
influence protection and management of, the Region’s ecosystem and heritage values. In relation to the global issue 
of climate change, the assessment primarily considered measures undertaken by managing agencies specifically to 
protect and manage the Region. Given the unprecedented back-to-back coral bleaching events, and other climate-
driven pressures, this assessment also broadly considers state, national and global climate change initiatives that are 
relevant to the values of the Region. 

7.2.2 Assessment method 
The International Union for the Conservation of Nature and Natural Resources (IUCN) has developed a framework 
for assessing management effectiveness of protected areas, which has been applied around the world.1350 The 2019 
Outlook Report assessment consistently applies this framework. This framework is based on a management cycle in 
which management is continuously evaluated and refined (Figure 7.2). 

The assessment was based on the six elements of the management cycle:

• understanding context 
• planning 
• financial, staffing and information inputs
• management systems and processes
• delivery of outputs
• achievement of outcomes.

The independent assessment examined the six 
elements of the management cycle for each 
management topic outlined in Section 7.1.2 
above. This framework specifies that effective 
management needs to be underpinned by a 
thorough understanding of the specific conditions 
related to protected areas, be carefully planned 
and implemented, and include regular monitoring, 
leading to changes in management as required. 

For each management topic, the independent 
assessors considered evidence provided by 
managing agencies against 49 indicators to assess 

effectiveness at 
each stage of the 
management cycle 
(Appendix 5). Based 
on the results of the 
assessment of each 
management topic, 
the independent 

assessors also provided a summary of effectiveness 
for each of the three broad management 
approaches (environmental regulation; engagement; 
and knowledge, integration and innovation).

The independent assessment 
of management effectiveness is 
examined around the six elements 
of the management cycle

Figure 7.2 Framework for assessing management effectiveness  
of protected areas 
Effective management is a closed loop where issues are considered, 
plans are made, resources are expended, processes are followed, and 
products and services are delivered, all leading to outcomes that address 
the issues. Source: Adapted from Hockings et al. 20061350 
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7.2.3 Information used 
Information relevant to assessing performance against each of the indicators was assembled by both Australian 
and Queensland government agencies and provided to the independent assessors. To refine existing methodology 
without affecting comparability, the independent assessors introduced another step based on an innovation 
developed as part of the IUCN Green List of Protected and Conserved Areas Programme. This involved specifying 
‘means of verifying’ each indicator, which identifies the most relevant types of evidence needed to appropriately 
assess each indicator. 

The independent assessors also sought extra information from relevant research papers, semi-structured stakeholder 
interviews, workshops with managing agencies and other source documents. The assessment was based on 
documentation available and advice provided before the end of September 2018. Where necessary, information has 
been updated after this date with the consent of the independent assessors, but only where the new information 
involved a substantial change in management.

7.3 Assessment of existing protection 
 and management measures
The following assessment of existing measures to protect and manage the Region’s ecosystem and heritage values is 
a summary of an independent analysis of the 14 broad management topics by the five expert assessors.5 

Managing direct use

7.3.1 Commercial marine tourism
In terms of economic value and employment, tourism is recognised as the most significant direct use of the 
Region.846 Both the Australian and Queensland governments recognise the importance of the Region to tourism. 
Marine tourism activities are considered to be a comparatively low risk to the Reef’s values when considered across 
the entire Region. However, at a local scale, marine tourism activities can affect the environment and heritage values 
and displace other users (for example, through congestion at particular high-use sites). 

To address risks associated with marine tourism, the Marine Park Authority and the 
Queensland Parks and Wildlife Service jointly manage use and access through permits, 
management plans and compliance operations. A comprehensive suite of management 
tools, complemented by strong industry partnerships, continues to contribute to a 
sustainable tourism sector in the Region. 

The strongest improvements in management over the past five years have involved 
revised planning and permit processes and better material informing tourists about 
the Reef and its values. For example, in 2017, the amended Whitsundays Plan of 
Management 1998 increased protection of sensitive seabird nesting areas, increased 
flexibility to accommodate low or no-impact activities, improved recognition of the importance of the area to 
Traditional Owners and increased flexibility for some tourism activities, such as motorised water sports at  
established locations. 

In 2017, permission processes in the Marine Park regulations were reviewed. New assessment guidelines and 
policies under a strengthening permissions systems project were completed by the Marine Park Authority with a view 
to improving consistency and transparency in decision-making. The Marine Park Authority is meeting the service 
level standards for processing applications for permissions it developed and set out in the permission system service 
charter.1351 Local-scale issues, such as damage to coral (from anchoring and fin damage from tourists snorkelling or 
diving) and disturbance of marine wildlife (through feeding, touching, noise and crowding) have been reduced through 
regulation, communication of responsible reef practices, and increased provision of reef protection infrastructure, 
such as public moorings.

The impact of climate change (causing unprecedented mass mortality of corals in 2016 and 2017), poor water 
quality and severe weather on particular tourism sites, has increased dramatically since 2014. The tourism industry 
and managing agencies need to make sure future management and use of the Region are sustainable, adaptable 
and flexible. This is especially important for addressing potential issues, such as congestion, if some sites become 
unviable for tourism purposes following disturbances. The Marine Park Authority’s Marine Tourism Contingency Plan 
20141352 provides some flexibility for tourism operators to relocate following damage at particular sites (for example, 
after cyclone Debbie in 2017).

The Marine Park Authority has invested additional resources in the enforcement of permissions. This includes making 
sure permitted structures are well-maintained to reduce risks to the Region’s values (for example, in 2016–17, all nine 
tourism pontoons were audited and no significant issues were found). 

A comprehensive suite 
of management tools, 
complemented by  
strong industry partnerships, 
contribute to the  
sustainable management of 
tourism activities
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Stakeholders are well known by managing agencies and are proactively engaged through meetings, training 
programs and advisory committees. Managing agencies leverage better practices from the tourism industry through 
a High Standard Tourism Operator Program. Eligible operators are accredited on the basis of their operations being 
ecologically sustainable and culturally appropriate, including presenting the values of the Region to a high standard. 
The number of independently certified high standard tourism operations has steadily increased from 19 operators in 
2004 to 69 in 2017. These operations carry approximately 63 per cent of tourists visiting the Reef. 

In 2015, the Marine Park Authority commissioned an independent audit of certified high standard tourism operators 
to determine the level of compliance with certification requirements. The audit identified fundamental strengths and 
positive experiences and also significant gaps relating to how the world heritage values were presented in interpretive 
content and education. The Master Reef Guides program and Reef Discovery Training course have been developed 
by the Marine Park Authority in partnership with the tourism industry to address this deficiency. 

Context and planning are identified as areas that require strengthening. No systematic monitoring system is in 
place to assess the effectiveness of plans of management. The Cairns Area Plan of Management 1998 and the 
Hinchinbrook Plan of Management 2004 are both overdue for review – the Cairns plan was last amended in 2008 
and the Hinchinbrook plan has not been amended since it was created in 2004. The delayed review of these plans 
is in part due to the low risk nature of marine tourism compared to other activities, such as crown-of-thorns starfish 
control. Since 2016, these plan of management areas have been affected by multiple stressors, such as mass coral 
bleaching and several severe cyclones. Some understanding of how impacted habitats have affected enjoyment 
of, and accessibility to, the Reef by visitors and the reef-based tourism industry exists, but is limited. To make sure 
the plans remain fit for purpose in the face of increasing cumulative impacts and a changing environment, the future 
needs of these areas should be considered through a risk-based planning approach.

The value that tourism visitors put on the Region is indicative of its national and international importance. The effective 
management of marine tourism in the Region is based on strong partnerships with the industry and a strong joint 
management approach between the Marine Park Authority and the Queensland Parks and Wildlife Service.

7.3.2 Defence activities
Activities undertaken by the Department of Defence in the Region continue to be managed effectively. Close 
cooperation exists between Defence, the Marine Park Authority and other agencies, particularly relating to the 
management cycles for major exercises using the Shoalwater Bay Military Training Area. Any impacts identified 

through day-to-day management of exercises were localised and short-term, and all 
incidents were considered to be well managed.

Defence has a mature environmental management system in place that has operated very 
effectively for many years. The memorandum of understanding between Defence and the 
Marine Park Authority continues to underpin strong working relationships and information 
sharing, and instils a high level of confidence that defence activities are environmentally 
sustainable in the Region.

Defence continues to demonstrate a strong commitment to minimising its impacts, 
including implementing strict controls in sensitive habitats. For example, as part of the 
Talisman Sabre exercise in 2017, amphibious landing activities occurred at Stanage 

Bay rather than within the Shoalwater Bay Military Training Area. Stanage Bay offered deeper water access and 
thus reduced the potential impacts on seagrass beds important for dugongs and green turtles. The decision to use 
Stanage Bay recognised pressures on the Region from other threats, particularly coral bleaching impacts associated 
with climate change and storm events.

Shoalwater Bay remains a relatively large and intact natural area that is an increasingly important refuge for species 
(for example, dugongs and birdlife) whose distribution are contracting in response to other pressures, such as coastal 
development and climate change. Balancing the Defence requirements for training with conservation of critical 
environmental values will remain a significant challenge for managing agencies and Defence.

Defence continues to play an effective role in response to reports of legacy unexploded ordnance. Since the 2014 
Outlook Report, some improvements have been made to the publicly available information about management of 
unexploded ordnance, explosive ordnance waste, and a wide range of dumped war materials. Web-based mapping 
tools now cover some of the known marine areas where contamination is likely to exist outside existing Defence 
training areas. This information is useful for managers making decisions about permitted uses in areas that might 
be affected by discarded or misfired ordnance. Almost no information is available on the presence or effects of 
ordnance contamination on the Reef. An exception is the World War II dump site at John Brewer Reef, offshore 
from Townsville, where extensive surveys have been undertaken since the discovery of dumped ordnance in 1988. 
As noted in the 2014 Outlook Report, Defence continues to treat hazards arising from unexploded ordnance 
contamination completely differently to all other forms of hazardous material contamination of the environment. It is a 
specific shortcoming that the Commonwealth policy on the management of land in Australia affected by unexploded 
ordnance does not clearly consider environmental contamination risks.

The management framework 
for defence activities 
continues to deliver effective 
environmental monitoring  
and management, 
commensurate with the low 
level of evident risks
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7.3.3 Fishing
Fishing is the principal extractive use of the Reef. Viable commercial fishing industries and recreational fishing depend 
on a healthy ecosystem. Management of fishing, and the aquatic environment on which it depends, is shared 
between the Australian and Queensland governments. The primary management tool for commercial and recreational 
fishing is the Fisheries Act 1994 (Qld) and associated fisheries regulations. These require licensing of commercial 
fishing and establish fishing gear limitations, size and possession limits, spatial and temporal fishery closures and 
total allowable commercial catch limits. Also, the Queensland Boating and Fisheries Patrol and the Reef Joint Field 
Management Program carry out a comprehensive compliance program. These programs have been strengthened 
over the past five years, particularly in relation to recreational fishing. The Reef Joint Field Management Program is on 
track to double in size by 2021, further improving capacity for compliance and enforcement.

The most significant change in management of fishing in the Region since 2014 is the development of the 
Queensland Sustainable Fisheries Strategy 2017–2027 (Sustainable Fisheries Strategy).892 This strategy covers 
both commercial and recreational fishing and commits to 10 major reform areas, including improved monitoring, 
research, environmental risk assessments and fish stock management. Delivery of this plan and associated 
investment have resulted in an increased management effectiveness grade for planning and inputs (Table 7.4). For 
example, in 2017–18 an extra 16 Queensland Boating and Fisheries Patrol compliance officers were appointed in the 
Region and 11 other full-time equivalent staff were recruited to support implementation of the strategy.

Illegal fishing is considered one of the greatest risks to targeted stocks and the sustainability of legal fishing. Fisheries 
compliance measures have increased since 2014, with Vessel Monitoring Systems (Section 5.4.3 Box 7) to be 
operational on all commercial vessels by 2020 and the Marine Park Authority making greater use of legislation to 
restrict activities of repeat offenders.

Recreational fishing in no-take areas, primarily Marine National Park (Green) Zones continues to be the most common 
offence in the Marine Park, undermining the health of the ecosystem. Each year since 2014–15, the Reef Joint Field 
Management Program has recorded more than 500 offences per year involving recreational fishing in the Marine Park. 
The number of offences has been gradually increasing with 653 reported in 2017–18. 
This increase is partly due to improved surveillance focussed on recreational fishing, but 
also reflects increased illegal activity. Recent research to understand why people fish in 
no-take zones has determined that the primary drivers of intentional illegal activity are 
fishers’ perceptions of better fishing, the beliefs they will not get caught and that others 
are doing the same.992,995 This information is being used to inform and refine compliance 
plans and strategies to target illegal recreational fishing. Notably, the vast majority of 
fishers (98 per cent) have high regard for the legitimacy of management and believe that 
illegal fishing is socially unacceptable.995

Ecosystem effects and cumulative impacts of recreational fishing are concentrated in inshore areas close to major 
population centres. Increasing numbers of recreational fishers will increase the pressure on particular species and 
locations, but these impacts are largely unquantified. 

While managers have a good understanding of the values of the Region with respect to fishing, the effect of 
ecosystem degradation on fisheries productivity is less understood. For example, the condition and trend of habitats 
that support fisheries have diminished following multiple wide-scale impacts (bleaching, cyclones). Fisheries are likely 
to experience lag effects of those impacts in the next few years (Sections 2.4.7 and 8.3.4). 

There is good understanding of commercial fisheries’ effort and harvest information. The Queensland Department of 
Agriculture and Fisheries assesses the stock status of important Queensland fish species each year. While some of 
the cumulative impacts associated with commercial fishing are known, information gaps exist, especially with respect 
to the impact of the coral bleaching events on fish stocks and the impact of fishing activities on Reef ecosystems. 
In addition, the sustainability of pearl perch, which has been classified as depleted, is of concern. There are also 
concerns about large declines in spawning aggregations and catch rates for Spanish mackerel15,16, and evidence of 
major declines in catch rates for the Queensland component of the snapper stock1353.

Management agencies engage with key fishing stakeholders to promote stewardship and influence good 
management practices. The Marine Park Authority’s Local Marine Advisory Committees are used to gauge 
community views on Reef matters and provide a conduit for managers. However, these committees generally lack 
commercial fishers as members due to their job requirements. Significant public consultation with stakeholders was 
undertaken as part of the development of the Sustainable Fisheries Strategy.892 A Sustainable Fisheries Expert Panel 
was established in July 2018 and stakeholder-based fishery working groups were formed, which include Marine Park 
Authority representatives. These working groups are effective partnerships that will achieve the outcomes required.

Actions associated with the Sustainable Fisheries Strategy, which has been in place since June 2017, are on 
track. The strategy provides a clear program of work and an opportunity to introduce best practice standards. 
It is responsible for the improved management effectiveness scores for fishing (Section 7.6). Implementation of 
the strategy and the improved compliance measures provides the opportunity for improved and effective future 
management of fisheries.

The Queensland Sustainable 
Fisheries Strategy 2017–2027 
represents a significant change 
in fisheries management
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Benefits of zoning and importance of compliance   
Since the rezoning of the Great Barrier Reef Marine Park in 2004, a growing body of research has reported 
important ecosystem benefits arising from the expansion of no-take zones.1354 As the Reef faces a range of 
pressures and impacts that threaten its health and future, no-take zoning and user compliance is more important 
than ever. However, during the 2016 and 2017 bleaching, zoning did not protect reefs from extreme temperatures 
due to climate change.141 

Reefs in no-take and no-entry zones have a greater density and biomass of fishes targeted by fishers than reefs 
in zones open to fishing.613,998,1355,1356 A wider ecosystem and fisheries benefit of this protection comes from the 
spread of targeted fish larvae out of no-take zones, and the ‘spillover’ contribution to stocks in areas open to 
fishing.618,619 Fish in no-take zones are larger and more numerous, and may make a considerable contribution 
to sustaining populations in fished areas.618,619 This spillover effect is important in educating fishers about the 
importance of compliance because it demonstrates the benefits they gain personally from no-take areas and 
encourages them to report non-compliance.

Other ecosystem benefits of no-take zones in the Reef include lower levels of coral disease (potentially as a 
result of reduced damage to coral tissue from fishing activity990) and fewer and less severe crown-of-thorns 
starfish outbreaks (potentially due to increasing densities of predators of young starfish762). Long-term monitoring 
data has indicated that reefs in no-take zones have a more stable community structure. Whether these findings 
remain following broadscale coral mortality from back-to-back bleaching events remains to be seen. However, 
research has shown that the magnitude of disturbance from impacts, such as a single coral bleaching event, 
crown-of-thorns starfish outbreaks, coral disease and cyclones, was 30 per cent lower in no-take zones, and 
reefs recovered 20 per cent faster than nearby reefs that are open to fishing.756

The differences in fish biomass between no-take zones and zones open to fishing613,998,1355,1356 suggests that 
most users comply with zoning. However, non-compliance remains a significant problem with 500–600 zoning 
offences involving recreational and commercial fishing recorded by the Marine Park Authority each year. 

Lost fishing lines have been recorded in substantial quantities in no-take zones1357 and social surveys estimated 
that three to 18 per cent of recreational fishers fished in a no-take zone during the preceding year.992,996 Illegal 
fishing in no-take zones can reduce targeted fish densities significantly1358 and is limiting the full potential of the 
ecological and fishery benefits of the Zoning Plan.

There is strong evidence for the importance and effectiveness of the Zoning Plan in maintaining ecosystem 
health and supporting the Reef’s resilience and recovery. These, and perhaps other as yet unidentified benefits, 
may be crucial to the Reef’s long-term health and survival. Minimising the impacts of illegal fishing and other 
zoning non-compliance is vital, and the recent funding and technology-related enhancements to compliance and 
enforcement capability in the Marine Park are an important and valuable investment in the future of the Reef. 

Marine Park vessel Reef Sentinel — one of the range of vessel and aircraft surveillance platforms used in the multi-agency 
compliance program for the World Heritage Area. © GBRMPA

BOX 11
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7.3.4 Ports 
In this assessment, the topic of ports encompasses all aspects of the development, operation and maintenance 
of ports, with the exception of shipping and ship movements. It includes construction and maintenance of port 
facilities and navigational equipment, dredging, dredge material disposal, movement of 
harbour support vessels and the declaration and siting of anchorages. The assessment 
is confined to those aspects of the operation and management of the 12 Reef ports 
(Section 5.7) that affect the Region’s ecosystem and heritage values.

Since 2009, the Marine Park Authority’s interest in matters relating to ports adjacent 
to the Region has been facilitated through a memorandum of understanding with the 
Queensland Ports Association. This agreement allows for a cooperative approach to 
Reef-related policy and regulatory matters relevant to Reef ports. Policy and regulatory 
matters are discussed at regular port forum meetings, which include representatives of all relevant port corporations 
as well as Australian and Queensland government environmental regulators.

Since the 2014 Outlook Report, port planning and development in the Region have been reinvigorated with significant 
reforms. The Sustainable Ports Development Act 2015 (Qld) limits the spatial extent of port development to existing 
port sites and new Marine Park regulations restrict the disposal of capital dredge material in the Marine Park. Actions 
under the Reef 2050 Plan9 related to ports have improved the management of ports and their potential impacts. 
These include developing a Maintenance Dredging Strategy for the Great Barrier Reef World Heritage Area1034, 
guidelines for long-term maintenance dredge management plans and the Queensland Ports Strategy.1041 The 
Queensland Government has also implemented the statutory port master planning process, including guidelines.

Implementation of the port master planning process is still in its infancy at the time of this management effectiveness 
review. Therefore, the full effect of this new initiative could not be observed or assessed. Nevertheless, the new 
mandatory and coordinated approach to port development in the Region is intended to ensure effective recognition 
and protection of the Reef’s outstanding universal value, which will probably be reflected in future management 
effectiveness evaluations.

In general terms, ports within the Region continue to be well managed. While ports conduct a diverse range and 
number of monitoring programs, there are gaps in the range, quality and consistency of data collected across ports 
generally. These gaps also apply to the presentation and availability of collected data, as evidenced by a review 
of the publicly accessible ports monitoring data (for example, seagrass data). Expanded monitoring and reporting 
programs focused on known risks have the potential to identify new or emerging threats to the Region. They can 
also demonstrate the absence of such threats, which may include significant deterioration in sediment quality or the 
incidence of invasive marine species.

7.3.5 Recreation (not including fishing)
Recreation is defined as an independent visit for enjoyment that is not part of a commercial tourism operation.1007 

Responsibility for managing non-extractive recreation is spread across a variety of Australian and Queensland 
government agencies. Relevant agencies (the Marine Park Authority, Queensland Parks and Wildlife Service, 
Queensland Boating and Fisheries Patrol, Maritime Safety Queensland and Queensland Water Police) continue to 
coordinate effectively to enforce the Commonwealth and Queensland Marine Park Acts, regulations, zoning plans and 
plans of management. 

These management tools are supported by a risk-based compliance and enforcement plan. Stewardship and 
education programs, such as responsible reef practices, aim to increase sustainable recreational behaviours and 
support positive stewardship activities undertaken by recreational users. The recently expanded network of public 
moorings and no-anchoring areas will help reduce impacts of recreation, such as anchor damage in heavily accessed 
areas, while providing for easier access.

The revised Whitsundays Plan of Management 1998 provides more anchorages for superyachts, increases 
water sport opportunities at already established locations and simplifies boundaries to make it easier for users to 
understand what activities are allowed where. The changes to the plan of management also considered the impacts 
of cyclone Debbie in March 2017 and the resulting pressure on popular sites.

Work undertaken on the aesthetic values of the Region reported that the cumulative use of recreational users at 
popular sites had a localised, medium risk of affecting naturalness, solitude and tranquillity.782 The condition and trend 
of recreation are discussed in the Marine Park Authority’s 2012 Recreation Management Strategy for the Great 
Barrier Reef Marine Park (Recreation Management Strategy)1007, but information about impacts of recreation on the 
condition and trend of values as a whole is still lacking. Relevant key risks identified in the risk-based compliance and 
enforcement plan include vessels approaching whales, disposal of garbage, island national park offences, misuse of 
public moorings and offence under the plans of management offences (for example, motorised water sports outside 
designated areas, anchoring in no-anchoring areas or exceeding vessel speed limits).

New legislation and 
management processes are 
coordinating holistic planning 
for future port developments
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Limited Marine Park Authority resources have been directly allocated to managing recreation since the development 
of the Recreation Management Strategy in 2012.1007 Recreational use is seen as a low risk to the Region, which is 
supported by the IUCN Outlook report for the Reef.1359 The lack of an implementation plan or review of the Recreation 
Management Strategy since it was released reflects the low risk recreation has on Reef values. However, to make 
sure the Recreation Management Strategy remains fit for purpose in the face of increasing cumulative impacts, a 
review of the risk assessment within the strategy would strengthen its effectiveness as a planning tool.

Stakeholder engagement with recreational users remains strong. Marine Park Authority and Queensland Parks and 
Wildlife Service staff across the Region continue to interact with recreational users, particularly through Local Marine 
Advisory Committees, public engagement and via the Reef Guardian program, which includes schools, councils and 
fishers. However, the diversity and informality inherent in recreational use continues to make it difficult to engage with 
most users, and document their values and activities spatially.

7.3.6 Research activities
This evaluation of the effectiveness of management in relation to research activities primarily concentrates on the 
direct management of research activities in the Region. Management agency interactions with research providers and 
alignment of research into management is also considered, but to a lesser extent. 

The Reef is known internationally as a premier site in which to conduct scientific studies. 
The majority of research occurs at the four major research stations at Lizard, Orpheus, 
One Tree and Heron islands. A wide range of low-intensity research is conducted at other 
locations.

Researchers who undertake research in the Region, such as the collection of 
specimens and installation of research equipment, require permits and licences from 
managing agencies. The Marine Park Authority, Queensland Parks and Wildlife Service 

and Queensland Department of Agriculture and Fisheries have lead roles in managing research activities. Joint 
accreditation of research institutions by the Marine Park Authority and Queensland Parks and Wildlife Service also 
enables low-risk research to occur in particular locations without the need for specific permits. These mechanisms 
are underpinned by zoning plans, legislation and policy. The Marine Park Authority’s policy on Managing research 
in the Great Barrier Reef Marine Park1360 and the Marine Park regulations were updated in late 2017 to increase 
consistency and transparency in decision-making and make it easier for researchers to understand permit application 
requirements.

Researchers are generally required to spread collections across species and locations to reduce impacts. Research 
station directors help with monitoring and managing the activities of researchers who use those facilities. Research 
is not considered to have a large or detrimental impact on the Reef ecosystem. However, limited knowledge is 
readily available on the cumulative collection of samples by researchers. It had been intended that environmental 
management plans and improved electronic systems would address this. However, since the 2009 Outlook Report, 
the implementation of environmental management plans adjacent to research stations has continued to be slow and 
auditing of research permit compliance remains limited. The online submission of research permits and collection 
reports has been possible since mid-2018. This is expected to help address this weakness and improve permit 
processing timeframes.

Research is key to assessing and advising on the condition and trend of the values and threats arising from broader 
environmental and anthropogenic stressors. Numerous science strategies, research partnerships and funding 
streams are in place to support and influence research priorities so that outcomes can be applied to management 
of the Region. For example, the Marine Park Authority’s Science Strategy and Information Needs 2014–20196 
identifies key research priorities to better inform management of the Reef. Promoting and applying research to 
understand and address the larger environmental stressors from both a biophysical and socio-economic perspective 
is a key role for management agencies. The role needs to be maintained and strengthened, particularly in relation 
to understanding impacts from climate change stressors, reef intervention and restoration activities, and liaison with 
Traditional Owners about research undertaken on their country.

The flow-on effects to the ecosystem from multiple disturbances are only just beginning to be quantified. The 
shortening of recovery periods between disturbances is leading managing agencies, researchers and the community 
to consider, facilitate and deploy more hands-on intervention and restoration activities, some of which are in their 
infancy on the Reef. A major research effort is now underway (including the Reef Restoration and Adaptation 
Program) to potentially increase the local abundance of corals.

Inclusion of Traditional Owners in research within their sea country is limited and research results are often not 
disseminated to Traditional Owners. However, examples of collaboration are increasing. These include: a protocol 
between the Wuthathi Aboriginal Corporation and Queensland Parks and Wildlife Service to manage permits for 
research in the Shelburne Bay area in Cape York; new guidelines for Woppaburra Traditional Owner Heritage 
Assessments in the Keppel islands region; and involvement of Traditional Owners in the development and 
implementation of research, monitoring and beach restoration at Raine Island.

Reef managers aim to 
minimise impacts of research 
activities through a risk-based 
permits process
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Multiple managing agencies continue to have representation on major committees relating to research on the Reef. 
Many of these are coordinated through the overarching Reef 2050 Plan. However, a number of researchers noted 
decreased engagement from the Marine Park Authority’s staff on research priorities, which they attributed to a loss of 
key staff members at the authority over the past few years. The reduced engagement may also be a consequence of 
diversified sources of funding for research in the Region, with significant research funds being managed through the 
Commonwealth Department of the Environment and Energy.

7.3.7 Shipping
In this assessment, the topic of shipping encompasses the movement and operation of ships (greater than 50 metres 
in length), including ships travelling to, from and between ports in the Region and those transiting through the Region. 
It also includes ship loading and unloading, ship anchoring and the activities and impacts of ships while at anchor (for 
example, illegal discharge of ballast water or effluent).

Agencies with responsibility for managing shipping and shipping safety in the Region 
(Australian Maritime Safety Authority, Maritime Safety Queensland and, to a lesser extent, 
the Marine Park Authority) are considered to be generally well equipped to undertake 
the required tasks. They have effective methods and procedures for planning and 
implementing appropriate measures to manage shipping activity.

Shipping safety in the Region is well regulated and effectively managed through an 
extensive suite of control, risk-reduction and risk-response measures. While shipping incidents, such as loss 
of propulsion and navigation, and errors, inevitably occur at times, the rate of such incidents and the potential 
consequences are attenuated to a significant extent by improvements in technology. These include advancing ship 
design and marine environment protection and safety requirements (for example, protected fuel tanks and electronic 
aids to navigation), other controls (for example, the vessel tracking system REEFVTS and designated shipping areas) 
and enforcement and compliance mechanisms (for example, port state control inspections and ship vetting). Since 
2012, the coordinated management of shipping has improved markedly through the development and progressive 
implementation of the 2014 North-East Shipping Management Plan.1361 Actions have included more marine 
surveyors at ports to ensure effective inspection of ships and upgraded emergency towage capacity in the Region. 
The plan also identified emergent risks, improved multi-agency coordination, and refined existing management 
practices. It is enhanced by the parallel implementation of elements of the Reef 2050 Plan related to shipping.

It is critical that control and emergency response arrangements anticipate and respond to changes in shipping activity 
levels and risk profiles. Planning and processes could be strengthened by improved policies and procedures for 
restoring and rehabilitating damaged areas following groundings, and improved control, surveillance and monitoring 
for introduced marine species, particularly in relation to ship biofouling.

In general, single, catastrophic events have been planned for, but chronic, low-level effects have not been adequately 
considered. There is also particular concern about the cumulative effects of aspects of shipping, such as leaching 
and loss of biocidal antifouling paints, wake and turbulence effects, animal strikes, and altered light and underwater 
noise regimes. Aesthetic issues related to shipping in remote areas are less understood than in designated port and 
anchorage areas. While there has been some progress on the study and management of these issues in recent 
years, further work is required.

7.3.8 Traditional use of marine resources
The program to develop and implement statutory agreements to sustainably manage traditional use of marine 
resources remains one of the success stories in management of the Region.1362 Under the Native Title Act 1993 
(Cth), Aboriginal and Torres Strait Islander peoples from more than 70 Traditional 
Owner groups along the Reef have rights in relation to the harvest and use of marine 
resources for traditional uses within their land and sea country. Managers have a 
good understanding of Commonwealth and state legislation, as well as national 
and international obligations in relation to biodiversity conservation and the rights of 
Indigenous peoples.

At a formal, administrative level, traditional use of marine resources in the Region is 
primarily managed through Traditional Use of Marine Resources Agreements — formal 
agreements developed by Traditional Owner groups that are jointly assessed and accredited by the Marine Park 
Authority and Queensland Government. These agreements promote sustainable use of species, such as dugongs 
and green turtles. They also incorporate monitoring and management of other species and ecosystems, such as 
seagrasses, oyster beds and shellfish. Aspiration statements, clear objectives and implementation plans are part of 
each Traditional Use of Marine Resources Agreement. In 2018, nine Traditional Use of Marine Resources Agreements 
and one Indigenous Land Use Agreement were in place. This is an increase of two agreements since 2014. 

Shipping is generally well 
regulated and managed within 
the Region

Traditional Use of Marine 
Resources Agreements remain 
one of the management 
success stories of the Region
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Combined, these agreements cover approximately 25 per cent of the Great Barrier Reef coastline. It is noted that 
expansion of Traditional Use of Marine Resources Agreements will take time.

While securing Traditional Use of Marine Resources Agreements over the remaining areas of the Region is important, 
the process cannot be rushed. Appropriate inputs will enable relationships between Traditional Owners and managing 
agencies to be maintained and strengthened. Sustainable funding announced in 2018 for the Traditional Use of 
Marine Resources Agreements program, mean that appropriate levels of engagement should be possible with 
existing Traditional Use of Marine Resources Agreements.

Traditional Use of Marine Resources Agreements also provide mechanisms and support for many other activities 
conducted by Traditional Owner groups, including monitoring, education, community activities and compliance 
activities within their land and sea country. Since 2014, investment in Indigenous ranger programs has improved 
partnership and compliance outcomes for the Region’s values. For example, compliance training was delivered to 
more than 500 Traditional Owners over 2016–17, strengthening enforcement of Traditional Use of Marine Resources 
Agreements and increasing Marine Park compliance generally. Social, economic and health outcomes have not been 
formally assessed, but are likely to also be substantial, as are outcomes from the Indigenous ranger program.1363

It is clear that impacts from a range of pressures (such as climate change, other users, depletion of megafauna 
and severe weather) have affected Traditional Owners’ use of the marine environment and their ability to continue 
important cultural practices. For traditional use of marine resources, the management effectiveness grade for context 
has declined from effective to mostly effective (Table 7.4 in Section 7.6). This decrease is due to the challenges of 
understanding threats, impacts and current status of the relevant values in times of rapid change, especially due 
to the impacts of cyclones and climate change (for example, coral bleaching). The cumulative impacts of all other 
threats, and the ability of species of cultural significance to recover, are not well understood.

The effectiveness of engaging broader stakeholders and local communities is highly variable. In 2015–16, some 
issues occurred in multiple-use areas where the activities of tourism operators and visitors conflicted with Traditional 
Owner use of marine resources. Some of these tensions were relieved by the Gunggandji Traditional Use of Marine 
Resources Agreement signed in June 2016.

Managing external factors 

7.3.9 Climate change
The Paris Agreement under the United Nations Framework Convention on Climate Change provides the international 
framework for actions to mitigate climate change. Nationally determined contributions, which set out countries’ 
actions to limit climate change to well below two degrees Celsius, are not yet sufficient to achieve this goal.1364 The 
effectiveness of global actions to mitigate climate change will be the primary determinant of further climate impacts 
on the Reef. 

The Reef 2050 Plan aims to address key threats and boost the health and resilience of the Reef so that it can better 
cope with the impacts of climate change. Primary responsibility for national responses to climate change rests with 
the Commonwealth Department of the Environment and Energy. In 2015, the Reef 2050 Plan did not set out to 
directly address the threat of climate change through its objectives, targets and actions. In mid-2017, the Great 

Barrier Reef Ministerial Forum brought forward the plan’s mid-term review in recognition 
of the impacts of coral bleaching and future climate projections. The resulting updated 
Reef 2050 Plan (2018) focuses on additional actions within the Region to address 
climate change impacts, such as, implementing the Great Barrier Reef Blueprint for 
Resilience.24 A broader review of targets and objectives will be undertaken in 2020 
following release of this 2019 Outlook Report.

Climate policy and mitigation and adaptation programs remain in a state of flux at the 
national level as made clear in the report of the 2017 Senate inquiry on impacts of 
climate change on marine fisheries and biodiversity.1365 Policy dissonance exists within 

government and society whereby conflicting policies relating to environmental protection and development sit side by 
side. Many of these conflicts cannot be directly addressed by most Reef 2050 partners as they lie outside the direct 
management role of agencies limited by statute.

At the time of the 2014 Outlook Report, the Queensland Government’s focus and action on climate change 
had diminished with the disbanding of their Office of Climate Change. Also, significant reductions in staffing and 
expertise relevant to climate change occurred within the Australian and Queensland governments. Since then, the 
Queensland Government has released the Queensland Climate Change Response, comprising the Queensland 
Climate Transition Strategy1366, with a zero net emission target by 2050, and the Queensland Climate Adaptation 
Strategy1367. Climate change programs and staffing have been rebuilt. These include specific sectoral strategies and 
programs for local governments, such as QCoast 2100, which supports local governments to prepare coastal hazard 

Widespread coral bleaching 
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adaptation measures. Under the Queensland Climate Adaptation Strategy are eight sector adaptation plans. The 
Biodiversity and Ecosystems Climate Adaptation Plan1368 aims to minimise the negative impacts of climate change 
on Queensland biodiversity and ecosystems through collaboration, planning and on-ground action.1368 However, 
governments at all levels continue to exhibit considerable policy dissonance in the strategies they are pursuing for 
climate change response and economic development.1369

With respect to its management activity in the Region, the Marine Park Authority advises other agencies about 
mitigation of, and adaptation to, climate change and extreme weather. It also undertakes activities to build the 
resilience of the Region’s ecosystems (for example on Raine Island) (Section 2.4.10). While the Marine Park Authority 
has no jurisdictional responsibility for addressing climate change in the broad sense, it has contributed significantly 
to developing international best practice for managing responses to climate change and cyclones as they relate 
to Reef ecosystems. This contribution has been achieved through research, monitoring and partnerships with 
research institutions, government agencies and stakeholder groups as well as education, community awareness 
and stakeholder engagement programs. Assessing the effectiveness of the Marine Park Authority and other Reef 
management agencies in addressing this issue is challenging, as so much depends on the actions of others. This is 
especially so in regard to the effectiveness of mitigation measures taken at national and international levels and the 
mitigation and adaptation measures undertaken in adjacent coastal areas by local governments and others.

Alongside other research institutions, the Marine Park Authority plays a key role in facilitating awareness of the 
impacts from climate change and cyclones on the Region. The Outlook Report continues to emphasise that climate 
change is the principal long-term threat to the condition of the ecosystem. The Marine Park Authority prepared 
a vulnerability assessment for the Reef in relation to climate change in 2007 and a strategic plan to address 
climate change in 2009. The Climate Change Strategy and Action Plan 2012–20171370 (Climate Change Action 
Plan) acknowledged the important role the Marine Park Authority plays in informing 
national and international climate policy and providing knowledge to support effective 
management of inshore areas. However, implementation of the Climate Change Action 
Plan was defunded early in its life, and many actions in that plan remain unaddressed 
or only partially implemented. A number of the actions have been incorporated into 
annual operational plans or are now included in the sectoral adaptation programs being 
developed by the Queensland Government. Changes in staffing and organisational 
structures within the Marine Park Authority have lowered its prominence in addressing 
climate change. The Marine Park Authority no longer has an identifiable unit focused on 
climate change responses, although a number of staff across the Marine Park Authority have responsibility for climate 
policy and responses. In early 2019, the Marine Park Authority released a draft position statement on climate change 
for targeted consultation. While not completed before the finalisation of the independent reviewers’ management 
effectiveness assessment, its finalisation will provide a clear position on this critical threat.

Work continues on identifying the gaps in available biophysical information. This job has been made larger and 
more important by bleaching events and the decline in our knowledge of the condition of Reef biota. The Reef 2050 
Integrated Monitoring and Reporting Program (RIMReP), when operational, will help to provide critical knowledge 
within a structured framework. The need to clarify socio-economic implications is being addressed in collaboration 
with the CSIRO through the Social and Economic Long-Term Monitoring Program, established with National 
Environmental Research Program Funding in 2011, and the National Environmental Science Program in 2015.

Critical elements of current condition and trend are being monitored by researchers and managers, but knowledge 
in this area has declined since the bleaching events. Work is also underway with Traditional Owners to apply 
available traditional knowledge to consider climate change implications, through Traditional Use of Marine Resources 
Agreements and Sea Country forums.

Community engagement relating to climate change continues through initiatives, such as Eye on the Reef and the 
Reef Guardian program, which includes schools, councils and fishers. A reef health incident response framework was 
developed in 2011, in consultation with stakeholders, and continues to be updated as needed.

The Marine Park Authority is just one voice in what is an increasingly crowded policy and management space, with 
strategies being developed at national, state and local levels. However, the defunded Climate Change Action Plan1370 
represented a significant withdrawal of the Marine Park Authority from a very visible role in planning for, and leading, 
work on addressing climate change relating to the Region. To some extent, this has shifted its role from being a 
‘consequence maker’ advocating for effective climate mitigation to being a ‘consequence taker’ responding to 
climate change impacts with actions to improve Reef resilience as part of an adaptation strategy. 

Documents based on the latest scientific research, such as the revised Reef 2050 Plan9 and Great Barrier Reef 
Blueprint for Resilience (Reef Blueprint)24 make it clearer that restricting the global temperature increase to 1.5 
degrees Celsius or lower is critical to the Reef remaining a functioning ecosystem. The Reef Blueprint, released in 
late 2017 (Box 12), may mark a resurgence of a more active role by managing agencies in this space, with a focus 
on building a ‘resilience network’ of areas within the Region that have the best chance of supporting system-wide 
resilience and recovery following disturbances. The proposed activities within the Region, such as dramatically 
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enhancing compliance, accelerating actions to address climate change, expanding crown-of-thorns starfish control, 
protecting key species and locations, and actively restoring local areas, are all desirable, ‘no-regrets’ actions. 
However, the success of the Reef Blueprint will depend on the extent to which they are able to achieve broader 
objectives of fostering change at a wider policy, societal and geographic level.

Blueprint for resilience    
In May 2017, with the Reef facing unprecedented 
pressures, the Marine Park Authority convened 
regional, national and international Reef experts 
for the first ever Reef Summit. Working with the 
goal of improving the capacity of corals to resist 
and recover from climate-related impacts, the 
summit released the Reef Blueprint.24

The Reef Blueprint signals a change in the focus 
of future management of the Reef. It identifies 
the 10 most promising initiatives to guide future 
actions and solutions that can be pursued with 
partners, developed quickly and applied to large 
areas (Figure 7.3).

The Reef Blueprint has already contributed to 
securing unprecedented levels of funding to 
develop and implement innovative and timely 
strategies.1371 It has also helped galvanise 
collaboration and resilience-building efforts 
across the Reef community. The on-water and 
immediate efforts underway include enhancing 
compliance, crown-of-thorns starfish control, and 
identifying and protecting a network of resilient 
coral reef sites.

Figure 7.3 Great Barrier Reef Blueprint for Resilience initiatives 
Source: GBRMPA 201724 

7.3.10 Coastal development
Coastal development includes management of activities undertaken within the Catchment that affect the Region. 
Although part of this broad topic, the management of ports in, and adjacent to, the Region has been considered 

separately in Section 7.3.4. Similarly, the management of land-based run-off is considered 
in Section 7.3.11.

The Planning Act 2016 (Qld) (the Planning Act) and associated legislation, preserve 
ecological sustainability as a core principle of planning in Queensland. The planning 
reform that led to this new Planning Act reinstated coastal land surrender provisions 
under the Coastal Protection and Management Act 1995 (Qld) to make sure areas at 
high risk of coastal erosion remain free from development. 

The 2014 Queensland State Planning Policy1372 introduced a coordinated approach to all state interests. The state 
development assessment provisions were introduced in 2013 to guide Queensland’s assessment of development 
applications that were likely to affect state interests. These documents were reviewed in 20171373 in association with 
the introduction of the Planning Act. In early 2018, the coastal protection state interest of the State Planning Policy 
was integrated into the planning schemes of 12 of the 22 coastal local governments in the Catchment.

Planning systems to effectively 
address coastal development 
have evolved and improved 
over the past five years

BOX 12
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As part of the planning reform since 2014, the Queensland 
Government introduced new erosion prone areas in coastal hazard 
maps. Planning scheme reviews have rezoned some privately 
owned land in the erosion prone area to ‘limited development 
zone’. This means undeveloped rural and natural areas within the 
Catchment now have restricted development potential.

Development regulations (largely focused on urban areas) 
regarding coastal development, water quality and protection 
of wetlands have improved as local governments progressively 
update their planning schemes. The Wetlands in the Great Barrier 
Reef Catchments Management Strategy 2016–211374 outlines 
an integrated approach to catchment and coastal environment 
management. The strategy considers the multiple values of 
wetlands and the role they play in the ecosystem health of the 
Region. It provides a whole-of-system framework for Catchment 
management and the protection, maintenance and restoration of wetland systems. Implementing regional water 
quality improvement plans (such as the Wet Tropics Water Quality Improvement Plan 2015–2020) also improves 
ecosystem function.1375 Earthworks above a specified scale in wetlands (including earthworks for agricultural activities) 
were regulated in 2014, and a reduction in the rate of loss of these wetlands in the Catchment has been observed.43 
Pressure from mining-associated coastal development appears to be less than in previous years following a downturn 
in the mining sector.

While a 45 per cent increase in the rate of clearing of woody vegetation occurred in the Catchment between 2014–15 
and 2015–16, the rate of clearing from 2016–17 (166,000 hectares) to 2017–18 (148,000 hectares) decreased.704 
Legislation to reinstate stricter tree clearing was passed by the Queensland Government in 2018. While it is still 
too early to measure outcomes, this legislative planning tool is expected to reduce the future clearing rate, and the 
associated increase in adverse impacts on coastal ecosystems.

Legacy issues remain in coastal areas, such as retaining dams that hold significant volumes of toxic water that can 
leach into the Region. The financial collapse of the Yabulu nickel refinery in Townsville in 2016 highlighted a limitation 
of the Queensland Government’s power to enforce environmentally relevant activity conditions on operators. This 
issue has recently been addressed by the Environmental Protection (Chain of Responsibility) Amendment Act 
2016 (Qld) that allows the state to enforce environmental and rehabilitation obligations against ‘related persons’ of 
companies in financial difficulty.

Stakeholder engagement on coastal ecosystem management continues to play an important role in protecting the 
Region’s values. Coastal ecosystems management is a focus of coastal Reef Guardian councils and schools and is 
regularly discussed at Local Marine Advisory Committees and Reef Advisory Committees. 

For coastal development, the management effectiveness grades for planning, inputs, processes and outputs have 
improved to a rating of mostly effective (Table 7.4 in Section 7.6). This is a positive sign that the major issues are 
starting to be addressed. However, the impact of these improvements on the attainment of desired outcomes for 
coastal development has yet to be demonstrated. The long-term future condition and trend for inshore and coastal 
ecosystems are very poor if strong cooperative management action is not taken to halt and reverse their decline. The 
impact of inappropriate coastal development has been highlighted in the Reef 2050 Plan9 and the 2017 Scientific 
Consensus Statement.43,462

7.3.11 Land-based run-off
Land-based run-off has been recognised as having a significant impact on the values of the Region.2,462,941,1376 
The Queensland Government regulates land-based run-off from industrial, municipal and agricultural sources in 
the Catchment under the Environmental Protection Act 1994 (Qld), and the current 
government is committed to broadening Reef protection regulations to reduce nutrients 
and sediment pollution. 

Planning approaches to address land-based run-off continue to improve. The Reef 2050 
Plan includes actions to protect the values, health and resilience of the Region while 
allowing for ecologically sustainable use. The Reef 2050 Water Quality Improvement 
Plan 2017–2022 (Reef 2050 WQIP, previously the Reef Plan)527 directly aligns with, and 
is nested within, the Reef 2050 Plan. Since 2014, an understanding of how poor water 
quality is perceived by, and affects, Reef users has improved. Restrictions on vegetation clearing in the Catchment 
were reintroduced after 2018 and restrictions on riparian clearing in the Catchment were expanded to the Fitzroy, 
Burnett–Mary and Cape York NRM regions. Healthy waters management plans are additional legislative tools under 
the Environmental Protection (Water) Policy 2009 (Qld). These plans identify management goals and water quality 
objectives to protect specific environmental values of waterways.

An unavoidable lag occurs 
between actions on the 
ground and better Reef 
water quality

Reprofiling of Raine Island turtle nesting beach. © GBRMPA
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The Paddock to Reef Integrated Monitoring, Modelling and Reporting Program (Paddock to Reef program) and the 
associated Reef Report Card process have continually improved to provide a succinct snapshot of improvements 
and changes in land management practices and pollutant loads across the Catchment. Nutrients, fine sediments 
and pesticides are the primary pollutants that pose an ongoing risk to the Reef coastal and marine ecosystems. 
Significant progress has been made in understanding these pollutants, their delivery from the Catchment and the 
benefit of improved land management practices on water quality entering the Region.462 The annual Reef report cards 
have confirmed the estimated average pollutant loads in land-based run-off have declined since 2014. However, 
progress from the adoption of improved land management practices continues to be slow. Significant time lags are 
expected between improved land management practices and condition of the Reef.

Measurable targets, improved accountability and coordinated monitoring, evaluation and reporting are clearly 
articulated in the Reef 2050 WQIP. The plan includes a diverse set of actions and builds on almost 15 years of 
effort by governments at all levels, working in partnership with landholders, natural resource managers, industry, 
researchers and conservation groups. It addresses agricultural land-based sources of water pollution, and added 
urban, industrial and public lands in 2018. The Reef 2050 
WQIP also recognises the importance of people in creating 
change and includes social, cultural and economic values. 
The plan sets targets for improving water quality for 35 major 
river basins flowing to the Reef, for the six NRM regions 
and the whole Reef. This is an increased level of specificity 
compared to previous targets. The planning process used 
sophisticated modelling and other scientific information to 
make sure the targets are based on what is needed for a 
healthy Reef.

The Reef 2050 Plan Investment Framework10 identified 
the investment needed to reduce land-based run-off 
through improved land management practices, as well as 
the research and monitoring programs needed to assess 
effectiveness of the investments. This framework has resulted 
in significant increases in financial inputs over the past five 
years. Planning has expanded and continues to be effective. 
The processes and outputs of the Reef 2050 WQIP continue to improve. However, the 2017 Scientific Consensus 
Statement highlighted that poor water quality is continuing to degrade Reef health.1223 On-ground delivery programs 
are undertaking landscape restoration and habitat repair in areas that pose the greatest risk to the Reef. Change will 
remain slow while improvements to agricultural land management practices remains voluntary, and the significant 
time-lag between actions on the ground and better water quality results will be exacerbated. It should be noted that, 
in February 2019, a bill was introduced into Queensland Parliament to strengthen existing Reef protection regulations.

Managing to protect the Region’s values 

7.3.12 Biodiversity values
Protection of biodiversity values in the Region is one of the primary objectives for management. The focus on 
biodiversity was heightened following international attention on the World Heritage Area by UNESCO and the 
subsequent Strategic Assessments. The outcomes from these assessments strengthened research collaborations 
and increased understanding of threats to the system, and the state of biodiversity in the Region.

The cumulative and consequential impacts across the Region of back-to-back coral bleaching events in 2016–17, 
the 10 severe cyclones that have crossed the Region since 2006, and the impacts of crown-of-thorns starfish, 
have dramatically changed the situation in relation to management of biodiversity in the Region. Reef surveys have 

documented the extent of damage, recovery and mortality.440  

However, the resulting flow-on effects of coral loss to the broader ecosystem and species 
are only just beginning to be quantified. Management agencies are now in a space of 
knowledge uncertainty as research and monitoring strive to keep pace with a rapidly 
changing system. Although progress has been slow, once implemented, the  
Reef 2050 Integrated Monitoring and Reporting Program (Section 10.3 Box 16) will 
consolidate monitoring information and make it more readily available to address this 
knowledge deficiency.1377,1378

At a Region-wide scale, the amalgamated Zoning Plan, which came into effect in 2004 and is reflected in the 
adjacent Queensland Great Barrier Reef Coast Marine Park, is the most significant planning tool to enhance 
biodiversity protection. To be effective, zoning provisions need to be enforced. Enforcement has significantly 
improved over recent years with improved compliance monitoring technology, the planned expansion of remote 

The rate at which the  
system is changing  
following disturbances  
makes biodiversity  
protection a challenge

Coastal ecosystems can benefit from revegetation; these 
local students are from Mission Beach State School. 
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vessel tracking across the commercial fishing fleet, and better targeting of compliance actions based on risk that 
gives priority to impacts on protected species. Zoning has provided a robust framework for Reef-wide management 
and is demonstrating positive results.613,998,1355,1356 However, the zoning provisions only address biodiversity protection 
at a broad level. Some threats, such as crown-of-thorns starfish outbreaks, are addressed at a local level by other 
measures (Box 13), but major threats to biodiversity, such as climate change, coastal development and land-based 
run-off, cannot be addressed directly by either the zoning provisions or individual biodiversity protection measures.

The Great Barrier Reef Biodiversity Conservation Strategy (Biodiversity Conservation Strategy)1379, developed in 
2013, has been superseded by the Reef 2050 Plan, which includes a specific theme on biodiversity including targets 
and outcomes to improve and reduce the pressures. In addition, the Reef Blueprint24, recommends approaches for 
better reef management into the future. It emphasises adapting to climate change and promoting actions through a 
resilience network of areas, to supporting resilience and recovery following disturbances. Although the Reef Blueprint 
is still in its infancy, some stakeholders question the validity of its approach, especially given the widespread extent 

Crown-of-thorns starfish control program     
The goal of the Marine Park Authority’s crown-of-thorns starfish control program is to protect coral from starfish 
predation on high-value reefs in the Marine Park. This is achieved by culling starfish to bring their numbers down 
to ecologically sustainable levels for coral growth and recovery.

The management objectives of the control program progress through different stages (prevention, suppression, 
containment and protection) as the dynamics of the outbreak progress over time (Figure 7.4). In 2018, the 
secondary outbreaks that began in 2010 were well underway, and the control program continued to focus on 
the protection of coral at high-value sites in the Marine Park. Recent research has shown the crown-of-thorns 
starfish control program to be effective in reducing starfish numbers and improving hard coral cover at sites 
where culling is regularly carried out.758,1380 

Figure 7.4 Crown-of-thorns starfish (COTS) outbreak cycle and the associated stages of management action
Outbreak management actions for the current outbreak are in the phase 3 protect stage, with the outbreak likely to approach 
termination in the next few years. Source: GBRMPA (unpublished)1381 

BOX 13
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Culling vessel operations are guided by science and scouting surveys undertaken by cull vessels and the Reef 
Joint Field Management Program. Outcomes are measured by comparing coral cover and starfish densities at 
high-value target reefs before culling begins, and then monitoring over time to ensure culling efforts do not cease 
until starfish densities fall below a threshold needed to support coral recovery. 

John Brewer Reef, one of the high value sites prioritised for culling, located 70 kilometres offshore from 
Townsville, is an important reef for recreational fishing and diving. During the first survey in November 2018, the 
reef was experiencing a severe outbreak with an average of 3.5 starfish counted per survey (Figure 7.5). Intensive 
culling operations at this reef began following the initial survey, and over several months a team of trained divers 
culled more than 20,000 starfish to bring starfish numbers down to levels that minimise their impact on corals. 
In March 2019, another round of surveys revealed that culling had reduced the severity of the outbreak, with an 
average of 0.35 starfish counted per survey (Figure 7.5). Hard coral cover was maintained at an average of 31–42 
per cent throughout intensive culling operations. This high-value reef will continue to be visited by the control 
program vessels to further reduce starfish numbers and protect coral.

Figure 7.5 Survey data showing progress in COTS control at John Brewer Reef
Each dot represents a two-minute manta tow survey. Green dots indicate surveys where no crown-of-thorns starfish were 
counted, and red dots indicate they were observed. Left: Initial surveys undertaken November 2018 around the perimeter  
of John Brewer Reef indicate the reef was in severe outbreak mode, with an average of 3.5 crown-of-thorns starfish per  
survey. Right: Surveys, repeated in March 2019 during intensive culling, indicated that the reef had shifted from severe 
outbreak to established outbreak status, with an average of 0.35 crown-of-thorns starfish per survey. Source: GBRMPA Eye on the 
Reef (unpublished)735 

of coral bleaching across the Region, and the limited dispersal capacity of coral larvae. Others assert it would be a 
mistake not to pursue this approach and related initiatives, such as the Reef Restoration and Adaptation Program.

Various initiatives have considerably improved the availability and accessibility of relevant Traditional Owner 
knowledge to managers. Examples include the Indigenous ranger programs and strengthened communications 
between managers and Indigenous people through the Land and Sea Country Partnership Program.

Major risks and threats to biodiversity protection are well documented and risk assessment and management 
procedures are in place. Vulnerability assessments specify risks to biodiversity values and recommend mitigation 
measures. However, the rate at which the system is changing following disturbances makes biodiversity protection a 
challenge. Managers have little capacity to track the biodiversity outputs and outcomes resulting from management 
actions in this area.
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7.3.13 Heritage values
In this assessment, the topic of heritage encompasses Indigenous, historic and other heritage values (aesthetic, 
social and scientific) as set out in Chapter 4. Commonwealth heritage values as well as the Region’s world and 
national heritage value (not including natural heritage values) are also included in the assessment. The effectiveness 
of measures to protect and manage natural heritage values (an element of world heritage) is 
considered in the assessment of management to protect biodiversity value (Section 7.3.12) 
and further set out in Chapters 2 and 3.

Recognition of the Region’s heritage value has improved over the last four years, 
especially in relation to Indigenous heritage values. The 2015 Great Barrier Reef 
Intergovernmental Agreement includes a commitment to ‘ensure that Indigenous 
traditional cultural practices continue to be recognised in the conservation and 
management of the Great Barrier Reef’.938

The Reef 2050 Plan includes a dedicated heritage theme with associated targets, objectives and actions. This has 
stimulated further heritage planning and increased engagement of Traditional Owners in protection and management 
of the Reef. The 2019 Aboriginal and Torres Strait Islander Heritage Strategy for the Great Barrier Reef Marine 
Park803 sets out outcomes, objectives and actions for gaining more information and protecting and managing the 
Region’s Indigenous heritage value. There was extensive engagement with more than 20 Traditional Owner groups 
during its development phase, as well as a program of public consultation.

There is concern that some places of special cultural importance, as well as Indigenous structures, technology, tools 
and archaeology, have not been systematically identified, and some are deteriorating. Knowledge of Indigenous 
heritage is held by the Traditional Owners, who decide what knowledge should be shared. In some places, initiatives, 
such as the Traditional Use of Marine Resources Agreements and Indigenous Land and Sea Ranger programs are 
helping more Traditional Owners access their sea country and pass on knowledge from 
Elders to younger people. A good example of Traditional Owner-approved knowledge 
gathering, storage and application is demonstrated by the Woppaburra Guidelines. 
The guidelines, adopted in July 2017, map important Indigenous heritage values in the 
Keppel islands region, which informs permit assessments. Traditional Owners can also 
use the values mapping for other purposes.

Planning for Indigenous heritage in the Region is very complex, involving an array of 
broad and site-specific plans for marine environments and islands. Plans are improving 
in their recognition of the central role and rights of Indigenous people, but often actions 
are not specific and lack deadlines. As with other matters, separating heritage plans for 
state-owned islands and coastal areas from the adjacent reefs makes little sense to Traditional Owners or the public, 
especially within the World Heritage Area. Traditional Owners have proposed that more Sea Plans or Land and Sea 
Plans covering traditional sea country should be produced to specifically focus on Indigenous matters across tenures 
or ownership.1369

Reef Joint Field Management Program annual business plans now recognise Indigenous engagement as a 
standalone high-level strategy with specific targets, performance indicators and activities that promote Indigenous 
partnerships in heritage management. The program focuses on the implementation and field delivery of agreements, 
and mentoring, training and empowering Land and Sea Rangers and Indigenous Compliance Officers. It is 
responsible for protecting both Indigenous and historic 
heritage values, including story places and other locations of 
ceremonial and spiritual significance, on island national parks 
and Commonwealth islands. Protection is typically achieved 
through education or by enforcing compliance with legislation. 
If active maintenance or restoration works are necessary, they 
are undertaken in partnership with Aboriginal and Torres Strait 
Islander people.

Involvement of Traditional Owners in field management has 
increased and is yielding benefits in terms of cross-cultural 
awareness, as well as being of benefit to conservation. 
However, there is still more work to do. In recent years, 
Traditional Owners have expressed concern that they are not 
yet fully recognised as partners in management and that some 
cultural sites are deteriorating.

Knowledge of the Region’s historic heritage remains patchy. 
The five Commonwealth listed heritage places and six priority 
shipwrecks are thoroughly understood, but less is known of the 
remaining shipwrecks and aircraft wrecks in the Region. It is 

Recognition of the  
heritage values of the  
Region has improved over  
the last four years

Traditional Owner groups  
have expressed concern 
that they are not yet fully 
recognised as partners in 
management and that some 
cultural sites are deteriorating

Dent Island lightstation is on the Commonwealth Heritage List; it 
includes a lighthouse (foreground), accommodation (background) 
and other structures. © GBRMPA 2018
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not clear to what extent historical knowledge, such as of the history of conservation and science in the Region, has 
been documented. The Marine Park Authority has developed a heritage register that will capture all values for each 
of the Commonwealth Heritage–listed places within the Marine Park. The Australian National Shipwreck Database, 
established under the Historic Shipwrecks Act 1976 (Cth), documents known historic shipwrecks, aircraft and 
maritime heritage sites in Australian waters. The Marine Park Authority’s historic heritage guidelines consider three 
components of the Region: World War II features and sites; historic voyages and shipwrecks; and other places of 
historic significance.

Since 2015, legislative changes to the Marine Park regulations have increased the ability to protect underwater 
archaeological sites. Since that time, two Catalina aeroplane wrecks dating from World War II have been protected 
under a Maritime Cultural Heritage Protection Special Management Area. In 2018, the Underwater Cultural 
Heritage Act 2018 (Cth) was passed to extend protections previously conferred to historic shipwrecks in Australian 
waters. The provisions will extend to historic aircraft wrecks and other forms of underwater cultural heritage in 
Commonwealth waters. The new Act will come into effect in mid-2019, replacing the Historic Shipwrecks Act 1976 
(Cth). This is intended to enable Australia to ratify the UNESCO Convention for the Protection of the Underwater 
Cultural Heritage.

7.3.14 Community benefits of the environment
In this assessment, the topic of community benefits of the environment encompasses cultural, social and economic 
benefits, such as employment, income, understanding, appreciation, enjoyment, personal connection, health benefits 
and access to Reef resources. Many of these attributes are values-based.

To understand community benefits, it is recognised that the Region is a multiple-use marine park and that people and 
their environment are interconnected, as reflected in the definition of the environment in the Act and the Environment 
Protection and Biodiversity Conservation Act 1999 (Cth). Significant work has been undertaken over the past five 

years to understand the range of community benefits, and to incorporate community 
benefits into policy, assessment processes and decision-making guidelines. This reflects 
a high-level understanding by managers that the Reef provides substantial and diverse 
community benefits.

Projects under the National Environmental Science Program are developing cost-effective 
indicators and metrics for human dimension outcomes, objectives and targets in the Reef 
2050 Plan. Other projects are further investigating the aesthetic value of the Region.

Many of the issues associated with community benefits, such as population change, 
economic growth and climate change, are recognised as global issues and are difficult for a single planning system to 
encompass. The Social and Economic Long-Term Monitoring Program is helping managers understand the human 
dimensions of the Region and incorporate such considerations into their planning and management.785

Stakeholder engagement through the Reef Advisory Committees and Local Marine Advisory Committees informs 
management about community values and issues of concern. Volunteer programs, such as components of the 
Marine Monitoring Program and Eye on the Reef program, also provide avenues for community involvement in 
protecting the Region. The Reef Guardian program aims to engage the community in protection of the environment. 
The Reef Joint Field Management Program is also strongly committed to improving community understanding of 
values and threats to the Reef and islands, fostering responsible behaviour and providing visitor facilities. These 
actions help protect and maintain community benefits and connections.

7.4 Assessment of management approaches
The purpose of this section is to assess the three broad management approaches as described in Section 7.1.4; 
environmental regulation; engagement; and knowledge, integration and innovation. The findings are based on 
assessments of each of these approaches against all management topics (Section 7.3).

7.4.1 Environmental regulation
As previously reported, statutory management instruments within the Region remain contemporary and appropriate. 
While gaps exist in the regulation of climate change and agriculture, there is caution about the practicality of more 

regulation of these complex issues.1382 The Reef 2050 Plan considers relevant existing 
regulation, policies and strategies across all government agencies. Some Commonwealth 
legislation has been reviewed to keep pace with emerging issues. 

The relevant Queensland legislation is not necessarily consistent between the 
Australian and Queensland governments, often due to differences in objectives of those 
governments. Some of these inconsistencies are managed through the Environment 

Community benefits are now 
included in many of  
the policy and decision-
making guidelines because of 
the Reef 2050 Plan

Statutory instruments 
within the Region remain 
contemporary and appropriate
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Protection and Biodiversity Conservation Act 1999 (Cth) bilateral agreement between the Australian and 
Queensland governments. The Marine Park Authority and Queensland Government issue joint permits, and have 
done so for more than 20 years. Policies and processes relating to assessment and issue of permits have been 
reviewed, and new service level standards have been set (for example, for standard tourism permits).

The Reef 2050 Plan strengthens a number of policies, in particular, Indigenous engagement in ecosystem 
management, enhancing ecosystem resilience, biodiversity assessment and the protection of species and habitats 
considered to be of conservation concern. It also encourages increased consideration of 
cumulative impacts and community benefits. 

Zoning plans and dedicated fisheries management have been very effective for managing 
activities, such as fishing, resulting in higher biomass of targeted species in no-fishing 
zones compared with fished areas. The three plans of management complement the 
Zoning Plan and address issues in high-use and sensitive areas. The Whitsundays Plan 
of Management was updated in 2017. However, the Cairns Area Plan of Management 
has not been updated since 2008 and the Hinchinbrook Plan of Management has not been updated since 2004. The 
protection offered to the Marine Park through plans of management and zoning plans has not reduced impacts from 
global warming, as demonstrated by the two coral bleaching events in 2016 and 2017.

Compliance systems are very sophisticated and focus on issues of risk to the Region, such as illegal fishing. The 
Queensland Sustainable Fisheries Strategy 2017–2027 requires all commercial fishing vessels (including dories) 
to be fitted with vessel tracking units by 2020, with a priority for net, line and crab vessels fitted by 1 January 2019. 
Illegal recreational fishing remains a concern and the number of incidents continues to increase. This is probably a 
combination of both increased illegal fishing and more effective detection of incidents. Additional Commonwealth 
funding announced in 2018 for the Reef Joint Field Management Program will further strengthen compliance activities 
within the Region.

A number of Commonwealth and Queensland policies, strategies, position statements and guidelines were prepared 
or updated in the lead-up to the 2019 Outlook Report. However, some have not been actively updated or fully 
implemented (for example, the Recreation Management Strategy1007 and the Biodiversity Conservation Strategy1379). 
Of concern is the Marine Park Authority’s Climate Change Adaptation Strategy and Action Plan 2012–20171370 which 
has not been re-funded or updated. Some of the policies and strategies would benefit from more outcome-oriented 
targets, with clear objectives, actions and milestones. To a limited extent, the Reef 2050 Plan has overtaken some 
of these strategies as an overarching plan for the Region and the 2018 review of the plan has increased focus on 
climate change.

7.4.2 Engagement
The 2015 Great Barrier Reef Intergovernmental Agreement between the Australian and Queensland governments938 
articulates joint management arrangements for the Region. It has been in place for over 40 years and was updated 
in 2015 to incorporate the Reef 2050 Plan. Positive engagement and collaboration 
between government agencies, partners and stakeholders has been encouraged and 
mandated through the Reef 2050 Plan. 

The Reef Joint Field Management Program works well for cooperative engagement 
between the two levels of government (Commonwealth and Queensland) and requires 
each government to develop priorities for activities and allocation of funding. Adequate 
resourcing to enable staff to undertake required management remains a major concern 
despite record funding to address issues, such as water quality, crown-of-thorns starfish outbreaks and in the 
Reef Joint Field Management Program. The Reef 2050 Investment Framework10, released in 2016, recognised a 
substantial funding gap of between $143 million and $408 million. Since then both governments have committed 
large amounts of new money to the Reef, exceeding the gap identified in the Investment Framework.

Engaging Traditional Owners as partners in the Region remains vital. This occurs through internal mechanisms in the 
Traditional Use of Marine Resources Agreement program, various Reef management initiatives and under the Reef 
2050 Plan (for example, Traditional Owner advisory groups). The number of Traditional Owners gaining access to their 
sea country through the Reef Joint Field Management Program vessels has increased significantly since 2014. This 
has many benefits, including informal training of non-Indigenous staff in Indigenous culture, increasing management 
involvement of Traditional Owners and maintaining their connection to country.

Research collaboration between managing agencies and researchers is generally positive, although some researchers 
reported that engagement of Marine Park Authority staff in planning for research and monitoring had declined in 
recent times. The basis for this view was unclear, but may be due to the transition of senior staff from the Marine  
Park Authority or the perceived withdrawal of the Marine Park Authority from research and monitoring. It may  
also be a product of the Commonwealth Department of the Environment and Energy becoming more prominent 
through research funding programs (for example, the National Environmental Science Program) and policy matters  
in the Region.

Compliance systems are very 
sophisticated and focus on 
issues of risk to the Region

Governance arrangements 
for the Region have become 
much more complex
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Although the issues are outside its areas of responsibility, the Marine Park Authority was also perceived by 
stakeholders to have a diminished voice regarding land-based run-off and coastal development. Governance 
arrangements for the World Heritage Area have become more complex and 11 high-risk areas of governance were 
identified as requiring transformational change to address declining outcomes in the Region.1383 Disengagement by 
the Marine Park Authority and other management agencies around factors that influence, but fall outside the formal 
mandates for management of, the Region is likely to heighten risks to the Reef. 

One of the strongest aspects of management involves partnership and stewardship arrangements, such as Reef 
Guardians, Reef 2050 WQIP and the Eye on the Reef program. The Reef 2050 WQIP, for instance, depends on 
forming partnerships with NRM bodies, industry bodies and local governments and, through them, with land 
managers. The partnerships and stewardship programs are underpinned by long-standing consultation arrangements 
with key sectors and regions via the Marine Park Authority’s Reef Advisory Committees and Local Marine Advisory 
Committees. In addition, face-to-face engagement through community access points (such as local businesses and 
fishing stores) and management presence at shows, events and meetings strengthens engagement, education and 
partnerships. Advisory bodies have also been established under the Reef 2050 Plan to provide independent expert 
advice and stakeholder views in relation to the plan’s implementation.

7.4.3 Knowledge, innovation and integration
Research and monitoring Strong partnerships with managing agencies and research providers (CSIRO, Australian 
Institute of Marine Science and universities) have become more targeted as key knowledge gaps have been identified 
through the Outlook Report process, strategic assessments and Scientific Consensus Statements. Managing 
agencies and researchers have initiated programs and projects to fill these knowledge gaps, including Reef 2050 
WQIP, Reef Blueprint for Resilience24, aerial surveys of coral bleaching in 2016 and 2017, and the Marine Park 

Authority’s Science Strategy and Information Needs6. However, the coral bleaching events 
in 2016 and 2017 have meant that knowledge of current condition and trends for many 
species and ecosystems has declined and it will take time to update this knowledge. 

The Australian Institute of Marine Science’s long-term monitoring program represents the 
longest continuous record of change in Reef communities in the Region and has provided 
data critical to understanding the condition and trend of the Reef. The Social and 
Economic Long-Term Monitoring Program recognises the inter-dependencies of people 
within the Region and contributes to long-term planning and evaluation of management 
decisions. These programs demonstrate the value of maintaining consistent monitoring 
over a large area for an extended period of time.

The development of the Reef 2050 Integrated Monitoring and Reporting Program (RIMReP) may help to address 
some of the deficiencies in past monitoring efforts, especially in relation to cumulative impacts. 

Reporting and evaluation The five-yearly Outlook Report provides the most comprehensive and regular basis 
for evaluation and reporting on the condition and management of the Region. The Reef 2050 Plan provides an 
overarching strategy for the management of the Region, including clear monitoring and reporting requirements. The 
development of the RIMReP is a positive initiative that will help to address some of the deficiencies in past monitoring 
efforts. This applies especially to monitoring cumulative impacts and overall ecosystem health to inform assessment 
of the Reef 2050 Plan. However, RIMReP has been very slow to develop with only very modest progress made over 
the past two years.

The Paddock to Reef program and its associated annual Reef report cards have been continually improved to 
provide a succinct snapshot of improvements and changes in land management practices, Catchment indicators 
(ground cover, riparian extent and wetland extend and condition), Catchment water quality (sediment, nutrients and 
pesticides) and the health of the inshore ecosystems. Apart from RIMReP, the reporting and evaluation frameworks 
for the management of the Region are generally on track.

Despite extensive 
research and monitoring 
in the Region, up-to-date 
knowledge of ecosystem  
and socio-economic condition 
is struggling to keep pace  
with disturbances 
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7.5 Assessment summary 
 — Existing protection and management
Paragraph 54(3)(f) of the Great Barrier Reef Marine Park Act 1975 requires ‘… an assessment of the existing 
measures to protect and manage the ecosystem …’ within the Great Barrier Reef Region. 

Paragraph 116A(2)(d) of the Great Barrier Reef Marine Park Regulations 1983 requires ‘… an assessment of the 
existing measures to protect and manage the heritage values …’ of the Great Barrier Reef Region. 

The assessment was undertaken by five independent, expert assessors based on the six elements of the 
management cycle:

• understanding of context 
• planning 
• financial, staffing and information inputs
• management systems and processes
• delivery of outputs
• achievement of outcomes.

7.5.1 Understanding of context
Grading statements — understanding of context Trend since last report

Very good
Understanding of values, 
threats, regional/global 
influences and stakeholders 
is good for most 
management topics.

Good
Understanding is 
generally good but there 
is some variability across 
management topics or 
components. 

Poor
Understanding of values, 
threats, regional and global 
influences and relevant 
stakeholders is only fair for 
most management topics. 

Very poor
Understanding of values, 
threats, regional and global 
influences and relevant 
stakeholders is poor for most 
management topics. 
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Deteriorated

No consistent trend

Grade and trend Criterion summary

2009 2014 2019 Understanding of context

h i

Context is assessed as the strongest management effectiveness element in 2019. Across most management topics 
this element was mostly stable or improving. However, context has declined for biodiversity and traditional use of 
marine resources. Understanding of values, direct and indirect threats and stakeholders is generally strong. Some 
aspects of biodiversity, ecosystem health and environmental conditions are less understood as a consequence of 
the bleaching events and other cumulative pressures, such as cyclones and crown-of-thorns starfish predation. 
Tourism, defence activities, ports, recreation, research activities, shipping and land-based run-off are well 
understood. This reflects a solid information and research base and a very mature understanding of the key values 
in the Region.

7.5.2 Planning 
Grading statements — planning Trend since last report

Very good
Effective planning systems 
that engage stakeholders 
are in place for all or most 
significant issues. There is 
adequate policy to manage 
issues that are consistent 
across jurisdictions.

Good
Effective planning systems 
that engage stakeholders 
are in place for many 
significant issues. Policy 
and consistency across 
jurisdictions is generally 
satisfactory. 

Poor
Planning systems that 
engage stakeholders are 
deficient for a number of 
significant issues. Policy 
and consistency across 
jurisdictions is a problem for 
some issues.

Very poor
Planning systems that 
engage stakeholders 
are deficient for many 
significant issues. Policy 
and consistency across 
jurisdictions is a problem for 
some issues. 
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Grade and trend Criterion summary

2009 2014 2019 Planning

n n
Significant efforts have been made in planning for a number of topics, such as ports, fishing, research activities, 
shipping and coastal development. However, planning effectiveness has continued to decline for climate change 
measures specific to the Region, principally as a result of defunding, changing policy and a lack of clarity about 
future directions. Planning has also declined for recreation largely because plans have not been reviewed since 
2014. The lack of systems to ensure adequate monitoring is the weakest aspect of planning overall.
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7.5.3 Financial, staffing and information inputs 
Grading statements — financial, staffing and information inputs Trend since last report

Very good
Financial and staffing 
resources are largely 
adequate to meet 
management needs. 
Biophysical, socio-economic 
and Traditional Owner 
knowledge is available 
to inform management 
decision-making.

Good
Financial and staffing 
resources are mostly 
adequate to meet 
management needs. 
Biophysical, socio-economic 
and Traditional 
Owner knowledge is 
mostly available to 
inform management 
decision-making although 
there may be deficiencies in 
some areas.

Poor
Financial and staffing 
resources are unable 
to meet management 
needs in some important 
thematic areas. Biophysical, 
socio-economic and 
Traditional Owner knowledge 
is variably available to 
inform management 
decision-making and there 
are significant deficiencies in 
some areas.

Very poor
Financial and staffing 
resources are unable to meet 
management needs in many 
thematic areas. Biophysical, 
socio-economic and 
Traditional Owner knowledge 
to support decision-making 
is frequently deficient in 
some areas.
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Grade and trend Criterion summary

2009 2014 2019 Financial, staffing and information inputs
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Adequacy of inputs is variable across management topics, being least effective for climate change. Most topics did 
not adequately understand and apply Indigenous heritage and historic heritage information inputs. Resourcing has 
significantly increased for many areas of Reef management, through the Reef 2050 Plan and associated investment 
strategy. The Reef Joint Field Management Program and the Marine Park Authority have received significant 
stabilisation funding. The Queensland Government has also provided significant funding through the Office of the 
Great Barrier Reef. Staff inputs have been variable since 2014 across both governments, with injections in some 
places (biodiversity and community benefits) and reductions in others (climate change and coastal ecosystems). 

7.5.4 Management systems and processes 
Grading statements — management systems and processes Trend since last report

Very good
The majority of management 
processes are appropriate 
and effective in addressing 
the management of the 
various management topics.

Good
The majority of management 
processes are appropriate 
and effective in addressing 
management although 
there are deficiencies in 
relation to a small number 
of management topics or 
processes.

Poor
A minority of critical 
management processes 
show significant deficiencies 
across most management 
topics.

Very poor
A majority of management 
processes show significant 
deficiencies across most 
management topics.
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Grade and trend Criterion summary

2009 2014 2019 Management systems and processes
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Management processes are particularly strong for defence activities, shipping, research activities and  
management of land-based run-off. They are weakest for climate change. Stakeholder and community engagement 
and application of biophysical information are the strongest aspects of management across all topics.  
Governance is generally strong, except for climate change. The application of socio-economic and heritage 
knowledge, and setting of targets to benchmark performance are problematic for many topics, but processes are 
generally stable to improving. 
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7.5.5 Delivery of outputs 
Grading statements — delivery of outputs Trend since last report

Very good
Management programs 
are mostly progressing in 
accordance with planned 
programs and are achieving 
their desired objectives. 
Managing agency and 
community knowledge base 
is improving.

Good
Management programs 
are mostly progressing in 
accordance with planned 
programs and are achieving 
their desired objectives 
but there are problems in 
some management topics. 
Managing agency and 
community knowledge base 
is generally improving.

Poor
Many management programs 
are not progressing in 
accordance with planned 
programs (significant delays 
or incomplete actions) or 
actions undertaken are not 
achieving objectives. The 
knowledge base is only 
growing slowly.

Very poor
Most management programs 
are not progressing in 
accordance with planned 
programs (significant delays 
or incomplete actions) or 
actions undertaken are not 
achieving objectives. The 
knowledge base is only 
growing slowly.
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No consistent trend

Grade and trend Criterion summary

2009 2014 2019 Delivery of outputs

n n
Delivery of desired outputs was rated as effective or mostly effective for all topics except climate change and 
recreation. It is strongest for commercial marine tourism, defence activities, research activities and traditional use of 
marine resources. The knowledge base of managing agencies and the community has consistently improved. While 
the majority of management programs are progressing satisfactorily, timeframes frequently slip and it is not yet 
clear that the programs are achieving all their desired objectives.

7.5.6 Achievement of outcomes
Grading statements — achievement of outcomes Trend since last report

Very good
Desired outcomes are mostly 
being achieved, values 
protected and threats abated 
for most thematic areas. Use 
of the Great Barrier Reef is 
largely environmentally and 
economically sustainable 
with good community 
engagement, understanding 
and enjoyment.

Good
Desired outcomes are 
being achieved in many 
management topics, 
values protected and 
threats abated for many 
management topics. Use 
of the Great Barrier Reef is 
largely environmentally and 
economically sustainable 
with good community 
engagement, understanding 
and enjoyment.

Poor
Desired outcomes, 
protection of values and 
abatement of threats are 
not being achieved at 
desirable levels in some 
critical management 
topics with likely eventual 
flow-on effects across 
the Great Barrier Reef. 
Critical aspects of the use 
of the Great Barrier Reef 
are not environmentally or 
economically sustainable.

Very poor
Desired outcomes, 
protection of values and 
abatement of threats are not 
being achieved at desirable 
levels in most management 
topics, including critical 
areas with likely eventual 
flow-on effects across 
the Great Barrier Reef. 
Critical aspects of the use 
of the Great Barrier Reef 
are not environmentally or 
economically sustainable. 
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Grade and trend Criterion summary

2009 2014 2019 Achievement of outcomes
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Achievement of desired outcomes is highly variable across the management topics. Objectives are being achieved 
in relation to community understanding of issues and development of effective partnerships. Overall, performance 
is strong, particularly for research activities, shipping, ports, commercial marine tourism and defence activities. 
Performance is weakest for climate change and the management of climate change is ineffective.  
Biodiversity outcomes have declined markedly, principally as a result of cumulative impacts and bleaching events  
in 2016 and 2017. 
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7.6 Overall summary of existing protection 
 and management
Effective management of the Region remains a complex task given local, regional and global threats. The 
effectiveness of existing measures to protect and manage the Region’s ecosystem (natural heritage value) and its 
heritage value (Indigenous, historic and others) was independently assessed for 14 broad management topics. The 
activities of all relevant Australian and Queensland government agencies that perform Reef management and other 
contributing partners were evaluated for six elements of the management cycle: context, planning, inputs, processes, 
outputs and outcomes. 

The assessment concluded that the Region continues to be managed effectively in most 
areas of activity (Table 7.4). Since the independent assessment for the 2014 Outlook 
Report, considerable improvements have been made in parts of the management cycle 
for a number of management topics.

For example, the elements of context, planning and outputs have improved for coastal 
development through the introduction of the Planning Act 2016 (Qld) and associated 
legislation, which established ecological sustainability as a core principle and reinstated 
coastal land surrender provisions. 

Many of the improvements in management effectiveness are a result of the Reef 2050 
Plan, which has improved jurisdictional consistency and coordinated a range of actions, 
targets and objectives to address the key threats to the Region. A number of assessment 
processes, policies and guidelines have incorporated understanding and consideration of 
cumulative impacts, such as on community benefits. 

Planning systems for ports and fishing have received the most profound reforms under 
the Reef 2050 Plan. While only in the early stages of implementation, effective outcomes 
are already being seen for ports. For example, the management effectiveness elements of 
outputs and outcomes have improved for ports following improvements in planning, and 

in understanding the values, threats and opportunities available. Implementation and resourcing of the Sustainable 
Fisheries Strategy are expected to improve the management effectiveness of fishing over the next five years. This 
may have flow-on benefits to biodiversity and heritage values. 

Stakeholder engagement remains a strong theme across most management topics. Significant work has also been 
undertaken to better recognise and embed less tangible values (such as community benefits and heritage) into 
management systems.

Management effectiveness remains strongest for topics of limited scale or complexity. For example, defence activities, 
research activities and shipping are managed effectively and improving across most indicators. 

Management effectiveness challenges remain evident for broadscale, complex topics, 
such as biodiversity, climate change, fishing and coastal development, and achieving 
outcomes on the ground continues to be difficult. For example, while some targeted 
actions have locally reduced sediment and nutrient loads entering the Reef lagoon, 
Reef 2050 WQIP targets are unlikely to be achieved within the stated timeframes. With 
improved land management practices relying on voluntary uptake (and affecting a 
relatively small area of the Catchment), change is slow. Further, there are significant time 
lags between actions on the ground and observable improvements in water quality.

The extensive coral bleaching episodes in 2016 and 2017 highlight the vulnerability of 
the system, and the need to actively address climate change. These bleaching events have dramatically changed the 
situation in relation to management of biodiversity in the Region. 

Improvements within 
management topics are most 
notable for ports, heritage 
values and fishing

The Reef 2050 Plan has 
improved jurisdictional 
consistency, coordination 
and resourcing across many 
management topics

Achieving outcomes on 
the ground continues to be 
difficult for complex and 
spatially broad topics, such as 
climate change, land-based 
run-off and biodiversity
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Table 7.4 Overall assessment of the effectiveness of existing measures to protect and manage the Region’s values 
The assessment of management effectiveness for the topic of climate change only relates to management measures undertaken 
specifically to protect and manage the Reef. The degree of complexity shown in the first column is based on the analysis  
provided in Table 7.2.

Grading statements Trend since last report

Very good
The grading statements for 
each of the assessment 
criteria are provided in 
Section 7.5.1 to 7.5.6.

Good
The grading statements for 
each of the assessment 
criteria are provided in 
Section 7.5.1 to 7.5.6.

Poor
The grading statements for 
each of the assessment 
criteria are provided in 
Section 7.5.1 to 7.5.6.

Very poor
The grading statements for 
each of the assessment 
criteria are provided in 
Section 7.5.1 to 7.5.6.

h 

n

i

Improved, grade changed

Improved within same grade

Stable

Deteriorated within  
same grade

Deteriorated, grade changed

Effectiveness of existing measures
Management  

topic Summary
Context Planning Inputs Processes Outputs Outcomes

n  i  i  Climate change
Management focus has significantly 
declined for climate change, 
particularly for outputs and outcomes.

n h h h h  Coastal 
development

Planning systems to effectively 
address coastal development have 
continued to evolve and improve.

n n h n  n Land-based  
run-off

Knowledge of water quality continues 
to be well understood, although 
outcomes continue to be poor due to 
significant time lags.

h h n  h h Ports

Ports within the Region are well 
managed. Coordinated and holistic 
planning for future port developments 
are undertaken through legislation and 
policy processes.

n h h n n n Fishing
The Sustainable Fisheries Strategy 
has improved planning and inputs of 
fishing.

n n n n n  Heritage values
Outcomes for the Region’s heritage 
values have improved over the last 
five years.

n n  n n n Commercial 
marine tourism

A comprehensive suite of 
management tools contributes to the 
sustainable management of tourism 
activities.

n  n n i n Recreation (not 
including fishing)

Recreation is generally managed 
effectively. Outputs have declined 
as emphasis has shifted to emerging 
risks.

i n n n h n Traditional use of 
marine resources

Sound agreements and cooperative 
management are in place to address 
traditional use of marine resources.

i n n n n i Biodiversity 
values

Back-to-back bleaching events in 
2016 and 2017 have dramatically 
changed the situation in relation 
to outcomes for biodiversity in the 
Region.

  h h n n
Community 
benefits of the 
environment

Community benefits are better defined 
and there has been a significant 
management focus in this area since 
2014.

h h h h  n Shipping Shipping is well regulated and 
managed.

n h h h n n Research 
activities

Planning, inputs and processes have 
all improved, largely as a result of 
enhanced systems and processes 
relating to management of research 
permits.

n n h n n n Defence activities
Defence activities continue to be 
managed effectively with close 
cooperation between agencies.
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<< Healthy coral reefs are resilient and support diverse communities of living things. © Matt Curnock 2017
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R E S I L I E N C E

‘an assessment of the current resilience of the ecosystem …’ within the Great 
Barrier Reef Region, s 54(3)(e) of the Great Barrier Reef Marine Park Act 1975

‘an assessment of the current resilience of the heritage values …’ of the  
Great Barrier Reef Region, paragraph 116A(2)(c) of the  

Great Barrier Reef Marine Park Regulations 1983

8.1 Background
Resilience, in the broadest sense, is the capacity of a system to absorb disturbance and reorganise so as to retain 
essentially the same structure, function, identity and feedback systems.1384 Resilience cannot be measured directly 
— assessing the resilience of a system depends on how well it responds to, withstands, adapts and recovers from 
disturbances.1385 Climate change is by far the strongest driver of change in the Region.1201 Recurrent temperature 
extremes are increasing in both severity and frequency, threatening to overwhelm the Region’s resilience by reducing 
its ability to withstand and recover from these adverse events.99 While local management cannot prevent large-scale 
disturbances, such as coral bleaching, understanding how resilient a system is (and the elements that define that 
system) can help to identify its level of risk and potential resilience-based management actions to promote resistance 
and recovery.1386

The Region is a social-ecological system, with people, species and habitats interlinked. Therefore, the resilience 
of both human and ecological communities is critical for its long-term sustainability.1387 A resilient system is 
characterised by processes that reinforce the current state and thereby reduce the likelihood that it will shift to a less 
desirable state.1388 Critical processes that support resilience may include the ecological process of herbivory (Section 
3.4.4) — reducing the abundance of macroalgae in a coral-dominated system, thereby reinforcing coral dominance. 
Or, from a social perspective, it might involve a tourism operator having a diverse business model in place that 
allows them to offer a range of alternative nature-based tourism options, while a particular tour site recovers from a 
disturbance (for example, cyclone damage).

Maintaining or promoting system integrity can be one way of strengthening resilience. Coral reefs have been 
estimated to reduce wave energy by up to 97 per cent87, highlighting their importance in coastal protection. Coastal 
and island communities may also increase their resilience to cyclone and storm events by conserving wetlands and 
island vegetation, which stabilises islands and coastlines.430 Maintaining a resilient system is a primary management 
goal, which requires a detailed understanding of the dynamics of complex and highly variable interconnected 
systems.1389 While the aim of resilience-based management is to maintain essential functions (functional resilience) 
and avoid shifts to less desirable states, the exact nature of critical thresholds and whether a system is approaching a 
threshold are largely unknown, due to complexities within the social and ecological systems.

The assessment is based on:

• ecosystem resilience (natural heritage value)
• heritage resilience (Indigenous and historic heritage value). 
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8.2 Ecosystem resilience
A resilient ecosystem is able to return to its pre-disturbance state, as long as the right 
combination of functions and processes are maintained, and given sufficient recovery 
time.1384,1390 Determining how resilient a system is before a disturbance occurs is a 
key challenge, particularly where chronic drivers, like climate change, have gradually 
caused an ecosystem to shift. In some cases, biodiversity of a system was used as a 
crude proxy for ecosystem resilience, in part because the greater the number of species 
performing similar functions, the greater the potential for functional redundancy — if one 
species declines another species can take its place, maintaining ecosystem function 
(Section 3.4.4 Figure 3.8).1391,1392,1393 While many functions contribute to the overall 
resilience of the system, some are more important than others. Ecosystem functions and 
processes that confer greater resilience include high connectivity among sites and adequate recruitment.601,618,1394,1395 
In 2009, the Reef’s overall resilience was assessed as good, but it was being reduced by threats from climate 
change, coastal development, catchment runoff and some aspects of fishing.1 In 2014, overall resilience was 
assessed as poor and since that time many critical ecological processes have continued to deteriorate (Chapter 3). 

A resilience-based management approach highlights the importance of maintaining 
key species and habitats, supporting key processes, and reducing drivers that cause 
pressures on the system.24 As climate change impacts become more frequent and 
severe, a resilience-based management approach will become more important.  
It is also critical that everything possible is done to minimise future increases in climate 
change impacts, otherwise resilience-based management will become limited in what  
it can achieve.24,1396 

The long-term rise in average and extreme temperatures is one of the most persistent stressors, and is affecting 
survivorship of species and having destabilising effects on many processes, such as symbiosis, recruitment, and 
connectivity. Years marked by hotter than average sea surface temperatures have become more frequent in the 
Region, particularly in the past 40 years (Figure 8.1). Increasing sea surface temperatures can delay recovery of 
vulnerable species and habitats from disturbances, such as cyclones and flood events. Limiting future warming would 
substantially reduce risks to marine biodiversity, ecosystems and the services provided to humans.1141 

Now, more than ever before, 
it is critical that everything 
possible is done to minimise 
the rate of climate change, 
otherwise resilience-based 
management will be limited in 
what it can achieve 

Figure 8.1 Annual sea surface temperatures on the Great Barrier Reef between 1900 and 2018
The colour of each stripe represents the annual mean sea surface temperature anomaly of a single year ordered from the 
earliest available data. The colour scale ranges from colder than average temperatures (shades of blue) to warmer than average 
temperatures (shades of red). If there was no trend of global warming, the colour pattern of bars would appear random. 
Source: Adapted from Hawkins 20181397 reflecting data from the Australian Bureau of Meteorology 

8.3 Case studies of recovery and decline  
 in the ecosystem 
The capacity of a system to recover after disturbance is a critical attribute of a resilient system. In the 2009 and 2014 
Outlook Reports, signs of ecosystem resilience were examined through a series of case studies assessing recovery 
of natural heritage values after disturbance. These case studies were selected because they represented a range of 
species, habitats and processes and many had long-term datasets. These same case studies were also assessed for 
the 2019 Outlook Report. 

It is more cost-effective to 
prevent ecosystem impacts 
than restore ecosystems 
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The series of case studies below illustrate the extent to which some natural heritage values of the ecosystem have 
recovered or declined following disturbance. The aspects of resilience focused on in each case study include:

• the extent to which some key habitats and species have responded after human and natural disturbances 
— coral reefs, lagoon floor and the black teat fish (sea cucumber)

• the extent to which some key ecological processes have responded after human and natural disturbances 
— herbivory (urban coast dugongs) and predation (coral trout)

• the effectiveness of specific management actions to address declines in specific species — loggerhead 
turtles. 

8.3.1 Coral reef habitats
Corals have persisted for over 200 million years1398, demonstrating remarkable resilience to past disturbances.1399 
Local disturbances (when not too frequent or severe) maintain diversity on corals reefs428,1400 because they can 
prevent dominant species from becoming too abundant.1401 However, disturbances only promote diversity when 
there are adequate windows to allow the system to reassemble and recover. Chronic drivers, such as continual 
water pollution, have persistent effects on the environment, whereas acute disturbances, such as a single storm 
or bleaching event, are short-term events. Disturbances that affect coral reefs are becoming more prevalent and 
widespread, diminishing the recovery potential of coral communities.99,219,501,1303 In the 1980s, the average return time 
between pairs of recurrent bleaching events throughout the tropics was 25 years, compared to about six years since 
2010.99 Since 1996, coral cover has declined on 90 per cent of the reefs in the Great Barrier Reef.1303 In 2016 and 
2017, the Reef experienced its first back-to-back bleaching events which caused mass mortality of corals in shallow 
reef habitats. In 2018, recruitment by corals across the entire Region declined on average by 89 per cent, and by 93 
per cent for Acropora corals (Section 3.4.7 Figure 3.11).96 

The nature of disturbances influence coral recovery trajectories, with fast recovery observed after disturbances that 
leave coral skeletons intact.195,219,1303 Coral cover can re-establish in two ways after disturbance: growth of surviving 
coral colonies and the recruitment and growth of new corals. Recovery of coral cover depends on multiple processes 

that influence larval supply (including adequate broodstock, fecundity, fertilisation and 
connectivity), successful settlement of coral larvae (availability of stable surfaces for coral 
recruits to attach to), and coral growth.96,423,601,1402 If one or more of these processes 
is lacking, recovery can be delayed or, in worst case scenarios, may not occur at 
all.195,1403,1404 For example, Havannah Reef near Townsville shifted from a coral-dominated 
to an algal-dominated system in 2001 after bleaching and cyclone damage, and failed to 
recover to its original coral-dominated state.594 Although Havannah Reef had an adequate 

supply of incoming coral larvae as at 2014, two factors prevented coral recovery: dense patches of macroalgae that 
exclude coral recruits, and an unstable rubble base that reduces the ability of coral larvae to settle and hold fast.195 
This highlights the importance of multiple processes for sustaining Reef resilience.

Management Reducing compounding stressors will help reefs recover from disturbances, such as cyclones and 
coral bleaching, but only to a limited degree.1405 If the strongest possible action to reduce global emissions does 
not begin immediately, there is a high risk of exceeding a two degree Celsius global average warming and not being 
able to avoid a projected collapse of the Reef.487,1141 Immediate and drastic reductions to carbon emissions to limit 
warming to less than 1.5 degrees Celsius will increase the likelihood that the Reef will persist into the future, although 
it will be different from the Reef today.1405 Effective global action on climate change will also greatly increase the 
effectiveness and positive impact of management actions in the Catchment and Region.

Management approaches in place for some time remain effective (Chapter 7) and necessary to address particular 
local and regional threats. Zones in the Marine Park that are closed to fishing have demonstrated recovery up to 
20 per cent faster after a disturbance than areas open to fishing.756 At a more local scale, installing over 140 public 
moorings and over 100 reef protection markers since 2016 has increased protection of coral habitats from anchoring 
(Section 5.5.1). This direct measure has been critical in high-use areas, such as the Whitsunday Islands, where reefs 
are still recovering from cyclone damage that occurred in 2017. Additional management actions are being undertaken 
to reduce land-based run-off and crown-of-thorns starfish predation on corals, in an attempt to reduce stressors, 
maintain resilience and provide greater recovery opportunities for the Reef.759,1406,1407

In addition to established management actions, initiatives are being explored to enhance the resistance and 
recoverability of reefs to disturbances. The Great Barrier Reef Blueprint for Resilience24 describes the 10 management 
approaches the Marine Park Authority and its partners should take to strengthen coral reef resilience to existing and 
future challenges (Chapter 7 Box 12). In 2019, the prototype of the Reef 2050 Integrated Monitoring and Reporting 
Program will be delivered to enable early detection of changes in the Reef’s environment.1021 As the program evolves, 
it will help to inform timely management responses and support resilience-based management.

Given the current condition of coral reefs (Section 2.3.5), different research and management approaches are being 
explored that were not contemplated in the past. Focus is increasing on attempted intervention through restoration 

Reef resilience is being 
degraded by frequent and 
severe disturbances
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and assisting corals to adapt faster to a warming climate.1134,1408 Since 2018, the Australian Government has invested 
in the scoping and design phase for the Reef Restoration and Adaptation Program and understanding and managing 
potential risks. This program aims to create innovative and targeted coral reef restoration and adaptation measures 
to help preserve the Reef’s values. Although every avenue should be explored to reduce local stressors and provide 
corals with the best chance to adapt, there are no substitutes for the strongest possible action on climate change.

Evidence for recovery or decline Since 2014, reefs in all regions of the Reef (northern, central and southern) 
were affected by a range of disturbances at different times, including freshwater flood plumes, destructive waves 
associated with cyclones and extreme thermal stress (Figure 8.2). As a result of these cumulative impacts, average 
hard coral cover has undergone a steep decline (Figure 8.3).95 The 2016 and 2017 mass bleaching events resulted 
in the loss of at least 30 per cent of shallow-water corals within the Region (Section 2.3.5). The loss of coral in the 

Figure 8.2 Multiple disturbances have impacted the Great Barrier Reef since 2014
The Reef has been exposed to multiple, severe disturbances that have reduced resilience. 
Left map: Primary and secondary flood plumes have exposed most inshore reefs and some mid-shelf reefs to land-based run-
off and freshwater between 2014 and 2018. Source: Adapted from Gruber et al. 2019155

Middle map: An estimated 68 per cent of the reef area within the Region was exposed to destructive waves (significant wave 
height of four metres) from one or more tropical cyclones between 2014 and 2019. Source: Adapted and updated from  
Poutinen et al. 2016434

Right map: Accumulated heat stress, represented as Degree Heating Weeks (DHW) due to global warming induced mass coral 
bleaching in the northern two-thirds of the Region in the summers of 2016 and 2017. Cumulative heat exposure is represented 
on the map by plotting the maximum DHW value that occurred in either 2016 or 2017 quantified at 5 kilometre resolution, using 
the NOAA Coral Reef Watch version 3 DHW metric. Source: Adapted from Hughes et al. 201988 and Lui et al. 20171409
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Whitsundays area as a result of cyclone Debbie is still being quantified. However, recent monitoring of inshore reefs 
found a substantial reduction in coral cover and juvenile corals.193,615

Region-wide patterns of coral decline are described below, collated from survey data collected by the Centre of 
Excellence for Coral Reef Studies, the Australian Institute of Marine Science and the Marine Park Authority. Overall, 
the survey data indicates that, as at 2018, average coral cover in the Region is among the lowest ever recorded.95 
Coral decline has been significant over the past four years, although timing of declines varied for different parts of the 
Region, due to the impacts of cyclones, mass bleaching and crown-of-thorns starfish outbreaks. Declines in coral 
cover have not been equal across the entire Region, but have exhibited a north to south gradient.88,90,1410

• Northern region (estimated 65 per cent decline in coral cover since 2013): Most coral death during the 
2016 mass bleaching event occurred in the northern third of the Reef, with an average 80 per cent loss of 
shallow-water coral cover on inshore and mid-shelf reefs off Cape Grenville and Princess Charlotte Bay.90,95 
In addition to the 2016 mass bleaching event, reefs in this area were exposed to two severe cyclones since 
2014, ongoing crown-of-thorns starfish outbreaks and a second mass bleaching event in 2017. Mean coral 
cover on reefs under long-term monitoring has decreased from 30 per cent in 2013 to 10 per cent in 2017, 
the lowest observed coral cover for these reefs in 30 years of monitoring.95

• Central region (estimated 35 per cent decline in coral cover since 2016): Although there was modest coral 
recovery in the central Reef in the five years following severe cyclone Yasi in 2011432,1411, this recovery has 
been largely reversed by unprecedented bleaching in 2016 and 2017.88 Offshore from Townsville, average 
coral cover declined from 22 per cent in 2016 to 14 per cent in 2018, due to coral bleaching and outbreaks 
of crown-of-thorns starfish.95 

• Southern region (estimated 24 per cent decline in coral cover since 2017): Reefs in the Pompey 
Complex (offshore Mackay) were subjected to destructive waves from cyclone Marcia in 2015 which set 
back recovery from cyclone Hamish (2009). Reefs in the southern region were not exposed to extreme 
sea surface temperatures in 2016 or 2017, but an outbreak of crown-of-thorns starfish in 2017 on the 
Swain Reefs reduced mean coral cover from 33 per cent to 25 per cent. Damage due to cyclone Debbie, 
which affected reefs in the northern part of this region, has been assessed on six inshore reefs surveyed in 
2017. An average loss of coral cover of 70 per cent at two metres depths and 64 per cent at five metres 
depth, has been estimated.440 Coral cover on four reefs surveyed in the Capricorn Bunker group in 2018 is 
considered to be high (>40 per cent).

Figure 8.3 Trends in mean hard coral cover since 1986 for the northern, central and southern Reef 
Coral cover trends for the northern, central and southern Great Barrier Reef are based on broadscale (manta tow) surveys up to 
May 2017, May 2018 and March 2018, respectively. The symbol ‘n’ indicates the number of reefs contributing to the analyses; 
shading represents 95 per cent certainty. Between eight and 69 reefs are surveyed per year, meaning that trends in hard coral 
cover for each part of the Region can be calculated from the pool of available reefs in a given year. Reefs used in the analyses 
may change from year to year. Source: Australian Institute of Marine Science 201895

Importantly, the health and resilience of the Reef cannot be measured by live coral cover alone. Changes in coral 
community structure and larval recruitment can also indicate declining reef resilience. For example, following mass 
bleaching, branching and staghorn corals declined by more than 75 per cent on severely bleached reefs compared 
with other growth forms.91 The substantial loss of adult coral broodstock resulted in an 89 per cent decline in coral 
recruitment, compared with a long-term average.96 Because branching and tabular corals are the most common host 
coral for many coral-reliant Reef species, the significant loss of these growth forms has potentially severe implications 
for dependent fish and invertebrates.83,211 The flow-on effects of habitat loss on reef fishes is already occurring273 
(Section 8.3.4).

Replenishment of coral habitat, and associated fish communities, will largely depend on successful recruitment and 
colony growth during disturbance-free periods. Historically, most coral communities recovered within 10–15 years of 
an acute disturbance, provided no other disturbances occurred.1412,1413 Modelled estimates of coral recovery time in 
the Region since 2009 are approximately double the historical experience: 14 years for the fastest growing corals and 
at least 30 years for slower growing corals, with the slower recovery rate attributed to ocean warming.219 Globally, the 
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time between severe bleaching events across tropical reefs had decreased from once every 27 years between 1980 
and 2016, to once every six years since 201099, and is predicted to become annual by 2050 or earlier if emissions 
are not drastically reduced.1149,1414 In the Region, shorter recovery windows between disturbances limit the capacity 
for coral populations to recover, and increase the probability of the depletion of vulnerable coral species.1415 This 
highlights the importance of local and regional management actions to reduce chronic and acute disturbances while 
strong global action limits the extent of future climate change.99,487,1141,1405,1416

Although the Reef has bounced back from many disturbances in the past, the overall trend for coral reef habitats 
within the Region is one of long-term decline.141,219,755,1402 Global warming has deprived the Reef of sufficient 
time for many coral communities to recover between acute events. The direct impacts of further climate change 
(Section 6.3.2), combined with chronic stressors, will further reduce reef resilience and deplete coral-associated 
species.99,141,501 Because of the increase in the frequency and intensity of disturbances, ecosystem resilience may 
already be on an irreversible path of decline.96,99 These impacts have serious implications for Reef-dependent 
industries and community benefits.

8.3.2 Lagoon floor habitats 
The lagoon floor is one of the most expansive habitats within the Region, and its condition is likely to vary spatially 
(Section 2.3.6). Limited monitoring of the lagoon’s seabeds has been conducted since the first assessment in 2009. 

Since the 2014 Outlook assessment, the lagoon floor has been exposed to various impacts and human activities. 
Impacts associated with climate change, bottom trawling and dredging are known to pose the greatest risks to 
this habitat.109,110,111 The current and projected effects of climate change (Section 6.2), such as rising temperatures, 
thermal extremes and an increase in storm severity, directly threaten a broad suite of lagoonal species, such as 
sponges, corals and molluscs.109 

Impacts associated with bottom trawling have not changed since 2014 and may include the removal of key habitat-
forming species (such as corals, algae and sponges) and damage to the seafloor. Although reduced trawling 
effort and better management since 1999 have reduced the area of lagoon floor being affected by trawling by 
approximately 40 per cent110,114, some lagoon floor areas within the southern Reef are still exposed to high levels of 
trawling.894 However, there is essentially no information on the distribution and abundance of sensitive habitat-forming 
benthos within these areas. Long-lived vulnerable deep-water elasmobranch species are known to occur in those 
areas1417,1418, and the area trawled by the deepwater eastern king prawn fishery has previously been identified as a 
high priority for ecological risk assessments.110

Dredging the lagoon floor in order to increase access to an area is an activity associated with ports, shipping and 
direct use (Chapter 5). Suspended sediments from dredging activities are harmful to many lagoon floor animals, 
particularly corals, fish and suspension feeders. Impacts include a reduction in water clarity and light attenuation1419,1420, 
increase in coral disease1421, effects on respiration and feeding ability of suspension feeders1422, delayed development 
of fish larvae1312, impairment of fish chemosensory abilities1314, and changes in fish gill structure.1316 Additional impacts 
to the lagoon floor originate from land-based run-off, anchoring and strong storm activity.

Management Potential threats to the lagoon floor are managed through a range of environmental regulations, policy 
and research. A number of spatially based protection measures are in place:

• In 2015, the Australian Government established legislation to restrict the disposal of dredge material in the 
Marine Park from capital dredging projects. 

• Marine Park zoning continues to protect representative examples of all habitats within the Reef ecosystem, 
with a minimum of 20 per cent of each relevant bioregion protected and more than 30 per cent in highly 
protected areas. Zoning arrangements restrict trawling to about one third of the Marine Park.

• Seventy Fish Habitat Areas covering 8,800 square kilometres1423 in or adjacent to the Region protect areas 
against physical disturbance from coastal development. 

Evidence for recovery or decline The Outlook Reports in 2009 and 2014 concluded that some lagoon floor 
habitats previously at risk are recovering from disturbances with the expectation that full recovery will take decades. 

8.3.3 Black teatfish (sea cucumber)
Globally, approximately 70 species of sea cucumbers are commercially fished, although 
commercial value is highly variable between species.106 One species, the black teatfish 
(Holothuria whitmaei), had a particularly high commercial value in the Queensland 
East Coast Bêche-de-mer Fishery. When this fishery was open, harvests were entirely 
exported, predominantly to China and other Asian nations for consumption and use 
in traditional Chinese medicines. Over-harvesting caused the fishery to close in 1999, 
because fishing had reduced the density and biomass of this species by at least 75 per 
cent on fished reefs north of Townsville.1424 

The resilience of black  
teatfish populations is limited 
and their sensitivity to over-
fishing and climate change  
will affect recovery 
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Sea cucumbers spawn in winter when water is cooler1425, and have low recruitment rates.241 In 2015, the black 
teatfish was assessed as one of the most vulnerable key Torres Strait fisheries species to a variety of climate change 
pressures. This is due to its limited mobility, high exposure to warmer waters on the shallow reef areas and generally 
low adaptive capacity.1426 Any rise in water temperature is likely to restrict or prevent spawning1427, undermining the 
resilience of this species and the important nutrient cycling process it performs.

Management Zoning protects a minimum of 20 per cent of each reef bioregion from extractive activities, including 
those containing suitable habitat for this vulnerable sea cucumber. The sea cucumber fishery is managed by the 
Queensland Department of Agriculture and Fisheries and has been closed since 1999. Recent calls to reopen the 
fishery1428 are based on industry-led surveys conducted in 2015, which concluded the black teatfish population may 
have recovered. The Sustainable Fisheries Expert Panel has assessed the commercial fishery for reopening. In order 
to reopen the fishery, several requirements must be met and measures designed to monitor the effectiveness of 
management arrangements must be followed to make sure the fishery is ecologically sustainable.

Evidence for recovery or decline Evidence for recovery of this species is limited. The 2015 industry-led surveys 
found the population biomass had increased to at least 70 per cent of its unfished biomass. However, these 
data were collected before several acute and severe disturbances to the surveyed areas between Townsville and 
Cape Grenville to the north. Considering their high vulnerability to climate change and the recent record-breaking 
temperatures in the Region165, particularly during their winter spawning season, it is possible that black teatfish 
recovery may have been affected by thermal stress.

8.3.4 Coral trout
Coral trout is the collective name for several species of coral reef-associated, predatory fishes on the Reef. This case 
study pertains to the collective group, including the three most common species on the Reef: the common coral trout 
(Plectropomus leopardus), bluespotted coral trout (P. laevis) and barcheek coral trout 
(P. maculatus). These three species are highly targeted by recreational and commercial line and spear fishers on the 
Reef. While these species occur throughout the entire Region, common coral trout and blue spot coral trout are more 
common on mid and offshore reefs, and barcheek coral trout is more common on inshore reefs.611 

Coral trout spend most of their life on or near reefs with some limited adult movement between reefs.1429,1430 As a key 
reef predator, they play an important role in the transfer of energy in the food chain and influence the composition 
of fish assemblages through competition and prey behaviour.1431 Coral trout use a range of coral reef habitats and 
depths and can be found residing under large plate corals and reef crevices that provide shade, protection and 
potential ambush sites.622 Coral colonies have also been shown to provide critical habitat for the post-larval settling 
and growth of young coral trout1432, making live coral structure a key factor for coral trout population resilience.

Following loss of coral habitat to varying degrees across the Region from cyclones, coral bleaching, fresh water 
inflow and crown-of-thorns starfish outbreaks, coral trout abundance declined in some locations (for example, around 
Magnetic Island and Palm Island) since 2007.1433 This was most pronounced on reefs in the Keppel islands where 
coral trout density declined by half following a 50 per cent decline in live hard coral and the coral trout’s preferred prey 
between 2009 and 2013 (Figure 8.4).1433 Reductions in coral trout abundance around the Keppel islands were similar 
across reefs open and closed to fishing (Figure 8.4). However, recovery of coral trout has been faster in both ‘old’ 
and more recently established no-take areas (established in 2004), than in areas open to fishing. Further monitoring in 
late 2017 indicated trout numbers have increased around the Palm and Whitsunday islands, with recovery in no-take 
marine national park zones at least 
double that of fished areas.615

A delayed response to coral loss 
is common for longer-lived reef 
fish species, such as coral trout.271 
Following habitat loss, shorter-
lived coral-dependent prey items 
preferred by coral trout (for example, 
planktivorous damselfish) can decline 
rapidly.269 In the Keppel islands, 
coral trout have been shown to 
switch diet to less preferred species 
(benthic-feeding damselfish).269 Given 
widespread coral loss and reduced 
capacity for recovery, coral cover 
is likely to be supressed for several 
years96 and this is likely to impact on 
replenishment and prey availability 
for coral trout.

Decreases in coral trout catch are likely to occur as sea temperatures increase, 
particularly in the warmer northern sector of the Reef. © Matt Curnock
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Figure 8.4 Comparison of average coral trout abundance and 
live coral cover at the Keppel islands from 2004–2017 across 
different zones 
The black line represents average coral trout density (+/- standard 
error). Average live hard coral cover percentages (+/- standard 
error) are shown as columns. Blue columns represent reefs open 
to fishing, dark green columns represent older no-take marine 
national park zones (established in 1987), and lighter green 
columns represent more recent no-take marine national park 
zones (established in 2004). Source: Williamson 20141433 
and Williamson et al. 2019615

Management Total allowable commercial catches of coral 
trout are managed by the Queensland Government under 
a commercial licence regime that is reviewed annually. The 
total allowable commercial catch was reduced to 917 tonnes 
in 2015 by the Queensland Government. The annual coral 
trout quota has subsequently been increased by about 
23 per cent to 1163 tonnes for 2018–19 based on quota 
decision rules relying on commercial catch per unit effort 
data.885 Recreational harvest of coral trout is regulated through 
individual possession limits. Estimates of recreational harvest 
are based on surveys and are less robust than estimates for 
the commercial sector.

In addition to limits on the total commercial take, management 
tools are in place to regulate the take of coral trout and make 
sure the stock is sustainable. These management tools  
include minimum size limits (to ensure fish reproduce at 
least once before being caught), a maximum size limit of 
800 millimetres for blue spot coral trout, recreational take 
bag limits, two 5-day fishing closures around their spawning 
period, and year-round compliance and enforcement of 
fisheries and marine park legislation. Generally, despite some 
poaching, coral reefs that are within no-take marine national 
park zones have more than twice the biomass of coral trout 
than similar, nearby fished reefs.998,1433,1434,1435 The effectiveness 
of reserves in supporting healthy populations of coral trout also 
yields benefits to adjacent areas open to fishing through the 
export of larvae.618,619

Illegal fishing of coral trout reduces the population and can 
impact on the important predation function they perform. 
For recreational fishing, the number of reported offences has 
averaged around 500 each year since 2012–13, gradually 
increasing to 653 reported offences in 2017–18. This reflects 
both improved surveillance capability and heightened 
compliance focus on recreational fishing activity (Section 
7.3.3). Commercial line fishery offences over the same five-
year period were fewer and more variable between years, with 
the number of offences ranging between five and 64 per year. 
However, some fishers employ counter-surveillance tactics, 
and the actual extent of illegal fishing activity by both sectors 
is much greater than the number of offences detected.992,1433 
Illegal take of coral trout causes local depletion, disrupting the 
natural food chain and leading to wider ecosystem effects. 
When others break the rules and fish illegally, fishers who 
keep to the rules suffer because there are fewer fish in the 
longer term. Large female trout in no-take areas supply larvae 
to reefs open to fishing up to 205 kilometres away.618,619 This 
level of larval exchange is an important process in maintaining 
the resilience of coral trout populations and the fishers that 
depend on them.

Evidence for recovery or decline While a suite of 
management approaches is in place to manage the direct 
take of coral trout, management approaches to address 
other key pressures, such as increasing sea temperature and 
severe cyclones, are far more challenging. These pressures 
pose the greatest threat to the long-term resilience of coral 
trout (and their predatory role), and may undermine fisheries 
management, threatening the viability of commercial and 
recreational fisheries.
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Coral trout have some ability to acclimate to increased sea temperatures, if given time and adequate food 
resources.504 Laboratory studies have shown coral trout embryos perish at water temperatures above 33 degrees 
Celsius.1199 Adult coral trout also increase their food intake at higher temperatures, to compensate for an increased 
metabolism. Therefore, as the ocean continues to warm, coral trout and other predatory fish may have to feed 
more90, but at the same time conserve their energy, which means they will move less within and between reefs1436,1437, 
which may affect their catchability and have ecosystem effects from changed predation patterns.269,504

In the mid 1990’s, coral trout populations displayed some recovery capacity following post-disturbance habitat 
loss.95 Following the 2016–2017 mass coral bleaching events, reef fish communities at Lizard Island changed, 
with a decrease in many potential prey species.1438 This will probably have flow-on effects through the food chain 
to predatory species, such as trout, as the habitat shifts and recovers (Section 3.4.5). The capacity of coral trout 
to resist disturbances in the future is decreasing due to two distinct effects of climate change: the direct effects of 
environmental change (increasing sea temperature), and indirect effects of habitat degradation. Direct effects from 
both commercial and recreational fishing also influence the resilience of coral trout, particularly in the northern Region, 
where coral trout are more susceptible to increasing temperatures. As coral trout respond to increasing temperatures, 
by conserving energy and moving less1436, they may become harder to catch and spawning aggregations may be 
impacted1023, resulting in lower reproductive output.

8.3.5 Loggerhead turtles
Mon Repos on the Woongarra coast, near Bundaberg, is currently the most significant nesting beach for the  
South Pacific Ocean loggerhead turtle (Caretta caretta) population, and is located just outside the southern boundary 
of the Region. Other key nesting locations are Wreck, Erskine and Tryon islands and Wreck Rock beaches in the 
southern Reef. 

Bycatch mortality in the otter trawl fishery was linked to a decline in South Pacific Ocean loggerhead turtles from 
approximately 3500 nesting females in the mid-1970s to only 500 by the year 2000.1439 Other pressures have also 
contributed to population decline, including fox predation on nests and, most recently, ingestion of marine debris, 

and poor hatching success due to natural erosion and flooding of nesting beaches.648 
Coastal development has continued to increase light pollution along the Woongarra 
coast, affecting nesting success and the number of hatchlings successfully reaching 
the ocean.331,332 Nest invasion by roots and vines of native and non-native plants is 
an emerging risk, resulting in incubation failure and entrapment of hatchlings on the 
mainland.321,327 It can take decades for loggerhead turtle population decline or recovery 
to become evident, due to their slow growth rates, changes in habitat use as they mature 
and other life history traits.1440

Management Eighty per cent of the loggerhead turtle population’s nesting habitat in eastern Australia is protected 
— higher than anywhere else in the world.328 Loggerhead turtles are listed under the Convention for Conservation 
of Migratory Species (CMS) and the Convention for International Trade of Endangered Species (CITES) both of 
which Australia is signatory to. Within Australia, they are listed as an endangered species under Commonwealth and 
Queensland legislation, including the Environment Protection and Biodiversity Conservation Act 1999 (Cth) and the 
Nature Conservation Act 1992 (Qld). Protection within marine parks along the Queensland coast is provided by the 
Great Barrier Reef Marine Park Act (1975) (Cth) and Marine Parks Act 2004 (Qld). The Reef 2050 Plan, the Recovery 
Plan for Marine Turtles in Australia 2017–2027 and the Queensland Marine Turtle Conservation Strategy also 
commit to turtle conservation.9,308,328

The Queensland Government has amassed 50 years of continuous research and monitoring of nesting loggerhead 
turtles along eastern Queensland.328 Management actions that are focused on the Woongarra coast include a public 
education campaign to change community behaviour (Box 14), revegetation of frontal dunes, and relocation of 
egg clutches at high-risk sites.1441 Knowledge of how many hatchlings die because of light pollution and how many 
nesting turtles move away from light-affected beaches is still lacking.1441

Evidence for recovery or decline Mandatory use of turtle excluder devices for trawl nets was introduced in 2001 
and successfully reduced the number of deaths of loggerhead turtles.320 Management intervention since the late 
1980s has also included fox baiting programs and active intervention through rescuing otherwise doomed eggs.648 
These actions have allowed 50,000 or more hatchlings to leave the beaches every year.648 At the nesting population’s 
lowest point (the 1997 nesting season), only 118 females came ashore along the Woongarra coast. Since then, 
numbers have generally been increasing (Figure 8.5). The drop to 302 nesting females in 2011 may have been 
caused by the extreme weather in 2010–11 affecting food supply, although this is not known for certain. By 2016, 
nesting numbers had rebuilt to 454, comparable to levels in the mid-1970s (Figure 8.5).

Overseas fishing bycatch 
and marine debris are likely 
to be limiting recruitment of 
loggerhead turtles
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Figure 8.5 Number of tagged loggerhead turtles nesting, Woongarra coast, 1967–2017 
Data for the 1967 and 1968 nesting seasons are population estimates. Data for nesting seasons from 1969 to 2017 are derived 
from population censuses. Nesting seasons occur over summer and are referred to by the year in which they start. 
Source: Department of Environment and Science Qld 2018312 and Limpus 2008320

Impacts that affect nesting success, hatchling survival, juvenile recruitment and adult survival have implications for 
the resilience of the species. Although management interventions have reversed the declining trend in turtles nesting 
on the Woongarra coast, considerable concerns remain, and recruitment of young turtles into foraging areas is an 
emerging issue. The recovery of nesting loggerhead turtles has mostly occurred on the mainland beaches rather than 
the islands. This is despite islands being the primary nesting areas in the 1970s. For example, nearly 600 nesting 
turtles were found on Wreck Island in 1977, yet there were fewer than 100 in 2011.1441 Turtles nesting on islands 
are more likely to be migrating in from more distant foraging areas680, and may be particularly affected by mortality 
occurring in international waters. 

Over the last 20 years, there has been a decline in recruitment of juvenile loggerheads returning and settling into 
foraging areas in southern Queensland. Despite significant management actions by the Australian and Queensland 
governments, overall recruitment rates of loggerhead turtles to Australian coastal waters are approaching zero, which 
will eventually reduce nesting population numbers.648 The decline in recruitment to Queensland foraging areas is 
believed to be a result of mortality of immature loggerhead turtles caught incidentally in long-line and gill net fisheries 
in Peru and Chile648,1442,1443 and from entanglement and ingestion of marine debris inside and outside the Region.1441

The Low Glow collaboration project
to protect loggerhead turtle
The Low Glow collaboration project is based in the Bundaberg 
region and aims to improve nesting success and hatchling 
survivorship of loggerhead turtles at Mon Repos beach on 
the Woongarra coast — a very significant site for the Region’s 
loggerhead turtle population. Ambient night-time light negatively 
affects female turtles’ nesting and can confuse hatchlings emerging 
from nests. Reef Guardian Schools around Bargara, Burnett Heads 
and Elliot Heads conduct light audits on their homes, schools and 
in their community during nesting season (October–December) and 
hatching season (January–March). The data captured will help local 
residents and organisations to ‘cut the glow’ of ambient light. The 
project brings together Reef Guardian Schools, a Reef Guardian 
Council, Queensland Parks and Wildlife Junior Turtle Rangers 
and the Burnett Local Marine Advisory Committee, working in 
partnership for a more sustainable future for local nesting turtles.

Sky glow viewed from Mon Repos Beach in 
2010. © Queensland Parks and Wildlife Service

Hatchlings running to the ocean.  
© Queensland Parks and Wildlife Service

BOX 14
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8.3.6 Urban coast dugongs
Dugongs are relatively slow growing, have low reproductive rates and restrictive dietary requirements (almost 
exclusively seagrasses) and are highly vulnerable to a wide range of direct impacts. Their abundance and distribution 
within the Region is generally discussed in terms of two geographic areas: the remote coast and the urban coast 
(Section 2.4.16). This section relates to the portion of the dugong population that resides along the urban coast 
between Cooktown and the southern extent of the Region. 

Cumulative impacts have exacerbated the vulnerability of urban coast dugongs.1444 Even 
though urban coast dugongs may be showing some signs of recovery since 2011, the 
remaining population continues to be challenged by high levels of mortality in 2010–
20111445, slow recovery of their food source in some areas after multiple disturbances 
(Section 2.3.4), extreme weather events1446 and ongoing pressures from human use of 
the Region.

Aside from seagrass habitat degradation and a delayed recovery (Section 2.3.4), the 
greatest threats to dugongs are from human activities that kill adult animals. These threats include incidental capture 
in commercial and illegal fishing nets (Section 5.4.3), poaching (Section 5.9.3) and vessel strikes. Many Traditional 
Owner groups with an accredited Traditional Use of Marine Resource Agreement have set a voluntary moratorium on 
the harvest of turtles and dugongs (Section 5.9). Scientific modelling of dugong populations in Torres Strait concluded 
that traditional use of dugongs is sustainable.1111,1116 An equivalent understanding of the legal harvest and illegal 
poaching of dugongs across the entire Region remains a knowledge gap. The impacts on dugongs of projected 
increases in shipping, regional recreational use and associated maritime infrastructure remain largely unknown.

Management The 2009 and 2014 Outlook Reports outlined a number of planning, policy and statutory management 
measures to reduce direct and indirect impacts on dugongs. These tools included dedicated trawling closures, 
Dugong protection areas, the Zoning Plan, voluntary go-slow areas, sustainable traditional hunting agreements, and 
commercial netting restrictions. New management measures since the 2014 Outlook Report include:

• improving water quality targets to help build the resilience of inshore seagrass areas that support marine 
biodiversity, including dugongs9,527,941

• developing the Queensland Sustainable Fisheries Strategy 2017–2027892, a strategic approach to 
mitigating commercial fishing impacts on non-target and protected species 

• the Queensland shark control program permanently replacing the final few shark nets inside the Marine Park 
with drumlines in early 2017 

• establishing new and re-accrediting existing Traditional Use of Marine Resource Agreements along the 
urban coast to support sustainable traditional use, research and monitoring (Section 5.9.1).

Regular aerial surveys have been conducted since the 1980s to estimate dugong populations within the Region 
and Torres Strait.413,414 Also, Indigenous ranger groups collect localised information on sightings and impacts.414 The 
Marine Wildlife Strandings program (StrandNet) reports on dugong strandings and causes of mortality1445,1447, and is 
the main source of information on related trends along the urban coast.1448 The Queensland Government provides 
annual data on inadvertent dugong capture in shark nets as part of the Queensland shark control program. Data on 
commercial fishery bycatch, legal traditional hunting and illegal poaching are lacking for much of the Region.1447 

While there is a growing body of biological and ecological information on dugongs, data gaps currently remain an 
issue for conservation.1449 A priority listing of specific dugong information needs is provided in The Action Plan for 
Australian Mammals 2014.1450

Evidence for recovery or decline Even under the best conditions (low natural and no anthropogenic  
mortality) the urban coast dugong population has a maximum biological recovery rate of under five per cent per 
year.1451 Current population numbers are a fraction of pre-European settlement levels and may never recover to  
pre-harvest levels.1,1452,1453

Aerial surveys of the urban coast estimate that dugong abundance declined in overall terms between 2005 and 
2016 (Section 2.4.16).414 Mortalities recorded in 2011 by the Marine Wildlife Strandings program were the highest 
since reporting began in 1998 and followed several severe weather events. Since then, the number of stranded or 
dead dugongs across the Queensland east coast has declined again1447, and body condition of individual dugongs 
appeared to be better in 2016 than in 2011413,414 (Section 2.4.16). The observed increase in abundance south of 
Cooktown414 is attributed to dugongs migrating back into the urban coast area from further north as seagrass 
meadows recovered from the effects of a series of wetter than normal years (culminating in the floods and cyclones 
of 2010–11)59 (Section 2.3.4).

Despite evidence of some improvement since 2011, the potential increase in urban coast dugong populations would 
be strongly dependent on the condition of seagrass meadows and efforts to reduce direct mortality threats. Over the 
long-term, the resilience of urban coast dugongs and the herbivory role they perform will continue to be influenced by 
interactions between direct anthropogenic impacts and those related to climate change (including increased intensity 
of cyclones and altered rainfall patterns).

Urban coast dugongs  
remain at risk from human 
activities and factors affecting 
seagrass health
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8.3.7 Humpback whales 
The eastern Australian humpback whale (Megaptera novaeangliae) population exhibited strong recovery as of 
2015.385 At the last survey in 2015, approximately 24,000 whales were estimated from visual surveys (58–98 per 
cent of the original pre-whaling population).385 The population is expected to have continued on this recovery 
trajectory and reached more than 30,000 in 2018. Due to their increasing population, it has been proposed that their 
conservation status in Australian waters be revised.11 As the population approaches its carrying capacity, a modelled 
estimate of up to 40,000 whales, food availability, disease and climate change will become important limiting factors 
for the population.387,1454 

Threats to individual whales transiting through the Region include entanglements in nets, underwater noise and vessel 
strike, but the greatest threat to population persistence is climate change and the related effects on food sources 
outside the Region.385,389,390,391,1056 While vessel strike is presently not considered a major threat to the Reef humpback 
whale population, the increasing abundance of humpbacks in the Region coupled with increasing numbers of vessels 
increases the likelihood of vessel strikes.392 

Management Banning whaling in international waters is the single largest contributing factor to the recovery of the 
humpback whale population in the Region. Management of other activities that threaten humpback whales within 
the Region through a combination of legislative requirements, operational policy, and research and monitoring have 
further enabled their recovery.

Evidence for recovery or decline Annual recovery rates of the east Australian humpback whale stock have  
been estimated at 10–11 per cent per year.385 Recovery is estimated to be 58–98 per cent of the original  
pre-whaling population.385 

8.4 Heritage resilience 
Heritage resilience is the ability of a heritage place, structure or value, to experience 
impacts or disturbance while retaining the inherent heritage value for which it has been 
recognised. Poor community awareness and lack of appreciation of heritage values 
are recognised as key threats to the Region’s heritage values and its resilience.2,1446 
Communication and interpretation of heritage values are important drivers of resilience, 
making heritage accessible to the community and engendering community support and 
protection of heritage.1455 One threat to physical maintenance and restoration of historic 
heritage is loss of knowledge, specifically through a continuing decline in access to 
specialised professional and trade skills, and an ageing workforce.1455

Internationally, heritage resilience in disaster risk management and disaster recovery for culturally significant places 
is becoming more prominent, including from a community well-being perspective.1456 Since 2014, there has been 
improved focus (both nationally and at the state level) on social and economic elements of heritage resilience, 
including the importance of collaboration and partnerships, sustainable tourism and adaptive re-use, and engaged 
and appreciative communities.1455

The Reef 2050 Plan9 has identified specific actions, targets and objectives to observe, protect and manage 
Indigenous and historic heritage values, particularly as a means of maintaining their significance for current and future 
generations. Currently, these actions are based on four main heritage resilience themes: 

• building the capacity, support and involvement of Traditional Owners and other community members
• ensuring protection through appropriate legislation, policy, planning and impact assessment 
• completing, updating and implementing specific planning instruments (for example, for identified historic 

shipwrecks and lightstations) 
• enhancing identification, monitoring and reporting on key Reef heritage values and sites.

As part of the mid-term review, and in anticipation of the 2020 review of the Reef 2050 Plan, a consultancy firm with 
Traditional Owners was engaged. Their report provided 10 broad recommendations about governance, funding, 
co-design and partnerships. 

More broadly, loss of knowledge and tradition, and incremental damage continues to impair the resilience of 
intangible cultural knowledge across many of the world’s Indigenous cultures including in the Region (Section 
4.3). However, on a Region-wide scale Indigenous heritage values have experienced heightened awareness and 
reconnection. The Reef’s Traditional Owners continue to access sea country and strengthen their natural and cultural 
resource management capacity (Sections 4.3 and 5.9.1). A new strategy to guide management, adopted since 2014, 
is the 2019 Aboriginal and Torres Strait Islander Heritage Strategy for the Great Barrier Reef Marine Park.803 
The strategy aspires to keep Indigenous heritage value in the Marine Park strong and resilient. It includes specific 
objectives and actions under three outcomes: keep heritage strong; keep heritage safe; and keep heritage healthy.

Community awareness 
and appreciation are key 
contributors to the Region’s 
heritage resilience
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8.5 Case studies of heritage resilience
The three case studies below illustrate the likely resilience of some Indigenous and historic heritage values in the 
Region, and whether they have recovered or declined following disturbance. The case studies presented are: 

• Indigenous heritage — cultural practices, observances, customs and lore
• historic heritage — lightstations
• historic heritage — underwater wrecks.

8.5.1 Cultural practices, observances, customs and lore
Indigenous heritage values are interconnected with the natural heritage values of the Region, and Traditional Owners 
are the custodians of Indigenous heritage values (Section 4.3). Resilience of these values depends on Traditional 
Owner’s connection to culture and sea country as well as the condition of the natural heritage values. There is a long 

history of traditional use of the Reef and management of the Region’s marine resources 
and values. Contemporary conservation management activities (undertaken both 
independently and in partnership with Traditional Owners) significantly help to maintain 
the Region’s Indigenous heritage value (Section 5.9).

As a case study, the Lama Lama people from the Princess Charlotte Bay area in the 
far northern part of the Region, are a Traditional Owner group that have developed a 
successful community-based governance structure over a 10 year period. The Lama 
Lama Ranger program delivers contemporary island and sea country management that 
complements traditional knowledge and local skills base. These efforts have helped 

maintain resilience of Indigenous values by reasserting cultural connections through knowledge transfer. For example, 
established Junior Ranger programs focus on the transfer of knowledge between generations.

The Lama Lama people’s history and connection to their land and sea country, along with their ambition for managing 
their heritage through tenure (ownership) reform, is well documented.809,1457,1458 The Lama Lama Rangers protect an 
area of about 3000 square kilometres of Cape York Peninsula land and sea country, extending from Massey River in 

the north, to the Normanby River at the top end of the Rinyirru 
(Lakefield) National Park in the south.1459 This Traditional Owner-
led management also covers the offshore islands and reefs  
within Princess Charlotte Bay, an area covered by a Traditional 
Use of Marine Resource Agreement (Section 5.9.1 Figure 5.28), 
including Marpa National Park (and some of the Claremont Isles). 
In 2016, coral reefs in this area were severely impacted by coral 
bleaching, causing significant concern and questions within the 
Traditional Owners.

Management The Lama Lama people are engaged in formal 
management arrangements under Australian and Queensland 
government statutes for their land and sea country.1460,1461 
The area is owned under Queensland law by the Lama Lama 
people and jointly managed in partnership with the Queensland 
Government. In 2013, the Lama Lama people developed a 
Traditional Use of Marine Resource Agreement that covers 2323 
square kilometres of sea country extending through Princess 
Charlotte Bay to the Normanby River in the south. This five-year 
accredited statutory agreement outlines actions to protect sea 
country and increase the resilience of Indigenous heritage values.

Evidence for recovery or decline Indigenous customs and lore are tangible and intangible and, on a Region-wide 
scale, are not well known by Reef managers. However, the resilience of this value is measured by its ability to retain 
its inherent heritage value after experiencing impacts or disturbance. In this way, strong Traditional Owner connection 
to country (for example, continuance of cultural practices and established governance arrangements) and the 
capacity to access country is essential to the resilience of this value. The condition of this value is improving in some 
areas and progress can be demonstrated through actions outlined and achieved through the Lama Lama land and 
sea country activities, for example: 

• an increase in on-water compliance achieved through a strategic program of collaborative and independent 
sea country patrols 

• an increase in the number of collaborative research and monitoring programs (for example, bird surveys on 
Pelican Island) and protection of island cultural sites, particularly Marpa rock art sites 

• continuation and growth of the Junior Ranger program with a marine focus
• strong Elder-led governance.

Traditional Owners spending 
time on country continues 
to strengthen connections, 
transfer knowledge and 
maintain Indigenous  
heritage values

Lama Lama Junior Rangers participating in a drone 
demonstration over their country with a representative from 
the Great Barrier Reef Marine Park Authority. © GBRMPA 2017, 
photographer: Gus Burrows
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In addition, in July 2018, the Lama Lama people celebrated the success of a long-term national park joint 
management partnership with the Queensland Government.1460 The partnership included recognition of the 
collaboration over Marpa Island, where Lama Lama rangers lead on-ground monitoring and protection of the island’s 
heritage values, including the highly significant Wind Story. Lama Lama rangers have established a large female 
cohort, an important element in ensuring appropriate protection of women’s heritage. A strong emphasis on ranger 
skills and training has been established, including fire management, cultural site management, tour guiding and 
compliance training. A number of rangers have also gained a Certificate III in Conservation and Land Management.1462 
Cultural practices, observances, customs and lore are being maintained within the Lama Lama country (both land 
and sea) and its resilience is inferred to be improving.

8.5.2 Lightstations
Historic lightstations within the Region comprise four lightstations on the Commonwealth Heritage List and Pine 
Islet lightstation (Section 4.4.1 Figure 4.7). At the time of the 2014 Outlook Report, heritage management plans that 
described and assessed in detail the lightstation’s historic heritage values, were in place for the Dent Island831 and 
Lady Elliot Island833 lightstations. Since that time, several new management tools have been implemented for the 
Commonwealth listed lightstations. 

Lightstations are threatened by damage and erosion, and their resilience is dependent on management effort 
to maintain heritage value where possible. While it is generally accepted that the Region’s lightstations are well 
maintained, disaster risk management remains a gap for these highly exposed heritage 
values of the Region. Even though safeguards provided by maintenance programs are 
having a positive influence on the capacity of historic heritage to withstand adverse 
events,1348 more intervention is likely to be required in the face of a changing climate. 
Climate change adaptation strategies for built assets in the Region require more disaster 
risk management innovations than have currently been documented by managers, such 
as considering options to stop saltwater inundation and installing cyclone rods into 
buildings. However, under the Burra Charter1463, if a lightstation or lighthouse sustains 
significant damage so most of the original fabric is destroyed, the structure is likely to 
be demolished rather than repaired. For example, Pine Islet lightstation remains derelict and the lighthouse has been 
relocated to Mackay marina. In those cases, the physical heritage value would be lost permanently even though the 
intangible heritage value remains (the place remains significant). Furthermore, to safeguard the historic heritage value 
of the place and property, the extent of any repair or modification to the structures, would have to be inconsequential.

Management Heritage strategies, registers and 
management plans outline the roles and priorities of 
managers to maintain these historic heritage assets and are 
used widely across the Region.831,834,1465,1466 The focus of 
these plans is to protect, conserve and preserve the  
historic heritage of lightstations for current and future 
generations. These management tools, however, do not 
address the direct impacts of climate change, disaster  
risk management or resilience strategies. Through 
maintenance and renewal actions these plans indirectly 
adapt lightstations and lighthouses against a changing 
climate and, by passing on knowledge, they further transmit 
the significance of these places.

Evidence for recovery or decline Evidence of improved 
resilience of lightstations or lighthouses since 2014 is limited, 
although managers are confident the inherent heritage value 
of these assets is retained. How these properties adapt and 
respond to changes that affect their exposure to damage 
(from seawater inundation, catastrophic winds and severe 
weather) can determine their level of resilience and is an 
ongoing challenge for managers. The Region’s lightstations 
are located on exposed islands within the Region, so their 
historic heritage value is highly vulnerable to the threats 
posed by climate change (Section 6.7). This vulnerability 
extends to the place (the land in which they sit), which may 
contain artefacts yet to be discovered and identified. Buried 
artefacts are most at risk from seawater inundation.1347

Lightstations rely on 
management actions to 
support their resilience and 
maintain their inherent  
heritage value 

Grave of Jane Ann Owen (nee Coulsen) on Low Isles. 
Jane Owen was the wife of the first superintendent (head 
lightkeeper), Daniel Owen, who died in 1880. The grave is 
situated about two metres above sea-level on the north-
western side of the island and is susceptible to sea-level rise.  
© GBRMPA 20171464
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8.5.3 Historic shipwrecks
The vessel Foam took its final voyage on 5 February 1893 and the historic wreck now rests in the lagoon of 
Myrmidon Reef about 125 kilometres north-east of Townsville.835 No monitoring, survey, recovery or analysis of the 
Foam artefacts occurred between 2009 and 2015. However, managers inspected the site in 2015 and 2018 to 
accurately record its location and condition. As a case study of resilience, the recent inspections of the Foam provide 
updated evidence that the wreck remains in good condition. Ongoing monitoring of its condition is important for 
understanding its resilience.

Management Vessels that have been in Commonwealth waters for at least 75 years are automatically protected 
by the Underwater Cultural Heritage Act 2018 (Cth) (Section 4.4.3). The Foam is located in a protected zone 
with a 200-metre radius, which includes the seabed and water column. By the very nature of their location, historic 
shipwrecks naturally erode and degrade. This is not considered loss of resilience because, in most cases, their 
inherent heritage value is retained. Resilience of an underwater relic is dependent on management effort, taking into 
consideration the relic’s remoteness and ability to ward off the corrosive processes of the marine environment. The 
main risks to the resilience of historic shipwrecks include altered weather patterns (such as cyclones) and illegal 
activities and behaviours (such as looting and anchoring on the wreck) that can accelerate natural degradation rates. 
Future management initiatives, such as developing a conservation management plan for the Foam site will help guide 
management and the behaviour of Reef users. Inspection of heritage sites after cyclonic activity will help preserve and 
conserve artefacts exposed by storm action.

Evidence for recovery or decline Components with underwater historic heritage value are susceptible to damage 
from severe weather events through physical movement and abrasion from waves containing suspended sediments. 
The abrasive wave action often removes the protective marine growth, exposing the fabric of the site to corrosion and 
frequently uncovering fragile artefacts.

The 2015 inspection of the Foam site observed some damage from cyclone Yasi (2011), evidenced by the anchor 
winch being more deeply buried in 2015 than in 1984 (Figure 8.6). A bronze ship fastening and iron bracing knee 

had been dislodged and repositioned among live coral. Minor contemporary damage to 
the protective calcareous layer was also observed, speculated to be caused by grazing 
herbivores. In spite of these observations, the Foam remains in good condition. 

Coral growth over an artefact can protect it from physical damage and help stabilise 
corrosion through the reduction of contact with oxygenated water. The loss of this 
cover will lead to increased deterioration of the artefact. A re-survey of the Foam in 
2018 discovered that coral and sediment had moved (presumably because of cyclone 

Debbie in 2017), and was covering parts of the shipwreck. This provided a protective layer that could potentially slow 
corrosion and limit erosion.835

By the very nature of their 
location, shipwrecks naturally 
erode and degrade

Figure 8.6 Historic shipwreck, Foam 1984 and 2015 
In situ anchor winch. 
Left: © Queensland Museum 1984 
Right: © GBRMPA 2015835 
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8.6 Assessment summary — Resilience
Paragraph 54(3)(e) of the Great Barrier Reef Marine Park Act 1975 requires ‘… an assessment of the current 
resilience of the ecosystem …’ within the Great Barrier Reef Region. 

Paragraph 116A(2)(c) of the Great Barrier Reef Marine Park Regulations 1983 requires ‘… an assessment of the 
current resilience of the heritage values …’ of the Great Barrier Region. 

These assessments of ecosystem and heritage resilience are based on the information provided in earlier chapters, 
namely the current state and trends of the Reef’s natural heritage value (biodiversity and ecosystem health) and 
heritage value (Indigenous and historic). They are also based on trends in direct use, the factors influencing future 
value and the effectiveness of protection and management arrangements. A series of case studies provide more 
information on the two areas of assessment:

• ecosystem resilience (natural heritage value)
• heritage resilience (Indigenous and historic heritage value). 

Over time, the case studies may be expanded or more case studies developed.

8.6.1 Ecosystem resilience
Grading statements — ecosystem resilience Trend since last report

Very good
Under current 
management, 
throughout the 
ecosystem, populations 
of affected species 
are recovering well, 
at rates close to their 
maximum reproductive 
capacity. Affected 
habitats are recovering 
within expected natural 
timeframes, following 
natural cycles of 
regeneration.

Good
Populations of affected 
species are recovering 
at rates below their 
maximum reproductive 
capacity. Recovery of 
affected habitats is 
slower than naturally 
expected but structure 
and function are 
ultimately restored 
within a reasonable 
timeframe.

Poor
Populations of affected 
species are recovering 
poorly, at rates well 
below their maximum 
reproductive capacity. 
Recovery of affected 
habitats is much 
slower than expected 
natural timeframes and 
the resultant habitat is 
substantially different.

Very poor
Affected species are 
failing to recover and 
affected habitats are 
failing to recover to 
their natural structure 
and function.

 
Borderline
Indicates where a 
component or criterion 
is considered close to 
satisfying the adjacent 
grading statement. 

h 
n
i
0

Improved

Stable

Deteriorated

No consistent trend

Confidence

Adequate high-quality 
evidence and high level 
of consensus

Limited evidence or 
limited consensus

Inferred, very limited 
evidence

Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

i i
Ecosystem resilience: Black teatfish, loggerhead turtles and dugongs have shown an ability 
to recover from disturbance after significant management intervention. As a result of severe 
disturbance (thermal stress) coral reef habitats have significantly decreased. As a result, coral 
trout, which depend on these habitats, are also in decline. Increasing frequency and severity of 
some threats are likely to reduce the resilience of species and habitats in the Region.

i i
Coral reef habitats: Significant losses in coral broodstock has occurred in the northern two 
thirds of the Region. Coral recruitment has declined by up to 89 per cent. As a result, some 
species and habitats are failing to recover to their previous state and function within the five year 
Outlook Report cycle.

n n
Lagoon floor habitat: Some previously affected lagoon floor areas are probably still recovering. 
Shallow lagoon floor areas have been exposed to prolonged thermal stress and damaging waves 
from several cyclones. The impacts of these disturbances are unknown, as no recent monitoring 
has been conducted. 

h h
Black teatfish: Industry-led surveys conducted in 2015 indicated black teatfish populations in 
some of their range in the northern half of the Reef had recovered to above 70 per cent of the 
unfished population density. The effect of the 2016 and 2017 thermal stress events is not known. 

0 i

Coral trout: Coral trout resilience has deteriorated following disturbances causing broadscale 
loss of habitat structural complexity and their preferred prey in some locations. Some recovery 
since 2013 is evident and more pronounced in no-take areas. As temperatures increase, 
physiological tolerances of coral trout may be exceeded in the northern third of the Region. The 
full effects of recent habitat loss may take several years to manifest, but are likely to result in 
decreased condition of coral trout and altered food chain dynamics. 
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Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

h 0
Loggerhead turtles: Management interventions have reversed the declining trend in nesting 
loggerhead turtles on some nesting beaches. Nesting loggerhead turtle populations on those 
beaches continue to recover and are comparable to nesting levels in the mid-1970s. However, 
overseas fishing bycatch and marine debris may be limiting recruitment of loggerhead turtles and 
may affect population resilience into the future.

i h
Urban coast dugongs: The urban coast dugong population has shown some signs of recovery 
in the south since 2011 despite the overall decline between 2005 and 2016. Slower than 
expected recovery of seagrass habitats has affected dugong recovery rates. Continued effective 
implementation of all management arrangements is required to reduce direct threats.

h h
Humpback whales: Humpback whales have demonstrated resilience to past over-harvesting, 
recovering to at least 60 per cent of the pre-whaling population. Currently, the recovery trend 
continues to increase exponentially. Resilience of this species will now depend on impacts of 
climate change, particularly on their food source outside the Region. 

8.6.2 Heritage resilience 
Grading statements — heritage resilience Trend since last report

Very good
Under current 
management, 
heritage values are 
well understood, well 
recorded and well 
protected. Actions 
are being taken to 
address major threats 
and restore values. 
Cultural connections 
and community 
awareness are 
strong.

Good
Heritage values 
are described and 
recorded for many 
components. Many 
of the values are 
protected under 
current management 
arrangements. Some 
actions are being 
taken to address 
major threats and 
there is restoration 
work in some areas. 
Cultural connections 
are generally strong 
and there is some 
community awareness 
of values.

Poor
Some of the heritage 
values are described 
and recorded, but most 
remain unrecorded and 
poorly understood. Some 
are protected under 
current management 
arrangements. The 
number of values where 
actions are being taken 
to address major threats 
and restore values is 
relatively small. Cultural 
connections have 
deteriorated. There 
is limited community 
awareness of values.

Very poor
Heritage values are 
not well understood, 
recorded or 
protected. Few, if 
any, actions are being 
taken to address 
major threats and 
restore values. 
Cultural connections 
have deteriorated 
significantly and there 
is little community 
awareness.

 
Borderline
Indicates where a 
component or criterion 
is considered close to 
satisfying the adjacent 
grading statement. 

h 
n
i
0

Improved

Stable

Deteriorated

No consistent trend

Confidence

Adequate high-quality 
evidence and high level of 
consensus

Limited evidence or 
limited consensus

Inferred, very limited 
evidence

Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

0
Heritage resilience: The resilience of Indigenous heritage values continues to depend on 
the active involvement of custodians, and access to land and sea country. Resilience of the 
Region’s historic heritage value has not been widely analysed by managers. Shipwrecks exist in 
a dynamic marine environment, which may degrade their structure naturally over time. Limited 
evidence is available to comprehensively quantify the resilience of the Region’s heritage values. 

h
Cultural practices, observances, customs and lore: The resilience of this component 
depends on Traditional Owners maintaining connection with their land and sea country. Strong 
governance and an increase in Indigenous ranger and junior ranger programs contribute to 
maintaining the resilience of this value.

0 Lightstations: The Commonwealth heritage-listed lightstations in the Region are well recorded 
and maintained, contributing to their resilience. Evidence of these components becoming more 
resilient to impacts or disturbances, as opposed to being well maintained, is lacking. 

0
Historic shipwrecks: The main risks to historic shipwrecks include natural and human 
impacts that can accelerate natural degradation rates. More frequent site inspections assist 
understanding and enable timely intervention. However, limited evidence is available to indicate 
that resilience increased since 2014. 
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8.7 Overall summary of resilience
The Region is one of the world’s most diverse and remarkable ecosystems. However, 
along with every other tropical marine ecosystem, it is under increasing threat. 
Elements within the ecosystem are exhibiting a reduced capacity for resistance and 
recovery, although the extent of the decrease varies considerably between ecosystem 
components. The natural resilience of the Region’s values is being undermined by 
increases in the severity and frequency of disturbances. 

There is a recognised lag between implementing meaningful actions to improve resilience 
and observable ecosystem improvements. As climate change impacts accelerate, 
recovery windows will shrink and the effects of other pressures will be amplified. Managing for resilience is most 
important in situations where there is uncertainty about risks and the effectiveness of management responses. The 
combined consequences of climate change and local and regional impacts on the Reef present such a situation. 

The Region’s resilience is assessed through 10 case studies (seven ecosystem case studies and three heritage case 
studies). Humpback whales are the only ecosystem component described in the case studies that has made a strong 
recovery. Their recovery is due to international legislation put in place several decades ago to protect these species 
from hunting in the Southern Ocean. Urban coast dugongs have shown signs of recovery from impacts in 2011. 
In contrast, the resilience of coral reefs has deteriorated from poor to very poor. Black teatfish populations in the 
northern Reef are thought to have been recovering since the last assessment although remain graded as having very 
poor resilience. Some previously affected lagoon floor areas are probably still recovering from cyclone disturbances. 
The latter two assessments are based on limited evidence, and the effect of the 2016 and 2017 thermal stress events 
is not known. For coral trout, recovery is slow (although evidence is only based on  
several locations) and is likely to remain limited until reef structure and prey species abundance bounces back 
following disturbances. 

In future, increasing sea temperatures (especially in the northern two-thirds of the Reef) 
are likely to reduce the resilience of coral trout through lower condition and reproductive 
output. Management interventions over the last few decades have successfully  
reversed declines in loggerhead turtle nesting numbers on some beaches. However,  
the effects of overseas fishing bycatch and marine debris on the number of juvenile 
turtles reaching and settling into Reef feeding grounds may be undermining the 
population’s overall resilience. 

Of the three heritage case studies, two elements (lightstations and historic shipwrecks) are being maintained with 
limited evidence of improvement or decline in resilience. Resilience of cultural practices, observances, customs 
and lore has probably improved within the Lama Lama case study area, given well-established governance and 
management systems. The resilience of intangible values, such as many of the Region’s Indigenous heritage  
values, depends strongly on the active involvement of the custodians of those values to make sure connections  
and knowledge are kept alive. The resilience of heritage values derived from the natural environment (such as 
Indigenous heritage values and world and national heritage values) is a direct function of the resilience of the 
underpinning ecosystem.

The natural resilience of  
the Region’s values is being 
undermined by increases in 
the severity and frequency  
of disturbances

Community awareness and 
appreciation are important to 
the resilience of the Region’s 
historic and Indigenous 
heritage values

Lagoon floor habitats support an array of species. © Matt CurnockPine Islet lighthouse at its current location at Mackay 
marina. © Chloe Schauble
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<< Giant clam in a degraded reefscape. © Matt Curnock 2017
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R I S K S  T O  T H E 
R E G I O N ’ S  V A L U E S

‘an assessment of the risks to the ecosystem …’ within the Great Barrier Reef 
Region, s 54(3)(d) of the Great Barrier Reef Marine Park Act 1975

‘an assessment of the risks to the heritage values …’ of the 
Great Barrier Reef Region, paragraph 116A(2)(b) of the 

Great Barrier Reef Marine Park Regulations 1983 

9.1 Background
Management of the Region must consider the full range of threats to the Region’s ecosystem and heritage values 
(natural, Indigenous, historic and other heritage values). Action should be focused on addressing those threats that 
pose the greatest risk and, increasingly, recognise the cumulative contribution of those threats and the interactions 
among them.1467,1468 

The comprehensive risk assessments contained in the 2009 and 2014 Outlook Reports1,2 identified climate change, 
land-based run-off, coastal development and some aspects of extractive direct use as the areas of most serious risk. 
The assessments have guided subsequent decision-making and helped set management priorities.1,9,1468,1469 

The risk assessment described below is based on the information presented in preceding chapters. The assessment 
systematically reviews the current and future risks presented by known threats, and summarises the residual risk to 
the Reef after consideration of existing protection and management measures. 

The assessment is based on overall risk to the ecosystem (natural heritage value) and overall risk to heritage values 
(Indigenous, historic and other heritage values).

9.2 Identifying and assessing the threats

9.2.1 Identifying the threats
The current and potential threats to the Region’s ecosystem and heritage values considered in this risk assessment 
are informed by the evidence presented in Chapters 5 and 6. The 45 threats considered in this risk assessment are 
listed in Appendix 6, including a comparison with those assessed in the 2014 Outlook Report. 

The list of threats includes direct and indirect threats and some that are consequential 
(arising as a result of other threats). For example, stress on corals from environmental 
pressures, such as sea-temperature rise and nutrient and sediment run-off, may increase 
the likelihood of coral disease outbreaks.

Four threats have been added to the assessment since 2014 (defined in Appendix 
6). In combination with previously included threats, such as marine debris and chemical and oil spills, the addition 
of ‘genetic modification’ recognises emerging and potential future activity in relation to coral reef restoration and 
resilience-building interventions.24,1020,1470 The three other newly-added threats acknowledge the potential for 
undesirable behaviours and other considerations to affect the condition of Indigenous and historic heritage values in 
ways not captured in the previous list of threats. 

It is important to note that this assessment can only consider the threats that are known and identified. There are 
likely to be more unknown and unexpected threats that have not been considered. These other threats will be 
assessed in future reports as they are identified. 

Forty-five threats are identified 
for assessment
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9.2.2  Assessing threats
Two separate risk assessments are presented — one for the Region’s ecosystem (natural heritage value) and one for 
its heritage values (Indigenous, historic and other). The Australian Standard for risk management (AS ISO 31000)1471 

was followed. The likelihood and consequence of each threat is ranked on the five-point scale set out in Appendix 
7. The criteria for selecting a consequence level for the ecosystem are different to 
those for heritage values. An overall risk level for each threat is determined by applying 
a risk matrix that combines its likelihood and consequence. Risk is considered to be 
residual — the risk that remains once any reductions provided by existing management 
measures have been taken into consideration.

The assessment is based on information in Chapters 2 to 8 of this report, including the 
current state and resilience of the Region’s ecosystem and heritage values, major factors 
influencing the Region’s values (including human use), and effectiveness of management. 
Additionally, input on risk levels from experts external7 and internal to the Marine Park Authority made an important 
contribution to the process.

Because of the size and complexity of the Region, and because many threats affect its values over different time 
and spatial scales and at different intensities and interact in many different ways, the assessment presented here is 
necessarily high level. Several important broad assumptions were made in undertaking the assessment:

 • Each threat was initially assessed in isolation from others; compounding effects are discussed separately 
(Section 9.3.7).

• Each threat was assumed to be possible at any geographic location within or, where relevant, adjacent to 
the Region.

• Threats were assessed as they are today (for example, current fishing catch amounts and techniques) or on 
the basis of documented trends (for example, trends in sea temperature and ocean acidification).

• Threats were assessed with existing, but not any future, management measures in place (that is, the 
mitigating effect of a management measure was only considered if the measure was already in place).

In understanding the consequence of a threat to the ecosystem (natural heritage value), variations in the extent  
of the threat’s likely effect are taken into account by having different criteria for broad-scale and local-scale effects 
(Appendix 7). In order to understand the true level of risk, for each threat the higher consequence grade is  
adopted in determining the overall risk. For heritage values (Indigenous, historic and other), consequence level is 
considered using a single criterion that encapsulates both the geographic scale of effects and the range of heritage 
values affected (Appendix 7).

9.2.3 Information on community views
The risk assessment process considered input from Reef scientists on risks to the 
Reef. As part of an elicitation workshop, members of the Reef scientific and heritage 
expert communities provided advice on likelihood and consequence for a supplied 
list of threats.7 In addition, the views of other community sectors were considered in a 
qualitative way, using information from various sources:

• Respondents to a national opinion survey were asked to rank a provided list of threats.844 
• Residents of the Catchment as well as members of the fishing and tourism sectors (including both tourists 

and tourism operators) were surveyed regarding the three most serious threats.785 

• The public and targeted consultation processes used to develop the Aboriginal and Torres Strait Islander 
Heritage Strategy for the Great Barrier Reef Marine Park were drawn on.803,1472

A standard risk assessment 
method is used, taking 
into account likelihood and 
consequence

Community views informed the 
risk assessment
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While community views on the 
key threats to the Reef vary, 
climate change and pollution 
are common concerns 

Table 9.1 Community views on threats facing the Great Barrier Reef 
A range of sectors were canvassed about their views on threats to the Great Barrier Reef ecosystem using various survey 
methods (Section 9.2.3).844,785,803,1472 The data gathered is not directly comparable among groups.

9.3 Outcomes of risk assessment

9.3.1 Community views
The views of various community sectors on threats to the Great Barrier Reef are 
summarised in Table 9.1. Many sectors named climate change, pollution (including 
marine debris), land-based run-off and fishing as key threats. Concern about marine 
debris and other pollution has continued to increase since previous Outlook Reports and 
concern about natural disasters, such as cyclones and floods, has also become more 
prominent. 

Community sector
Ranking of perceived threats

First Second Third Fourth Fifth

Australians generally
Marine debris 
and beach litter

Climate change 
Agricultural 
run-off 

Crown-of-thorns 
starfish 

Shipping 

Reef Catchment 
residents

Pollution 
(includes 
marine debris)

Climate 
change/global 
warming

Fishing (includes 
overfishing, 
illegal fishing)

Poor water 
quality (for 
example, from 
land-based run-
off)

Coral 
bleaching

International tourists
Climate 
change/global 
warming

Pollution 
(includes 
marine debris)

Tourism
Humanity 
(for example, 
overpopulation)

Fishing 
(includes 
overfishing, 
illegal fishing)

Domestic tourists
Pollution 
(includes 
marine debris)

Climate 
change/global 
warming

Humanity 
(for example, 
overpopulation)

Tourism Mining

Marine tourism 
operators

Climate 
change/global 
warming

Poor water 
quality (for 
example, from 
land-based 
run-off)

Fishing (includes 
overfishing, 
illegal fishing)

Governance 
(for example, 
government 
policies and 
management)

Natural 
disasters (for 
example, 
cyclones and 
floods)

Commercial fishers

Fishing 
(includes 
overfishing, 
illegal fishing)

Poor water 
quality (for 
example, from 
land-based 
run-off)

Climate change/
global warming

Governance 
(for example, 
government 
policies and 
management)

Natural 
disasters (for 
example, 
cyclones and 
floods)

Traditional Owners 
and others consulted 
on the Aboriginal and 
Torres Strait Islander 
Heritage Strategy

(threats of concern mentioned in feedback, in alphabetical order)
Climate change, damage to sites and other components of heritage, illegal hunting/
harvesting of marine resources, sea-level rise, species shifts

Scientific and heritage 
experts 

(highest perceived threats for either ecosystem or heritage values at either a Region-wide 
or local scale, in alphabetical order)
Altered weather patterns, barriers to flow, dredging, illegal fishing and poaching, incidental 
catch of species of conservation concern, marine debris, modifying coastal habitats, 
nutrient run-off, ocean acidification, outbreak of crown-of-thorns starfish, sea-level rise, 
sea-temperature increase, sediment run-off, vessel strike
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Figure 9.1 Risks to the Region’s ecosystem and heritage values from identified threats 
This risk matrix is consistent with the principles, framework and processes outlined by the Australian Standard (AS ISO 31000) using terms 
and definitions detailed in Appendix 7. The assessment is based on current and documented future trends in the identified threats and existing 
management measures. The compounding effects of threats are not considered. The full description for each of the identified threats is provided 
in Appendix 6 and the risk assessment for each threat is summarised in Appendix 8. The four threats added in 2019 are marked as new additions. 
Symbols indicate where a threat has been assessed as having the same combination of likelihood and consequence ratings for both ecosystem 
and heritage values (that is, its natural, Indigenous, historic and other heritage values). If a threat has different ratings for ecosystem and heritage, 
it is presented twice and each entry is shown with a single symbol. Some threats are only relevant to heritage values and only appear once. If the 
assessed risk has increased or decreased since the 2014 Outlook Report this is indicated. 
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9.3.2 Level of likely risk
The outcomes of the risk assessments for the 45 threats to the Region’s ecosystem (natural heritage value) and 
heritage values (Indigenous, historic and other) are presented in Appendix 8 and summarised in Figure 9.1. 

The close connections between the Region’s ecosystem and its heritage values mean that the projected risk of 
almost all threats is the same in both assessments — although for some threats the likelihood and consequence of 
the effect differ between ecosystem and heritage values. 

Two threats present a different level of risk to the Region’s heritage values when compared to their impact on the 
ecosystem. Illegal activities that damage Indigenous and historic sites and intangible cultural values poses a higher 
risk to heritage. Extraction of herbivores poses a lower risk to heritage values as, when performed by Traditional 
Owners, this activity supports traditional use and maintenance of cultural practices. Assessments for the threats 
‘illegal activities’ and ‘extraction of herbivores’ did not include consideration of illegal fishing and poaching activities, 
due to the separate assessment conducted for ‘illegal fishing and poaching’.

9.3.3 Sources, scale and timing 
The identified threats to the Region’s ecosystem and heritage values arise from a number of sources and are highly 
variable in both scale and timeframe. Figure 9.2 links these individual threats to their probable causes (the factors 

identified in Chapter 6 as key influences on the condition of the Region’s values) and 
indicates the spatial scale and likely timing of each threat’s effect. 

The threats identified as highest risk are affecting the ecosystem and heritage values at 
a broad, often Region-wide, scale and are happening now. Most of the very high risk 
threats are associated with climate change or land-based run-off, and the remainder are 
linked to coastal development (modifying coastal habitats) and direct use of the Region 
(illegal fishing and poaching, and incidental catch of species of conservation concern). 
The threats rated as high risk are almost all related to direct use, at both Region-wide 

and local or regional scales (for example, extraction of predators, discarded catch, marine debris, damage to reef 
structure, and several threats related to the ability of Traditional Owners (and others) to access and maintain cultural 
heritage). Overall, threats that are more localised in their effects are generally rated as having a lower risk and are 
generally associated with direct use of the Region.

9.3.4 Highest risk threats
Based on assessments of the 45 identified threats (Figure 9.1 and Figure 9.2), the 10 threats identified in 2014 as 
presenting a very high risk to the Region’s ecosystem and heritage values are again rated as very high risk. Another 

11 and 14 threats are rated as high risk to the Region’s ecosystem and heritage values, 
respectively. Very high is the highest level of risk in the assessment matrix (Appendix 7); 
no further increase in risk level occurs even if a threat’s likelihood continues to increase or 
its consequences continue to worsen.

Climate change remains the single most pervasive and persistent influencing factor, with 
four climate change-related threats posing very high risk (and one posing high risk) to 
the Reef on a Region-wide scale (Figure 9.2). These risks are predicted to increase in 
the future (Sections 3.2 and 6.3). The implications of global tipping points in the physical 
climate system are of urgent concern487 (Section 6.3.1). Not only is the direct influence 

of these threats on the Region’s values significant, they also have the potential to exacerbate and amplify the impact 
of other threats. For example, corals already under stress due to poor water quality and interactions with direct 
use activities (such as fishing) may be further stressed by the effects of sea-temperature rise (such as increased 
frequency, distribution and intensity of coral bleaching). The effects of these threats may also exacerbate the 
susceptibility of corals to disease (Section 3.6.1).2,990,1421,1473

Risks to Indigenous, historic and other heritage values from activities that physically disturb or place material on the 
seafloor may be underestimated because systematic identification and understanding of the extent and location of 
many heritage values (for example, burial sites, wrecks and archaeological sites) is limited. The potential for significant 
or permanent damage to sites of particular cultural or historical importance is a concern.

The threats that pose the 
highest risk are Region-wide in 
scale; most are already having 
an impact

The threats that pose highest 
risk arise from climate change, 
coastal development,  
land-based run-off and some 
aspects of direct use
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Figure 9.2 Summary of threats 
arising from factors influencing the 
Region’s values, and associated 
scale, timing and risk level
This figure links identified threats 
with the key factors (Chapter 6) that 
have most influence on them, either 
directly or indirectly. Instances where 
a factor is likely to only have an 
insignificant influence on a threat  
are not displayed (no dot shown).  
The risk level for each threat is 
shown, along with the scale of the 
risk and expected timing of the 
effects of the threat.
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Altered weather patterns •

Sea-temperature increase •

Ocean acidification •

Sea-level rise 10+ •

Modifying coastal habitats •

Nutrient run-off •

Sediment run-off •

Outbreak of crown-of-thorns starfish • •

Illegal fishing and poaching •

Incidental catch of species of conservation concern •

Altered ocean currents •

Barriers to flow •

Marine debris • •

Discarded catch •

Extraction of particle feeders •

Extraction of predators •

Fragmentation of cultural knowledge •

Foundational capacity gaps •

Incompatible uses •

Artificial light • •

Damage to reef structure •

Extraction from spawning aggregations •

Illegal activities — other •

Pesticide run-off •

Outbreak of disease Cumulative effect of many factors

Outbreak of other species Cumulative effect of many factors

Terrestrial discharge •

Acid sulfate soils • •

Disposal of dredge material • •

Dredging • •

Noise pollution • •

Exotic species • • •

Behaviour impacting heritage values •

Damage to seafloor •

Extraction of herbivores •

Grounding — large vessel •

Grounding — small vessel •

Spill — large chemical • •

Spill — large oil • •

Vessel strike •

Vessel waste discharge •

Wildlife disturbance •

Atmospheric pollution • •

Genetic modification 5+ •

Spill — small •

Threat Risk Timing

 Region-wide  Low risk  High risk  Now 10+ More than 10 years

 Local or regional  Medium risk  Very high risk 5+ More than 5 years
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Increased risk

Altered ocean currents

Artificial light

Damage to reef structure

Extraction of particle feeders

Illegal activities — other (for heritage)

Grounding — small vessel 

Wildlife disturbance (for ecosystem)

Decreased risk

Disposal of dredge material 

Threats added to assessment

Fragmentation of cultural knowledge (for heritage)

Behaviour impacting heritage values (for heritage)

Foundational capacity gaps (for heritage)

Genetic modification

 Low risk  Medium risk  High risk  Very high risk

9.3.5 Trends in risks to the Region’s values
The risk level for a number of the threats to the Region’s ecosystem has changed since the assessment presented in 
the Outlook Report 2014 (Figure 9.3). 

Increases in assessed risk: Risk level has increased for seven threats: altered ocean currents, artificial light, 
damage to reef structure, extraction of particle feeders, illegal activities (not including illegal fishing and poaching), 
grounding of small vessels, and wildlife disturbance (Figure 9.3). Increases in a risk grade since 2014 have generally 
been attributed to an increased understanding of the threat, its distribution and frequency, or the likely severity of its 
consequences. 

Some changes to ocean currents (for example, the East Australian Current) are starting to be observed, noting that 
the understanding of likely future consequences for the Region’s ecosystems is limited. 

The current context of widespread elevated environmental stress on sensitive habitats 
(Chapters 2, 6 and 8) amplifies the overall consequences of minor disturbances 
or damage. Small vessel groundings and damage to reef structure (from anchors, 
snorkelling and diving fins, fishing equipment and other direct use interactions) are 
now considered to be more significant risks than they were in 2014. Anecdotally, these 
interactions are commonplace and reporting of damage to reef structure from them is 
likely to be low. Individual incidents may be relatively minor and people may not always be 
aware damage has occurred.

Extraction of particle feeders from the ecosystem by fishing activities was considered a medium risk in 2014. Since 
then a significant decline in the saucer scallop population has been detected and there are concerns around declining 
catch rates and potential localised depletion for some crab species (Section 5.4). Successful implementation of 
management reforms under the Queensland Sustainable Fisheries Strategy892 may reduce the risk to crustaceans 
and other particle feeders in the future.

Since 2014, understanding has improved about the increase in artificial light glow emitted from ports and developed 
areas, and its effects on sensitive species, including those of conservation concern (Sections 2.4.10, 6.4.2 and 
8.3.5). Also, people’s ability to access the Region 
through vessel ownership and availability of boat ramps 
and road access continues to become more widespread 
(Sections 5.5 and 6.2.2). These factors, along with the 
ready availability of personal drones, have increased 
potential levels of wildlife disturbances.

The assessment of the threat posed by illegal activities 
(other than illegal fishing and poaching, which are 
assessed separately) now explicitly includes illegal 
damage to Indigenous or historic heritage sites and 
objects (Appendix 6). The risk posed to the Region’s 
heritage values by this threat is considered high, an 
increase from a medium level of risk in 2014. This 
increase in assessed risk reflects the more specific 
inclusion of illegal damage to heritage sites within 
the scope of illegal activities, and also the concerns 
expressed by Traditional Owners and Reef managers 
regarding the potential for serious impacts as a result of 
some activities. The consequence of vandalism, looting 
and accidental illegal damage of places and artefacts of 
Indigenous or historic heritage value can be significant at 
multiple scales, and can be irreversible.

Risk posed by threats added to assessment: The 
four new threats not described or assessed in 2014 are 
considered to present a range of risks (from low to high) 
to the Region (Figure 9.3). Information on the likelihood 
and consequential impact of genetic manipulation 
(including assisted evolution1134) is expected to grow 
rapidly over the next decade as scientific knowledge and 
manipulation techniques advance and the results from 
various trials of restoration and adaptation interventions 
(including coral gardening) become available. Likewise, 
there is a need for an improved understanding around 

Risks posed by several threats 
associated with direct use 
have increased; in other cases, 
management changes have 
mitigated risk increases

Figure 9.3 Threats with a changed risk level since 2014 
Threats that have a different risk level in 2019 compared to 2014 
are shown, as are threats added to the assessment in 2019. Seven 
threats are assessed as having a higher risk than in 2014. Where the 
change is only related to either the ecosystem or heritage values, 
this is indicated. One threat (disposal of dredge material) has a 
lower risk than in 2014, due to new management requirements that 
restrict some marine disposal of material from capital works.
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the nature, intensity, distribution and impact of the three new heritage-related threats — behaviour that affects 
intangible heritage values; fragmentation of cultural knowledge; and foundational capacity gaps — so associated risk 
levels and management responses may be better informed.

Reductions in assessed risk: The risk posed to the Region’s ecosystem and heritage values by disposal of dredge 
material has been lowered to medium (Figure 9.3). A reduced risk level is warranted given sea disposal of large 
amounts of capital dredge material is no longer allowed in the Marine Park (Section 5.7).

Unchanged risk levels: Ongoing and evolving management of direct use activities has, in general, resulted in stable 
risk levels for many associated threats. This effectiveness limits the risk of impacts on the Region’s values from oil and 
other chemical spills, exotic species, large vessel groundings and other threats. Nevertheless, further effort to limit 
and reduce very high and high-risk threats from direct use is still needed. For example, reducing illegal fishing and 
poaching and incidental catch of species of conservation concern remains a high priority. 

Climate change is an extremely significant influence on the Region, as reflected in the continued assessment of very 
high risk levels for the related threats (including sea-temperature increase and altered weather patterns). Similarly, risk 
levels for several coastal development-related threats have not changed since 2014. Barriers to flow and modification 
of coastal habitats continue to be of concern given the implications for functional connectivity among terrestrial, 
freshwater and marine ecosystems and the delivery of ecological services to the Region. 

9.3.6 Effectiveness of threat management 
It is widely acknowledged that many of the threats with the highest risk levels originate outside the Region. The 
overall risk associated with climate change (very high), coastal development (high) and land-based run-off (high) 
have remained the same as in the 2009 and 2014 Outlook Reports. However, the 
effectiveness of management in relation to climate change has continued to weaken 
(Figure 9.4, Sections 7.3.9 and 7.6). 

By contrast, positive management effectiveness gains have occurred for coastal 
development in almost all parts of the management cycle, and also for the inputs and 
outputs aspects of management of land-based run-off (Figure 9.4, Sections 7.3.10, 
7.3.11 and 7.6). Progress in reducing threats related to land-based run-off relies 
heavily on industry members voluntarily adopting best practice land management, and 
uptakes rates can be difficult to measure, accelerate and maintain. There are also time 
lags between on-ground action and better water quality outcomes in the Region (Sections 6.5 and 7.3.11). As a 
result, major improvements in effectiveness in terms of outcomes have not yet been realised for the Region’s values. 
Development of northern Australia (including parts of the Catchment) may be a future influence on the risk posed by 
threats from coastal development and land-based run-off (Section 6.4.2).

The overall risk to the Region from direct use remains medium (Figures 9.2 and 9.4). Among the many uses of the 
Region, ports and fishing have begun major reform processes during the last five years. Some positive achievements 
have occurred for ports in the early stages of implementation (Sections 5.7 and 7.3.4). Nevertheless, maintenance 
dredging and disposal can still be permitted and, with larger ships visiting the Region (Section 5.8), port related 
infrastructure and activities may need to evolve to accommodate larger ships. This may increase the risk of damage 
to the seafloor (for example, from increased ship anchoring and resuspension of sediments from ship propellers).

Some Region-wide threats 
have the highest risk levels 
and are being managed least 
effectively, particularly those 
related to climate change

A vessel pushed up on the shore by cyclone Debbie in 2017. 

© GBRMPA
Signs like this one at Cape Bowling Green help Reef users 
avoid fishing illegally. © GBRMPA
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Management effectiveness gains in relation to fishing are expected to strengthen over the next five years through 
implementation of the Queensland Sustainable Fisheries Strategy (Sections 5.4 and 7.3.3).892 Increasing coastal 
populations, changing demographics and expanding access in the north of the Catchment have the potential to 
increase risks associated with recreational fishing. This increased level of risk is based on recent information on rates 
of non-compliance with Marine Park zoning (Section 5.4.3). 

The effectiveness of management for shipping, defence and research activities is, overall, very good (Section 7.6). 

9.3.7 Cumulative impacts
The threats assessed individually in Figure 9.1 do not operate in isolation. Threats are connected through the 
geographic areas in which they occur, the timeframes in which they act, and the affect they have on the Region’s 

natural heritage value (habitats, species, ecosystem processes) and Indigenous, historic 
and other heritage values. Cumulative impacts result from the interaction of effects 
from one or more threats as well as past, present and reasonably foreseeable future 
influences.1467,1468

Impacts from a single threat can accumulate in a range of ways through time and 
space.1468,1474 For example, seagrass meadows can receive sequential influxes of 
sediment-laden floodwater, a coral reef may not fully recover from a cyclone or marine 
heatwave before being affected by another one, a single reef may receive nutrients 
in land-based run-off from multiple catchments simultaneously, and ecosystem and 

heritage values can be exposed to both acute and chronic (long-term) effects of climate change. Some threats build 
up slowly over decades, while exposure to others can occur as acute events over short periods of time.

Threats from climate change 
are having a critical and 
immediate impact on the Great 
Barrier Reef; they also intensify 
the effect of other threats

Figure 9.4 Management effectiveness, impacts and risk associated with factors influencing the Region’s values
Impact grades for the factors influencing the Region’s values (Chapters 5 and 6), the independent assessment of the 
effectiveness of current protection and management (Chapter 7), and overarching risk levels (Figure 9.2) are shown, including 
for component activities of direct use. The effectiveness grades are for the six elements of the management cycle (Chapter 7). 
The assessment for the topic of climate change is only in relation to management measures undertaken specifically to protect 
and manage the Reef. The influencing factors that present the highest overall risk to the Region’s values have their origins 
outside the Region. Higher risk also corresponds with uses and influencing factors that have both higher impact on values and 
weaker management effectiveness. 
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emissions

Agriculture; mining; 
urban, industrial, port and 
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Origin Global Great Barrier Reef 
Catchment Great Barrier Reef Region
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of existing 
measures
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Figure 9.5 Threats to ecosystem and heritage values are cumulative
Multiple threats, including those presenting high risk to the Region’s values, can affect an individual, species or habitat in multiple places and at 
multiple times. This exposure can combine to present a serious cumulative risk. The figure shows examples of location and lifecycle exposure.

The cumulative effect of multiple threats is even more complex. Assessing cumulative impacts requires consideration 
of the direct, indirect and consequential impacts of threats that originate in the Region, the Catchment and globally 
(Figure 9.2 and Figure 9.5).1475 On the Reef, coral reefs can be successively or simultaneously affected by crown-
of-thorns starfish, cyclones and bleaching from thermal stress. Similarly, modification of coastal ecosystems and 
physical barriers within waterways and overland flow paths can have cumulative consequences in terms of altered 
connectivity between land and sea.683,1476

It is important to understand the area and time scale at which impacts are occurring and the scope of response 
needed to manage the relevant threats and impacts.1474 Reef managers are increasingly likely to examine alternative 
strategies for management planning and intervention by using forecasting scenarios that explicitly consider climate, 
the global economy and other factors. Developing and implementing effective responses to cumulative impacts are 
areas of ongoing work for Reef managers, requiring continued evolution of policy and practical actions.1467,1468,1477,1478

The extent, nature and implications of the cumulative impacts on the Region’s ecosystems from disturbances over 
the past 10 to 15 years are not yet fully understood. However, the extensive coral bleaching events in 2016 and 
201788,91,141 highlighted the fragility of the system and the need to actively address climate change, continue efforts to 
support resilience, and reduce and manage all other threats (Chapters 6, 7 and 8).
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9.4 Assessment summary — Risks to the Region’s values
Paragraph 54(3)(d) of the Great Barrier Reef Marine Park Act 1975 requires ‘… an assessment of the risks to the 
ecosystem …’ within the Great Barrier Reef Region. 

Paragraph 116A(2)(b) of the Great Barrier Reef Marine Park Regulations 1983 requires ‘… an assessment of the 
risks to the heritage values …’ of the Great Barrier Reef Region. 

Separate risk assessments are provided for the Region’s ecosystem (natural heritage value) and its heritage values 
(Indigenous, historic and other) based on their current state and trends, factors influencing them, effectiveness of 
protection and management measures and an understanding of their overall resilience.

9.4.1 Risks to the Region’s ecosystem and heritage values
Grading statements — risks Trend since last report

Low risk
Given current 
management 
arrangements, any 
threats considered 
likely or certain to 
occur are predicted 
to have no more 
than insignificant 
consequences 
for the Region’s 
ecosystem or 
heritage values. 
There may be 
minor or moderate 
consequences 
for the Region’s 
ecosystem or 
heritage values for 
other less likely 
threats.

Medium risk
Given current manage-
ment arrangements, 
few of the threats 
considered likely or 
certain to occur are 
predicted to have mod-
erate consequences for 
the Region’s ecosys-
tem or heritage values 
and none will have 
catastrophic conse-
quences. Some unlikely 
threats may have major 
consequences for the 
Region’s ecosystem or 
heritage values.

High risk
Given current 
management 
arrangements, many 
of the likely or almost 
certain threats are 
predicted to have 
moderate or major 
consequences for the 
Region’s ecosystem or 
heritage values.

Very high risk
Given current 
management 
arrangements, there 
are likely or almost 
certain threats that 
are predicted to 
have catastrophic 
consequences for the 
Region’s ecosystem or 
heritage values.

 
Borderline
Indicates where a 
component or criterion 
is considered close to 
satisfying the adjacent 
grading statement. 

h 
n
i
0

Increased

Stable

Decreased

No consistent trend

Future trend 

h 
n

i
0

Increasing

Stable

Decreasing

No consistent trend

Confidence

Adequate high-quality 
evidence and high level of 
consensus

Limited evidence or 
limited consensus

Inferred, very limited 
evidence

Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

h
h
h
h

Overall 
risk to the 
ecosystem

Natural heritage values: The threats likely to affect the Region’s 
ecosystem in the future are increasing and compounding, placing the 
ecosystem at very high risk. The most serious risks arise from certain 
threats associated with climate change, land-based run-off, coastal 
development and some aspects of direct use (particularly fishing). Other 
threats relating to direct use are more effectively managed and of less 
overall risk to the Reef. 

h
h
h

Overall risk 
to heritage 
values

Indigenous, historic and other heritage values: Many heritage values 
are closely connected to the ecosystem. The projected risk to the 
Region’s heritage values from most threats are, therefore, the same as for 
the ecosystem. Heritage values are at very high and increasing risk. The  
most serious risks are climate change, land-based run-off, coastal 
development and some aspects of direct use. 

h
h
h
h

Climate 
change

Ecosystem: The risk from climate change has continued to increase  
and the associated threats and their impacts are increasingly observed  
in the Region. Risk is likely to increase in future due to emission 
trajectories and unavoidable future climate change, locked in by past  
and current emissions.

h
h
h

Heritage: The threats to the ecosystem associated with climate change 
flow on to present a serious risk to heritage values, particularly intangible 
Indigenous values and the Great Barrier Reef World Heritage Area’s 
outstanding universal value. 
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Grade and trend Confidence Criterion and component summaries

2009 2014 2019 Grade Trend

h
h
n
h

Coastal 
development

Ecosystem: Coastal development remains a serious risk to the Reef. 
The combined effect of modifications to coastal ecosystems across the 
Catchment is not irreversible but widespread and serious. The function of 
linked terrestrial–freshwater–estuarine–marine ecosystems is affected by 
barriers to flow and modification of coastal habitats. Artificial light from 
urban and industrial facilities and developments will continue to grow. 
Direct use creates demand for some aspects of coastal development. 
Further development of the northern portion of the Catchment is likely.

h
n
h

Heritage: Legacy and some contemporary changes in terrestrial coastal 
habitats as a result of coastal development will continue to affect the 
outstanding universal value and integrity of the world heritage property. 
Natural aesthetic values may also be further diminished, along with 
Indigenous heritage values.

n
i
n
i

Land-based 
run-off

Ecosystem: The continuing inputs of nutrients, sediments and pesticides 
and the time lag between reduced inputs and improved ecosystem 
condition, mean land-based run-off will continue to be a serious risk to 
the ecosystem. Marine debris from all sources is likely to remain a high 
risk. If outcomes from current management efforts in the Catchment can 
be accelerated, future risk is expected to decrease.

i
n
i

Heritage: Indigenous heritage values and the overall aesthetic value of 
wide areas of the Region will continue to be affected by declines in the 
condition of ecosystem values from pollutants carried by land-based 
run-off. Attributes of outstanding universal value will continue to diminish, 
especially in inshore areas. If outcomes from current management efforts 
in the Catchment can be accelerated, future risk is expected to decrease.

(non-
extractive)

(extractive)

h
h
h

Direct use 

Ecosystem: While some threats from direct use are of low risk to the 
Region’s values, others continue to pose a significant risk. Illegal fishing 
and poaching, extraction of predators and particle feeders, extraction 
from unidentified or unprotected spawning aggregations, incidental catch 
of species of conservation concern and discarded catch are all rated 
as high or very high risk. The escalating activity around active physical 
interventions in the Region (for example, coral gardening and assisted 
evolution) to support the resilience of the Reef has introduced more 
threats to consider.

h
n
h

Heritage: The risks that direct use presents to the ecosystem (and its 
associated natural beauty) are reflected in its risk to heritage values. 
Risks may arise from some threats that cause serious or irreversible 
damage to heritage sites and artefacts (for example, vandalism). The 
effects of fragmentation of cultural knowledge and undesirable behaviours 
at heritage sites are likely to continue, and may affect the ability of 
Traditional Owners to undertake cultural practices. 
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9.5 Overall summary of risks to the Region’s values
Based on current management, the Region’s ecosystem and heritage (natural, Indigenous, historic and other 
heritage) values face a range of increasing risks in the future. The identified threats to the Region’s values arise from 
a range of sources and are highly variable in both scale and timeframe. The close connections between ecosystem 
components and heritage values mean the projected risk for many threats is equivalent for both sets of values. The 

2019 risk assessment considers several threats not examined in 2014. These threats 
have been added either because of their emerging relevance to the Region or to better 
capture influences on heritage values.

The overall risk to both ecosystem and heritage values is very high, and has increased 
since 2014. The most serious threats are those associated with climate change, land-
based run-off, coastal development and some aspects of direct use (including the 
remaining impacts of fishing). 

The implications of global tipping points in the physical climate system are of urgent concern. Threats associated  
with climate change, such as increased sea temperatures, altered weather patterns, ocean acidification, and  
rising sea level, are expected to become increasingly severe in the future. Each impact will be compounded by 
the others, as well as by other existing regional and local threats. This amplifies the risk they pose to the Region’s 
ecosystem and heritage values. Significant impacts from sea temperature increases and extremes have already 
occurred in the Region.

Land-based run-off and coastal development are assessed as posing high risk overall. Nevertheless, some positive 
gains have been made since 2014 in management effectiveness for coastal development and land-based run-off, 

and the risk from associated threats may decrease somewhat over time as a result. 
Proposed development of the northern part of the Catchment could have significant 
implications for threats to the Region’s values. 

Management arrangements are keeping many risk levels stable; examples include the 
continued strong management of direct uses, such as defence, research activities and 
shipping. Direct use of the Region is assessed overall as a medium risk. However, at a 
more detailed level, some significant risks remain. Fishing activities contribute to multiple 
threats assessed as posing very high risk (illegal fishing and poaching and the incidental 
take of species of conservation concern) and high risk (discarded catch, extraction from 

unprotected or unidentified spawning aggregations, and extraction of particle feeders, predators and herbivores). 

Across the whole assessment, only one risk has decreased since 2014 — the risk posed by disposal of dredge 
material. It has decreased from high to medium because of new management measures that restrict disposal of 
material from capital dredging. Maintenance dredging remains an ongoing activity.

Community members viewed climate change, pollution (including marine debris), land-based run-off and fishing as 
among the greatest threats to the Region. Community concern about some threats, including marine debris and 
extreme weather events, appears to have increased since 2014.

There is a very real and present danger 
that the combination of threats present 
in the Region will continue to weaken 
the resilience of the Reef ecosystem. 
As a consequence, the Reef’s ability to 
recover from serious and increasingly 
frequent environmental disturbances 
(such as mass coral bleaching events) 
remains at high risk. The need for a 
combination of Reef-wide, regional 
and local solutions is well recognised, 
as is the importance of continuing to 
improve methods for understanding 
and responding to cumulative impacts. 

Of the very high risk  
threats, most relate to climate 
change or land-based run-off 
(water quality)

Threats identified as  
posing the highest risk are 
already affecting ecosystem 
and heritage values at a 
Region-wide scale

Painted sweetlips at Lizard Island. © Victor Huertas 2017
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<< People’s experiences when they visit, recreate and work in the Region may be different in the future. © Matt Curnock
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L O N G - T E R M  O U T L O O K

‘an assessment of the long-term outlook for the ecosystem…’ within the Great 
Barrier Reef Region, s 54(3)(h) of the Great Barrier Reef Marine Park Act 1975

‘an assessment of the long-term outlook for the heritage values…’ 
of the Great Barrier Reef Region, paragraph 116A(2)(f) of the 

Great Barrier Reef Marine Park Regulations 1983

10.1 Background
Chapters 2 to 9 of this Report provide the evidence to inform an assessment of the long-term outlook for the 
Region’s ecosystem and heritage values. Specifically, the long-term outlook discussed below is built from an 
understanding of: current condition and trend of the ecological (natural heritage value), economic, social and heritage 
(Indigenous and historic) values of the Region (Chapters 2, 3, 4 and 5); the factors influencing those values  
(Chapter 6); the effectiveness of protection and management measures (Chapter 7); the resultant resilience of the 
Region’s ecosystem and its heritage values (Chapter 8); and the risks the ecosystem and heritage values are facing 
(Chapter 9). Figure 10.1 summarises key findings from these chapters. 

The main influences on the long-term outlook for the Region include human-induced climate change, population 
growth, land-based run-off and direct use of the Region (Chapters 5 and 6). These drivers and pressures interact, 
resulting in cumulative effects on the condition and trend of values. 

Everyone’s actions are important. © GBRMPA, photographer: Pine Creek Pictures
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Figure 10.1 Summary of the findings underpinning the long-term outlook for the Region’s ecosystem and heritage values

Biodiversity
• The condition of seagrass meadows and coral reefs, the habitats most is known about, are 

assessed as being poor and very poor. Most other habitats are considered in good condition, 
although less is known about them and confidence in grades is lower.  

• Several species or groups of species have deteriorated since the last Outlook Report. Over half of 
those assessed are in poor condition and corals are in very poor condition. 

• Unprecedented declines in coral habitat since 2016 across the northern two-thirds of the Region 
have outweighed recovery.

• Inshore seagrass meadows have not recovered as quickly as expected since disturbances in 
2011–12.

• Heightened concerns exist for the future of loggerhead, hawksbill and northern green turtles, due to 
climate change and fishing pressures outside the Region.

• Humpback whale and southern green turtle populations continue to recover strongly.

Heritage values
• Declines in natural heritage values are affecting Indigenous and world heritage values.
• Commonwealth historic heritage and other heritage values (social, aesthetic and scientific)  

are being maintained.
• Outstanding universal value remains intact but is being increasingly challenged. 
• The size of the World Heritage Area is becoming less effective as a buffer to disturbance, particularly 

against the broadscale impacts of climate change.

Ecosystem health
• Sixty per cent of 31 assessed ecosystem health components remain in good to very good  

condition; the remainder are in poor to very poor condition.
• Region-wide deterioration has occurred in ecological processes, including symbiosis, recruitment 

and reef building. 
• Connectivity, which is crucial for recovery from disturbance, remains in good condition.
• Vegetation clearing in the Catchment continues to contribute to soil erosion and release of fine 

sediment into the Region.
• A crown-of-thorns starfish outbreak has persisted and expanded for almost a decade, causing 

significant coral damage across much of the Region.

Commercial and non-commercial use
• Marine tourism visitation has generally increased since 2014. 
• Fishing practices and management continue to improve. Sustainability concerns exist for some 

species and illegal fishing and poaching remain issues.
• Legislative changes have improved management of ports and shipping, reducing capital dredge 

material disposal and the risk of shipping incidents. Increasing size and numbers of ships  
continues to be a concern.

• Research and monitoring remain critical to effective management of the Region.

Outlook

2
CHAPTER

3
CHAPTER

4
CHAPTER

5
CHAPTER

Values

Values  |  Threats, responses and risks

Long-term outlook for the Region’s  
ecosystem and heritage values10

CHAPTER
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Existing protection and management
• Management of the Region is good across all six effectiveness criteria when considering the 14 

management topics as a group.
• The Reef 2050 Plan has improved jurisdictional consistency, coordination and resourcing across 

many management topics.
• Improvements within management topics are most notable for ports, heritage values and fishing.
• Declines in effectiveness occurred for some aspects of managing biodiversity values, climate 

change and recreational use (excluding fishing).
• Management challenges remain for complex, spatially extensive values such as biodiversity and 

threats from climate change, land-based run-off and fishing.
• Some threats (such as sea-temperature increase) are both global and national issues, not directly in 

the control of day-to-day Reef and Catchment managers. For other threats, recent plans have not 
had time to translate into outcomes (such as the Queensland Sustainable Fishing Strategy).

• Knowledge of ecosystem and heritage condition is not keeping pace with disturbance frequency, 
delaying management actions.

Risks
• Threats identified as posing the highest risk are already affecting ecosystem and heritage values at 

a Region-wide scale.
• The 10 threats identified in 2014 as presenting a very high risk to the Region’s ecosystem and 

heritage values are again the highest ranked. 
• Of the very high risk threats, most relate to climate change or land-based run-off (water quality).
• Direct use impacts are amplified by climate change and pose ongoing risk given the declining state 

of the Region’s ecosystem.
• Interest in habitat restoration and other interventions is increasing, and the risks posed by these 

activities are not yet well understood.
• Developing and implementing effective responses to cumulative impacts requires continued 

evolution of policy and practical actions.

Factors influencing the Region’s values
• Societal attitudes about the Reef are complex and influence behaviours and decision-making. 
• Overwhelmingly, climate change is the primary issue affecting the Reef, and its influence is 

increasing faster than previously predicted. 
• Increasing and record-breaking sea temperatures have affected the Region and pose the most 

immediate threat to values.
• Efforts to improve water quality entering the Region have resulted in a gradual reduction in 

some pollutants from the Catchment. However, water quality targets are not being met, which is 
compounding the effects of climate change and slowing recovery of inshore ecosystems. 

• Poor agricultural land management practices in the Catchment remain the greatest contributor to 
poor water quality.

• Past and current development (such as land clearing and modification of waterways) in the 
Catchment continues to affect the Region.

• Human population in the Catchment is expected to grow at 1.1 per cent per year, further increasing 
direct use of the Region (for example, tourism, recreation and recreational fishing). 

Resilience
• Case studies of some species show continuing recovery from past impacts, but concerns remain 

for other species. Humpback whales have demonstrated resilience by continuing to recover 
strongly since harvesting ended outside the Region. 

• Reef resilience is being severely compromised by global warming, which has resulted in mass 
mortality of adult coral and subsequent 89 per cent decline in coral recruitment.

• Loggerhead turtle recovery may be affected by low levels of juvenile recruitment.
• Community awareness and appreciation are important to the resilience of the Region’s historic 

and Indigenous heritage values. Lack of data makes the current state of heritage resilience 
difficult to quantify.

• The Region’s resilience has deteriorated due to an increased frequency of disturbances; 
ecological recovery from recent disturbances will take far longer as a result.

• Sea-temperature extremes and other threats will continue to undermine resilience.
• Management actions at all scales are needed to reduce drivers, support recovery and build 

resilience. For example, localised coral reef restoration efforts are increasing and the largest ever 
crown-of-thorns starfish control program is underway.

Threats, responses and risks

CHAPTER

6

7
CHAPTER

8
CHAPTER

9
CHAPTER
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10.2 Likely future trends 
Given the current state of the Region’s values, actions to reduce the highest risks have never been more time-critical. 
Strong mitigation actions within the next decade are necessary to achieve the best possible outlook for the Reef and 
future generations.1141 Specifically, early and effective global and national action on climate change, coupled with local 
actions to maintain condition and facilitate recovery from disturbances, are imperative over the next 10 years if the 
Region is to have a positive long-term outlook. 

10.2.1 Possible long-term futures for the Region
The condition of the Region is deteriorating due to anthropogenic global warming 
and other escalating drivers (such as population growth). Even a scenario of reduced 
greenhouse gas emissions that could restrict a global temperature increase to less than 
1.5 degrees Celsius (which is what the Reef needs) would still see substantial changes 
occurring to marine ecosystems and associated community benefits.1159 Future coral 
reefs are unlikely to be as diverse and colourful as they were a decade ago273, and the 
fish life seen while snorkelling and caught while fishing may also change. People and 
Reef-dependent industries need to prepare for this change. 

Figure 10.2 shows two possible futures for the Region, for the medium term (2030 to 2050) and long term (beyond 
2050). These possible long-term outlooks are indicative, and are based on information presented in preceding 
chapters of this report.

Whether the Region’s condition continues to deteriorate depends on a combination of immediate global action on 
climate change1129, effective management of remaining risks that originate within the Region and its Catchment, 
and the Region’s resilience. At a regional level, the rate and scale at which water quality can be improved is also a 
critical factor for coastal habitats. Locally, given a steadily increasing Catchment population, use of the Reef will grow, 
requiring effective and agile Marine Park management and compliance.

The Reef has limited capacity to adapt to the current rate of climate change. The scale of the threats posed by 
climate change means further change to the Reef ecosystem is inevitable. Notwithstanding the seriousness of the 
challenges the Region faces, there is still hope for its recovery if effective and timely mitigation of risks occur within 
the next decade. By protecting the environmental and heritage values of the Region, the lifestyles and livelihoods of 
the communities who live on its coastline and the intrinsic value to the global community will also be maintained. All 
actions that promote recovery processes and limit further decline will improve the Region’s long-term outlook.

10.2.2 Prospects for the outstanding universal value of the  
 Great Barrier Reef World Heritage Area
The spatial extent of the World Heritage Area has not changed. However, the Reef 
is being increasingly exposed to broadscale impacts that are affecting it at a regional 
level. Given the global scale of human-induced climate change, the size of the Region 
is becoming a less effective buffer to broadscale and cumulative impacts. While the 
property is still whole and intact, recent temperature extremes have forever changed 
the World Heritage Area and its integrity is deteriorating. World heritage attributes that 
remain in good condition at a Region-wide scale include the geographic scale and 
extent of the property, over half of the ecosystem processes, most habitats (noting large 
data gaps exist for many habitats) and some species components.

Outstanding universal value remains across all four criteria for which the Reef was inscribed on the World Heritage 
List. However, the condition of the property has deteriorated to varying extents with respect to criteria vii, viii, ix and x: 

• The beauty of underwater seascapes (criterion vii) is deteriorating (in terms of water clarity and coral reefs) 
and tourists surveyed believe the beauty of the Reef has declined since 2013.785

• Overall, there has been alteration of some elements important to major stages of the Earth’s evolutionary 
history (criterion viii) (Section 4.2.3).

• One third of the ecosystem processes assessed (criterion ix) are in poor to very poor condition (Chapter 3), 
including several critical processes essential for whole-of-system functioning (recruitment, symbiosis and 
reef building).

• Two of the Region’s most important habitats, seagrass meadows and coral reefs, support a high diversity 
of species including species of conservation concern (criterion x) and are in poor and very poor condition, 
respectively (Chapter 2). 

Actions taken now can 
influence the Reef’s  
future pathway 

The property’s outstanding 
universal value will be  
further impacted as the  
ocean continues on its rapid 
warming trajectory 
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2019 — Current Reef condition 
• World heritage values deteriorated
• Less diverse coral reefs and some reef  
 �sh declining

• Coral bleaching events and other
 impacts accumulating, and recovery
 time increasing

• Intensifying pressures are slowing
 seagrass meadow recovery

• Warmer temperatures cause more
 female and fewer male marine turtles 

• Indigenous heritage and community  
 wellbeing impacted 

• A stable nature-based tourism
 industry, but in restricted locations as
 areas recover post-disturbance

• Viable �shing industries, but lower
 catches post-disturbances 

2030 to 2050 — Possible Reef  
• World heritage elements
 signi�cantly deteriorated

• More drab looking reef with fewer 
 branching and plate corals 

• Fewer colourful reef �sh
• Loss and degradation of some
 seagrass meadows

• Annual marine heatwaves twice 
 as likely 

• Unreliable weather affects reef use
• More island-based and water sport
 tourism; less snorkelling and diving

• Fisheries may target different
 species, more disease prevalence 
 in �sh and crustaceans 

2050 onwards — Possible Reef  
• World heritage elements lost and
 not intact

• Coral reefs replaced with �atter,
 more drab, algal-dominated systems

• Major reductions in seagrass
 abundance

•  Mangroves shift shoreward in
 response to rising sea level 

•  Coastal protection reduced and
 coast less habitable

• Turtles, seabirds and dugong in
 rapid decline

• Annual marine heatwaves three
 times as likely
• Extreme weather events far more
 frequent 

• Irreversible impacts to Indigenous
 heritage and community wellbeing

• Fisheries may transition to new
 products and markets (algae and
 herbivorous �sh)

Time

Desired
long-term
outlook

Global average temperature

+1.5°C >1.5°C+1°C

Urgent and effective action on climate change

Accelerated actions in Catchment
- Widespread improved agricultural land 
 management practices
- Measurable and timely improvements
 in water quality

Required management actions
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Actions in Marine Park
- Enhanced compliance
- Risk-based spatial planning
- Effective restoration and intervention

Figure 10.2 Future pathways for the Great Barrier Reef Region 
The two outlook pathways shown provide examples of what the future might look like depending on whether key risks are adequately 
mitigated within required timeframes.96,1139,1141,1159,1172,1479 The pathways are indicative and based on a large body of evidence from the 
previous chapters. Reef condition and social values have already changed and will continue to change. The desired outlook pathway is still 
possible if global, regional and local mitigation and management actions are accelerated and implemented in time. 
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Previously, when the climate regime was considered more stable, protection and management approaches were 
generally considered to be effective in protecting the World Heritage Area. However, the Great Barrier Reef World 
Heritage Area, like other world heritage properties globally, is increasingly affected by anthropogenic climate 
change.1480 Australia and many other countries will find it increasingly challenging to deliver effective protection  
and management for their world heritage listed properties. To combat the deterioration of values, managers, 
Traditional Owners and stakeholders are increasingly intervening where the condition of critical habitats or species 
can be improved (Chapter 8). The most significant interventions for World Heritage Area values have been on the 
Reef’s islands, where active conservation actions have protected critical nesting habitats for vulnerable species  
and restored ecosystems.1481

While understanding of the Region’s heritage values remains far from comprehensive, an increased effort 
is progressing under the Reef 2050 Long-Term Sustainability Plan1482 to improve this knowledge base. 
Building on previous efforts, heritage values continue to be better defined, including aesthetic1010,1483 and 
geomorphological655,795,1484 attributes and Indigenous heritage814 values (Chapter 4).

10.3 Current and future initiatives to improve 
 the long-term outlook
Predicting the long-term outlook for the Reef remains a complex task. Threats to the 
Reef are multiple, cumulative and intensifying, requiring constantly evolving and agile 
management approaches. Finding increasingly effective ways to plan for, and respond 
to, the Reef’s rapidly changing environmental and social condition is essential. 

The assessment of the long-term outlook for the Region’s ecosystem and its heritage 
value includes consideration of current management arrangements and relevant 
management initiatives identified but not yet fully implemented (Figure 10.3). The future 
initiatives under the Reef 2050 Plan9,941, the Great Barrier Reef Blueprint for Resilience24, and the Reef 2050 Water 
Quality Improvement Plan527 set the framework for improving resilience-based management and protection of 
values. Also considered here are the future commitments of both the Australian and Queensland governments and 
partners under the Reef 2050 Plan.9

Several significant management initiatives have been in place for some time and continue to protect values and 
support resilience of the Region. In spite of this, the resilience of the Region is deteriorating. The scientific evidence is 
clear — the most urgent initiatives are those that will halt and reverse climate change at a global level and effectively 
improve water quality at the regional scale.1396 In addition, there is some scientific consensus that controlling crown-
of-thorns starfish populations is one of the most scalable and feasible on-ground actions for reducing coral mortality 
at local scales and enhancing Reef resilience in the face of increasing climate impacts.752,757

Engagement Ongoing and collaborative working relationships are the strongest they have ever been due to a 
greater collective understanding of pressures affecting the Region and shifting sentiments.857 Stewardship within the 
Region and continued on-ground initiatives to reduce risks and improve Reef and catchment health are important 
and make a collective difference. This continued approach will provide a strong foundation for maintaining a balance 
between protecting the Region’s values and supporting sustainable use.

Australian and Queensland government agencies, Traditional Owners and many other partners continue to make 
significant contributions to protecting and managing the Region. The scientific research community and multi-
generational ecological knowledge are both critical to inform effective management of the Region. A mature, 
independent and enduring research community and strong partnerships with Traditional Owners and Reef users are 
necessary to strengthen and enable effective management.

Many stakeholders and community members continue to participate in voluntary research and monitoring programs. 
These groups are becoming more active in delivering local management actions, such as removing marine debris and 
responding to marine animal strandings. Twelve Local Marine Advisory Committees, from Cooktown to Bundaberg, 
comprising more than 170 community members, continue to advise management agencies on local issues. A range 
of specialist advisory committees have been established since 2015 to advise government on matters relating to the 
Reef and help improve the quality, effectiveness and transparency of management actions. With increasing levels of 
partnership, local communities are undertaking specific actions to implement the Reef Blueprint.24

Environmental regulation Effective education and enforcement of current management tools, such as regulations, 
zoning plans, plans of management and permits, will continue to be important in reducing direct risks to the Region 
and supporting resilience of the Reef. To enable this, significant investment in the Reef Joint Field Management 
Program has increased the capability of marine and island national park management (Box 15). Initiatives are 
underway to transform Marine Park policy and planning and the regulatory framework, specifically to modernise the 
risk approach and make sure policies and plans are contemporary, pre-emptive and strategic so they can adapt to 
how people want to use and access the Reef in a sustainable manner.24,1485

Threats are multiple, 
cumulative and increasing, 
requiring constantly  
evolving and agile 
management approaches 
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Climate change
• Queensland Climate Transition Strategy and Queensland Climate 

Adaptation Strategy (2017) 
• Marine Park Authority  climate change position statement  — due for 

release 2019 
• Options paper on post-2020 action to transition Queensland to a zero 

net emissions economy by 2050
• National Environmental Science Program — long-term 

commitment to environment and climate research
• Clean Energy Finance Corporation and the Australian Renewable 

Energy Agency  — Reef funding program
• State-wide Land Restoration Fund — support for 

carbon-reduction projects

Queensland Climate Transition Strategy and Queensland
Adaptation Strategy (2017) 

• Marine Park Authority climate change position statementy —
release 2e 019 

• Options paper on post-2020 action to transition Queenslan
net emissions economy by 2050

• National Environmental Science Program long term

Renewa

• National Environmental Science Program— long-term 
commitment to environment and climate research

• Clean Energy Finance Corporation and the Australian R
Energy Agency— Reef funding program

• State-wide Land Restoration Fund— support for 
carbon-reduction projects

Direct Use
• Public moorings and reef protection markers — expanded network
• North-East Shipping Management Plan — revision due for 

release 2019 
• Port master plans and Maintenance Dredging Strategy for 

Great Barrier Reef World Heritage Area Ports 
• Vessel monitoring — for commercial �shing vessels  
• Traditional Use of Marine Resources Agreements — 

expanded coverage
• Marine debris reduction initiatives — national threat abatement 

plan, Marine Park Authority position statement, and funded 
citizen science programs

Improved resilience of the Great Barrier Reef Region

Overarching
• Reef 2050 Long-Term Sustainability Plan (2018) and Reef Trust investment
• Great Barrier Reef Blueprint for Resilience (2017)
• Reef 2050 Integrated Monitoring and Reporting Program
• Scienti�cally valid, ongoing monitoring involving the communityy , g g g g y

Heritage values
(Indigenous and historic)
• Aboriginal and Torres Strait Islander Heritage Strategy for the 

Great Barrier Reef Marine Park (2019) — increasing 
understanding and protection of Indigenous heritage

Climate change
• Queensland Climate Trans

Heritage values
(Indigenous and historic)
• Aboriginal and Torres Stra

Great Barrier Reef MarineGreat Barrier Reef Marine 
understanding and protec

Direct Use
• Public moorings and reef protection marker
• North-East Shipping Management Plan — r

release 2019 
• Port master plans and Maintenance Dredgin

Great Barrier Reef World Heritage Area Por
• Vessel monitoring — for commercial �shing

g• Traditional Use of Marine Resources Agreem
expanded coverage

• Marine debris reduction initiatives — nation
plan, Marine Park Authority position statem
citizen science programs

REEF RANGER

Coastal development and land-based run-off
• Reef 2050 Water Quality Improvement Plan (2018) 
• Queensland vegetation management laws and State Planning 

Policy
• Sustainable Ports Development Act 2015 (Qld) — management of 

port related development
• Wetlands in the Great Barrier Reef Catchments Management 

Strategy 2016–21

Natural heritage values
(biodiversity and ecosystem health)
• Reef Joint Field Management Program  — expanded biodiversity 

protection and enhanced compliance activities
• Queensland Sustainable Fisheries Strategy 2017-2027 — 

commitment to implementation and outcomes  
• Crown-of-thorns star�sh control  — expanded efforts to protect 

coral cover
• Islands and fringing reefs  — Queensland Government 

values-based framework for Queensland islands
• Reef Restoration and Adaption Program  — implementation

Figure 10.3 Current and future initiatives to improve the Region’s values and support resilience
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Expansion of island and marine 
park management capacity  
Since the last Outlook Report, the Reef Joint Field 
Management Program has received a number of funding and 
capacity increases. In 2017–18, the Australian and Queensland 
governments provided an additional $73.7 million over six 
years, with an ongoing commitment of a further $20.6 million 
per year. This is the largest expansion of the program since 
its inception in 1979. An additional $6 million has been 
put towards construction of a second 24 metre vessel and 
increased operating funds, which will enter service in 2019. 
The program also administers $5 million to $9 million annually 
from a number of sources to deliver additional field activities 
that would otherwise not be achievable, such as the Raine 
Island Recovery Project, expansion of Whitsunday Island visitor 
facilities and expansion of reef protection infrastructure. 

The program is responsible for practical, on-ground delivery of 
marine and island national park management. The additional 
funding will enable delivery of field activities identified in the 
Reef 2050 Plan and Reef Blueprint. The program’s on-water 
capacity has been drastically increased, growing from an 
annual base funding commitment of $17 million to over $38 
million in 2020–21. This funding will see more than a sixty per 
cent increase in staffing and an enhanced vessel fleet of more than 21 vessels (including two 24 metre vessels). 
This will enable an increased focus on compliance, island and reef restoration activities, incident response, 
collaboration with Aboriginal people and Torres Strait Islander people to deliver field activities, and engagment 
with Reef and island users. 

Knowledge, integration and innovation The independent management effectiveness review (Chapter 7) rated 
managers’ understanding of the Region and its stakeholders as the strongest element of management overall.  
This reflects the large body of collaborative research and monitoring effort undertaken to date. Despite this, 
researchers and managers are finding it increasingly difficult to maintain up-to-date knowledge of ecosystem and 
heritage condition, given the rate and cumulative nature of disturbances in the Region. Following the 2014 Outlook 
Report, a review of the available scientific and other knowledge about the Region 
was undertaken and gaps were identified. The resulting report, Science Strategy and 
Information Needs 2014–20196, summarises high-priority science needed to improve 
management of the Reef. This report will be updated following release of the 2019 
Outlook Report and will be critical to informing future research needs and resourcing.

Developing ways to understand and respond to the effects of cumulative impacts on 
the Region’s values remains paramount, and is guided by a Reef-wide policy released 
in 2018.1468 While implementation of this policy is underway1486, cumulative impact 
management of multiple uses in and adjacent to the Region remains a challenge, 
especially as some uses are highly regulated (ports and tourism) while others are not 
(recreational fishing). Escalating climate change pressures have heightened the importance of implementing this 
policy and progressing pre-emptive spatial planning in the Region and Catchment.

Agile approaches are needed to protect key values and prevent undesirable human use patterns becoming 
entrenched, unsustainable and hard to manage. To do this, managers require up-to-date spatial and temporal 
information on how and where people use the Region and the condition of associated local environmental, 
Indigenous and social values. Additionally, access to the best available science from a network of providers will 
continue to underpin management and allow evaluation of the effectiveness of actions. Access to relevant information 
on biological and human dimensions will be key to supporting evolving policies and spatial planning.

Effective Reef management 
will increasingly require  
access to integrated 
information on Reef condition, 
Catchment inputs and human 
use of the Region 

BOX 15

Rangers inspecting newly installed moorings at 
Yanks Jetty, Orpheus Island. © Queensland Parks 
and Wildlife Service 2019
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BOX 16

Bringing knowledge together for Reef management 
The vision for the Reef 2050 Integrated Monitoring and Reporting Program is to develop a knowledge system 
for resilience-based management of the Reef and its Catchment. It will also provide managers with an 
understanding of how the Reef 2050 Plan is progressing. 

Program development commenced in 2016 and more than 70 experts have been involved in the design of  
the program. A prototype, designed to be the first edition of the knowledge system, is scheduled for testing  
from mid–2019. 

Program development focuses on three knowledge system components:

• Collecting and integrating data: For 
the first time, access to information from 
monitoring and modelling of the Reef’s 
biophysical, social, economic, Indigenous 
and heritage values, as well as the drivers 
and pressures on those values, will occur 
through a centralised location. 

• Improving data access: Enabling access 
to data through the knowledge system 
requires meeting sufficient standards for 
data management collection and sharing. 
This is a complex task involving input from 
those involved in collecting Reef data and 
establishing technical infrastructure.

• Visualising data: The knowledge system 
will allow users to access consolidated and 
integrated information, becoming a ‘first-
stop-shop’ for Reef managers.

The program’s knowledge system is intended to enable the early detection of trends and changes in the Reef’s 
environment. The goal is to drive effective, efficient and transparent management decisions. The knowledge 
system will evolve in response to changes in the Reef’s condition, new science and technologies, and high-
priority needs of management and stakeholders. It will be used to guide day-to-day decisions, shape strategic 
policy and inform future Great Barrier Reef Outlook Reports. 

Implementing a Reef-wide integrated monitoring and reporting program that directly links to an outcomes-based 
management framework will underpin a transformative adaptive management approach. The Reef 2050 Integrated 
Monitoring and Reporting Program (RIMReP), which is under development by the Marine Park Authority and many 
partner agencies, aims to address integrated information needs for future management of the Reef (Box 16). The 
RIMReP monitoring program and online platform will provide access to up-to-date, reliable information to support 
pre-emptive planning and responsive management. For example, it will provide information to inform management 
and provide guidance on where to best target crown-of-thorns starfish culling and increased compliance efforts.

Given the increasing frequency of acute and chronic stressors, timely information on the health of key indicators and 
their trajectories (species, processes and human dimension values) over time and space is critical. Thresholds for 
ecosystem health and community wellbeing are being developed through RIMReP to measure condition and trend of 
values. Good alignment between what is measured, how it relates to relevant thresholds, and how that is meeting the 
desired outcomes for the Region’s values will provide the most powerful insight. 

There is also an immediate need to explore scalable and effective strategies and technologies for restoring degraded 
habitats.1026,1487 Research into reef restoration is being expanded under the Reef Restoration and Adaptation 
Program.1026 The program is currently investigating and developing feasible restoration techniques that can be applied 
at sufficient scale to have a positive effect on Reef condition. This will require a combination of discovery research 
and applied field testing. Given the connection to, and value of, the Region for Traditional Owners and the community, 
those undertaking restoration activities must understand and consider social attitudes. Information on how restoration 
activities can be effective at scale, while minimising harm, is important for researchers, managers and the community.

Investment in innovative field-based and desk-top technologies is needed to support improvements in monitoring and 
management. Increasing use of drones, night vision and vessel tracking will increase surveillance and enforcement of 
Reef rules. Currently, drones are providing increased and cheaper monitoring capability and aerial mapping. Use of 
underwater acoustic technology in compliance is an emerging innovation1488, which could be used to detect fishing 
vessels in areas where access or fishing is prohibited.

Monitoring programs provide vital information on reef health, 
such as the extent and severity of coral bleaching.  
© Tane Sinclair-Taylor
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Grading statements — long-term outlook Trend since last report

Very good
The values are likely 
to remain healthy 
and resilient for 
the foreseeable 
future with strong 
recovery at damaged 
locations. Additional 
management 
intervention is not 
required to maintain 
the values.

Good
With only minor 
additional management 
intervention, the values 
are likely to remain 
generally healthy 
and resilient for the 
foreseeable future, 
with only some values 
showing signs of 
significant deterioration.

Poor
Without significant 
additional management 
intervention, some 
of the values will 
deteriorate in the next 
25 years and only a 
few values are likely to 
be healthy and resilient 
in the longer term.

Very poor
Without urgent and 
effective additional 
management 
intervention, the values 
are likely to deteriorate 
rapidly with the loss 
of most values in the 
longer term.

 
Borderline
Indicates where a 
component or criterion 
is considered close to 
satisfying the adjacent 
grading statement. 

h 
n
i
0

Improved

Stable

Deteriorated

No consistent trend

Future trend 

h 
n
i
0

Improving

Stable

Deteriorating

No consistent trend

Confidence

Adequate high-quality 
evidence and high level of 
consensus

Limited evidence or 
limited consensus

Inferred, very limited 
evidence

10.4.1 Outlook for the Region’s ecosystem
Grade and trend Confidence Criterion summary

2009 2014 2019 Grade Trend

i i

Outlook for the ecosystem: The Reef has fundamentally changed since 2009. The threats 
affecting the Region’s ecosystem (natural heritage values) are increasing, compounding and 
expanding in scale; they are driven strongly by climate change. Multi-jurisdictional solutions and 
on-ground management involving stakeholders and the community are highly valuable. However, 
outcomes are being undermined by climate change. The window of opportunity to influence 
the Reef’s long-term future is now. Strong, effective management actions are urgent at global, 
regional and local scales.

10.4.2 Outlook for the Region’s heritage values
Grade and trend Confidence Criterion summary

2009 2014 2019 Grade Trend

i

Outlook for heritage values: Many of the Region’s heritage values are closely tied to the 
condition of the ecosystem. The projected risk to these values from most threats is, therefore, 
the same as for the ecosystem. The most serious risks to the Region’s heritage value are from 
climate change, land-based run-off, coastal development and some aspects of direct use. 
Identification and monitoring of the broad range of Indigenous, historic and other heritage values 
is not yet well established. Greater shared knowledge of heritage values among the Region’s 
managers, Traditional Owners and stakeholders is critical to ensuring recognition and continued 
protection of those values.

10.4 Assessment summary — Long-term outlook
Paragraph 54(3)(h) of the Great Barrier Reef Marine Park Act 1975 requires ‘… an assessment of the long-term 
outlook for the ecosystem …’ within the Great Barrier Reef Region. 

Paragraph 116A(2)(f) of the Great Barrier Reef Marine Park Regulations 1983 requires ‘… an assessment of the 
long-term outlook for the heritage values …’ of the Great Barrier Reef Region.

i

i

i

i
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10.5 Overall summary of long-term outlook
The Great Barrier Reef is already a changed system — the effects of climate change are happening now. The 
Region’s current long-term outlook is for continued deterioration: this could be altered with urgent and coordinated 
actions to curb greenhouse gas emissions. The Region’s short to medium-term future will be determined by the 
actions of many within the next five to 10 years. By 2030, or within the next decade, without timely and effective 
management actions a declining outlook for the Region will continue to manifest. Every action taken to improve Reef 
health and reduce drivers, threats and impacts is critical. 

The Region was at a crossroads in 2009, with an opportunity for the right decisions to protect the Reef into the 
future. In 2014, assessments indicated all threats needed to be reduced to prevent the Region’s overall condition 
worsening from poor. Since then, the outlook for the Region’s ecosystem has become very poor. The outlook is no 
longer about forecasting the effects of climate change; the Region and those people dependent on it are already 
experiencing climate change and, as a result, a changed and less resilient Reef. 

The current rate of global warming will not allow the maintenance of a healthy Reef for future generations.  
Increasingly frequent temperature extremes are the highest and most immediate risk, significantly affecting a range of 
species and habitats on a Region-wide scale. In turn, Traditional Owners’ enduring connection to sea country and the 
quality and quantity of economic and social benefits the Reef provides to all people who value, enjoy or depend on it 
are being affected. 

The Reef can recover from major impacts if its broader resilience is high and it experiences adequate disturbance-
free periods. However, disturbances are becoming more frequent and are undermining recovery in many places. 
Mitigation of threats and resilience-based management on global and local scales remains essential to reinvigorating 
recovery of the system. 

Everything possible should be done to create recovery windows for the Reef. Current efforts that are effective in 
ensuring that use is sustainable and compliant with environmental protection rules should be continued. Catchment 

management actions aimed at reducing pollution in land-based run-off are not working 
fast enough and a significant step change is needed to accelerate improvement in the 
quality of water flowing into the Reef. 

In 2015, one of the greatest multi-jurisdictional efforts to protect the Reef, the Reef 2050 
Plan, was implemented. Progress has occurred in many areas, including sustainable port 
development and sustainable fisheries management, however, the full benefits of this 
improved planning are still to be seen. Although beyond the scope of the Reef 2050 Plan, 
demonstrable effective global, national and local efforts to mitigate climate change are 
needed urgently within the next decade if the Reef is to recover and persist. 

At local and regional levels, direct management actions do reduce some pressures. 
Localised ecosystem recovery is being observed in some areas, but it is slow. Additional 
actions to address all threats — large and small, widespread and local — are imperative, 
and many people and organisations play a critical role. At a broader scale, efforts to 
improve water quality entering the Reef have gradually reduced land-based pollutants 
in some areas. Multi-agency efforts to explore tangible and scalable reef restoration and 
adaptation measures have begun to create a suite of innovative and targeted measures 
that may provide large-scale options for management in future. However, the success of 
restoration efforts depends on favourable Reef conditions for growth and recovery, which 
will not occur unless the rate of anthropogenic climate change is halted and reversed. 

Catchment population growth is likely to increase people’s use of the Reef. Compliance 
incidents, such as fishing in no-take areas, are affecting biodiversity and reducing 
the Region’s resilience. Therefore, marine policies and planning that aim to protect 
representative areas while allowing for multiple use will need to be agile and responsive to 
changing use patterns and disturbances. 

Given the accumulation of these and many other risks (Chapter 9), broad, multi-
jurisdictional management actions that involve the community and behaviour change 
are essential. The Reef 2050 Plan has made progress in this direction. A comprehensive 
review of the plan in 2020 will need to address the findings of this Outlook Report to 
continue the transformational progress required within the critical time window (the next 
10 years). 

As a social-ecological system, the health of the Reef ecosystem will continue to have 
both impacts on, and benefits for, the community (socially, culturally and economically). 
Society will need to play a pivotal and urgent role in mitigation and adaptation to support 
the Region’s resilience. It is important not to lose optimism by thinking the job is too big, 
or to think that a changed Reef is far in the future — actions taken now will matter. 

Every action taken to improve 
Reef health and reduce drivers, 
threats and impacts is critical

Given the global scale of 
human-induced climate 
change, the size of the Region 
is becoming a less effective 
buffer to broadscale and 
cumulative impacts

The Reef can recover 
from major impacts if its 
broader health is strong and 
disturbance-free periods are 
long enough

The success of restoration 
efforts depends on favourable 
Reef conditions for growth 
and recovery, which will 
not occur unless the rate of 
anthropogenic climate change 
is halted and reversed

The challenge is big, but not 
insurmountable – actions taken 
now will matter
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Appendix 1  Statutory requirements for the 
   Outlook Report

Extract from the Great Barrier Reef Marine Park Act 1975
Great Barrier Reef Outlook Report

(1)  The Authority must prepare and give to the Minister a report in relation to the Great Barrier Reef Region every 5 years.  
The first report must be given to the Minister by 30 June 2009.

(2)  The report must be prepared in accordance with the regulations (if any).

Content of report

(3)  The report must contain the following matters:
(a)  an assessment of the current health of the ecosystem within the Great Barrier Reef Region and of the ecosystem 

outside that region to the extent it affects that region;
(b)  an assessment of the current biodiversity within that region;
(c)  an assessment of the commercial and non-commercial use of that region;
(d)  an assessment of the risks to the ecosystem within that region;
(e)  an assessment of the current resilience of the ecosystem within that region;
(f)  an assessment of the existing measures to protect and manage the ecosystem within that region;
(g)  an assessment of the factors influencing the current and projected future environmental, economic and social values of 

that region;
(h)  an assessment of the long-term outlook for the ecosystem within that region;
(i)  any other matter prescribed by the regulations for the purposes of this paragraph.

Peer-review

(4)  The Minister must arrange for the content of the report to be peer-reviewed by at least 3 persons who, in the Minister’s 
opinion, possess appropriate qualifications to undertake the peer-review. The peer-review must occur before the report is 
given to the Minister.

Report to be tabled in Parliament

(5)  The Minister must cause a copy of each report to be tabled in each House of the Parliament within 15 sitting days of that 
House after the day on which the Minister receives the report.

Extract from the Great Barrier Reef Marine Park Regulations 2019
Part 18—Application, saving and transitional provisions 

256 References to old regulations 

(1)  In this Division, the old regulations are the Great Barrier Reef Marine Park Regulations 1983.

266 Application of section 176 

(1)  Section 176 applies to the Great Barrier Reef Outlook Report for 2024 and later such reports. 

(2)  Despite the repeal of regulation 116A of the old regulations, that regulation continues to apply, after the commencement of 
this instrument, in relation to the Great Barrier Reef Outlook Report for 2019.

A P P E N D I C E S
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Extract from (repealed) Great Barrier Reef Marine Park Regulations 1983
Part 4AB — Reporting requirements

116A Great Barrier Reef Outlook Report

(1)  For paragraph 54(3)(i) of the Act, an assessment of the heritage values of the Great Barrier Reef Region is prescribed as a 
matter that must be contained in the Great Barrier Reef Outlook Report.

(2)  An assessment of the heritage values, of the Great Barrier Reef Region, includes the following:

(a)  an assessment of the current heritage values of the region;
(b)  an assessment of the risks to the heritage values of the region;
(c)  an assessment of the current resilience of the heritage values of the region;
(d)  an assessment of the existing measures to protect and manage the heritage values of the region;
(e)  an assessment of the factors influencing the current and projected future heritage values of the region;
(f)  an assessment of the long-term outlook for the heritage values of the region.

(3)  In this regulation:
 heritage values, of the Great Barrier Reef Region, include the following values for the region:

(a)  the Commonwealth Heritage values;
(b)  the heritage values;
(c)  the indigenous heritage values;
(d)  the National Heritage values;
(e)  the world heritage values.



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 275

Appendix 2  Key changes since the Outlook Report 2014
Chapter 1 — About this report 

• New term added – Great Barrier Reef ‘Catchment’ is used throughout the report. The capitalisation distinguishes the 
term from river catchments. 

• Section 266 of the Great Barrier Reef Marine Park Regulations 2019 provides a transitional provision. Despite the 
repeal of regulation 116A of the Great Barrier Reef Marine Park Regulations 1983, that regulation continues to apply 
to the 2019 Outlook Report. 

• Headers, including ‘state and trend’ have been amended to ‘condition and trend’ throughout the report  
for consistency.

Chapter 2 — Biodiversity 

• Open water component has been renamed Water column, to clarify the habitat is the entire water body rather than a 
specifically offshore habitat. The scope of what is assessed remains consistent. 

• Macroalgae and Benthic microalgae components have been combined and amended to Benthic Algae to enable 
consolidated discussion of all three types of benthic algae.

Chapter 3 — Ecosystem health

• Sedimentation component has been renamed adding ‘exposure’ to the title. The updated component name Sediment 
exposure reflects the process and emerging use of this term more widely. 

• Term amended – Terrestrial habitats that support the Great Barrier Reef, the term terrestrial habitats has  
been replaced with Coastal ecosystem to be consistent with the Marine Park Authority’s position statement  
released in 2018. 

• Extent of woody vegetation clearing has been added to the assessment of ‘Coastal ecosystems that support the Great 
Barrier Reef’.

Chapter 4 — Heritage values

• New terms defined – domains, components and attributes. 
• Heritage assessment framework has been restructured. 
• Historic heritage values – the assessment has been refined. Places on the Commonwealth Heritage List continue to be 

a standalone assessment. Also, the combined grades of the Commonwealth heritage lightstations are assessed with 
Other historic lightstations. 

• Section on Benchmarking outstanding universal value has been deleted. This section was not a component that was 
assessed and graded. The Australian Government’s State Party periodic report addresses this framework. Appendix 3 
has been added. 

• A broad assessment of the world heritage integrity test has been added in Appendix 4.

Chapter 5 — Commercial and non–commercial use

• Shipping has been moved from Section 5.5 to Section 5.8 for readability of common elements with ports in  
Section 5.7. 

Chapter 6 — Factors influencing the Region’s values

• Vulnerability of heritage values has been merged into a single section covering all four factors influencing the Region’s 
values to enhance the readability of common elements.

• Coastal development component has been amended adding ‘in the Catchment’ to the title. The original title implied 
the assessment was restricted to development on the coastline, whereas agricultural land uses (cropping and grazing) 
occur throughout the Catchment. 

Chapter 9 — Risks to the Region’s values

• New threats have been added to the risk assessment to identify key emerging threats and some specific threats to 
Indigenous heritage values. 

Appendices

• The order of the appendices has been revised. 
• Appendix 1 – updated regulatory provisions have been added.
• Appendix 3 – the content has been replaced with a table mapping Outlook Report components to the elements of the 

Reef’s outstanding universal value. 
• Appendix 4 – an assessment of the world heritage integrity test has been added. 
• Appendix 6 – definitions of the new threats in the risk assessment have been added. 
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Appendix 3  Complementary assessments 
   — linking the Outlook Report to the 
   Great Barrier Reef’s outstanding 
   universal value
The Outlook Report assesses around 87 components within a broad analysis of the Great Barrier Reef’s natural, Indigenous and 
historic heritage value. This table maps these components against the Reef’s outstanding universal value28, and outlines where 
the assessment within the Outlook Report is broader than an assessment of outstanding universal value.

The Statement of the Outstanding Universal Value of the Great Barrier Reef World Heritage Area28 is the official statement 
adopted by the World Heritage Committee outlining how the property meets the criteria for outstanding universal value (OUV). 
The following excerpts from the statement indicate the attributes considered to contribute to the property’s outstanding 
universal value. The Great Barrier Reef Region Strategic Assessment1446 Section 7.6.1, introduced an assessment of the Reef’s 
outstanding universal value based on 38 attributes (in parentheses). The table below includes the current criteria (italic text in 
parentheses) as well as the original criteria (italic text in square brackets) applied at the time of inscription. Many Outlook Report 
components address several attributes and may be listed more than once in the left column.

Outlook Report 2019 
Components 

World Heritage Area 
Great Barrier Reef World Heritage Area

Statement of outstanding universal value: 38 attributes 

(vii) contain superlative natural phenomena or areas of exceptional natural beauty and 
aesthetic importance

[iii] unique, rare or superlative natural phenomena, formations or features or areas of 
exceptional natural beauty, such as superlative examples of the most important 
ecosystems to man

2.3.5 Coral reefs
2.4.4 Corals
2.4.7 Bony fishes
4.5.1 Social heritage values
4.5.2 Aesthetic heritage values
8.3.1 Coral reef case study

(1) Superlative natural beauty above and below the water 

(2) Some of the most spectacular scenery on Earth 

(3) One of a few living structures visible from space 

(4) A complex string of reefal structures along Australia’s north-east coast 

(5) Unparalleled aerial panorama of seascapes comprising diverse shapes and sizes 

(10) Beneath the ocean surface, there is an abundance and diversity of shapes, sizes and 
colours ... Spectacular coral assemblages of hard and soft corals 

(11) Thousands of species of reef fish provide a myriad of brilliant colours,  
shapes and sizes 

(12) The internationally renowned Cod Hole is one of many significant tourist attractions

2.3.1 Islands
2.3.2 Beaches and coastlines
2.4.10 Marine turtles
2.4.12 Seabirds
4.2.2 Natural beauty and phenomena
8.3.5 Loggerhead turtles case study

(6) Whitsunday islands provide a magnificent vista of green vegetated islands and white 
sandy beaches spread over azure waters 

(8) On many of the cays there are spectacular and globally important breeding colonies of 
seabirds and marine turtles 

(9) Raine Island is the world’s largest green turtle breeding area 

2.3.3 Mangrove forests
2.3.2 Beaches and coastlines
2.4.1 Mangroves
3.5.1 Saltmarshes
3.5.2 Freshwater wetlands
3.5.3 Forested floodplain
3.5.4 Heath and shrublands
3.5.5 Grass and sedgelands
3.5.6 Woodlands and forests
3.5.7 Rainforests 

(7) Vast mangrove forests in Hinchinbrook Channel, or the rugged vegetated mountains 
and lush rainforest gullies 

2.3.5 Coral reefs
2.4.3 Corals 
2.4.10 Marine turtles
2.4.14 Whales
8.3.1 Coral reef case study
8.3.5 Loggerhead turtles case study
8.3.7 Humpback whales case study 

(13) Superlative natural phenomena include the annual coral spawning, migrating whales, 
nesting turtles, and significant spawning aggregations of many fish species 
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Outlook Report 2019 
Components 

World Heritage Area 
Great Barrier Reef World Heritage Area

Major stages of the Earth’s evolutionary history (viii)

(viii) be outstanding examples representing major stages of Earth’s history, including the 
record of life, significant ongoing geological processes in the development of landforms, 
or significant geomorphic or physiographic features

[i] outstanding examples representing the major stages of the Earth’s evolutionary history

3.4.8 Reef building
4.2.3 Major stages of the Earth’s 
 evolutionary history

(14) Globally outstanding example of an ecosystem that has evolved over millennia 

(15) Area has been exposed and flooded by at least four glacial and interglacial cycles, and 
over the past 18,000 years reefs have grown on the continental shelf 

(16) Today, the Great Barrier Reef forms the world’s largest coral reef ecosystem ... Including 
examples of all stages of reef development 

(17) Processes of geological and geomorphological evolution are well represented, linking 
continental islands, coral cays and reefs 

3.2.1 Currents 
3.2.2 Cyclones and wind
3.2.3 Freshwater inflow
3.2.4 Sediment exposure
3.2.5 Sea level 
3.2.6 Sea temperature 
3.2.7 Light 
3.3.2 Ocean pH (acidity) 
3.3.3 Salinity 
3.4.8 Reef building

(18) The varied seascapes and landscapes that occur today have been moulded by 
changing climates and sea levels, and the erosive power of wind and water, over  
long time periods 

2.3.9 Continental slope
2.3.10 Water column

(19) One-third of the Great Barrier Reef lies beyond the seaward edge of the shallower reefs 
(and) comprises continental slope and deep oceanic waters and abyssal plains 

Ecological and biological processes (ix)

(ix) be outstanding examples representing significant ongoing ecological and biological 
processes in the evolution and development of terrestrial, fresh water, coastal and marine 
ecosystems and communities of plants and animals

[ii] outstanding examples representing significant ongoing geological processes, biological 
evolution and man’s interaction with his natural environment

2.3.1 Islands
2.3.5 Coral reefs
2.3.8 Halimeda banks
2.4.4 Corals
3.4.8 Reef building 
3.3.2 Ocean pH (acidity) 
8.3.1 Coral reef case study

(20) Significant diversity of reef and island morphologies reflects ongoing geomorphic, 
oceanographic and environmental processes 

(25) Biologically the unique diversity of the Great Barrier Reef reflects the maturity of an 
ecosystem that has evolved over millennia; evidence exists for the evolution of hard 
corals and other fauna 

3.2.1 Currents 
3.2.2 Cyclones and wind
3.4.10 Connectivity 

(21) Complex cross-shelf, longshore and vertical connectivity is influenced by dynamic 
oceanic currents 

3.3.1 Nutrient cycling 
3.4.1 Microbial processes 
3.4.2 Particle feeding 
3.4.3 Primary production 
3.4.5 Predation
3.4.6 Symbiosis 
3.4.7 Recruitment 

(22) Ongoing ecological processes, such as upwellings, larval dispersal and migration 

3.2.2 Cyclones and wind
3.2.4 Sediment exposure
3.4.4 Herbivory 
3.4.8 Reef building 
3.4.9 Competition 

(23) Ongoing erosion and accretion of coral reefs, sand banks and coral cays combine with 
similar processes along the coast and around continental islands 

2.3.8 Halimeda banks
(24) Extensive beds of Halimeda algae represent active calcification and accretion over 

thousands of years 

2.4.12 Seabirds
2.4.13 Shorebirds
2.3.1 Islands
3.4.7 Recruitment

(26) Vegetation on the cays and continental islands exemplifies the important role of birds ... 
in seed dispersal and plant colonisation 
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Outlook Report 2019 
Components 

World Heritage Area 
Great Barrier Reef World Heritage Area

Habitats for conservation of biodiversity (x)

(x) contain the most important and significant natural habitats for in situ conservation 
of biological diversity, including those containing threatened species of outstanding 
universal value from the point of view of science or conservation

[iv] habitats where populations of rare or endangered species of plants and animals  
still survive

2 Biodiversity 
3 Ecosystem Health 
2.4.3 Benthic algae (includes  
 macroalgae and microalgae) 

2.4.5 Other invertebrates
2.4.6 Plankton and microbes
2.4.7 Bony fish 
2.4.8 Sharks and rays
2.4.9 Sea snakes 
2.4.11 Estuarine crocodiles
2.4.12 Seabirds
2.4.13 Shorebirds
8.3.3 Black teatfish case study
8.3.4 Coral trout case study

(28) One of the richest and most complex natural ecosystems on Earth, and one of the most 
significant for biodiversity conservation 

(29) Tens of thousands of marine and terrestrial species, many of which are of global 
conservation significance

2.3.5 Coral reefs
2.4.3 Corals 
8.3.1 Coral reef case study

(30) The world’s most complex expanse of coral reefs ... Contain some 400 species of 
corals in 60 genera 

2.3.3 Mangrove forests
2.4.1 Mangroves

(31) Large ecologically important inter-reefal areas. The shallower marine areas support half 
the world’s diversity of mangroves 

2.3.4 Seagrass meadows
2.4.2 Seagrasses

(32) Large ecologically important inter-reefal areas. The shallower marine areas support … 
many seagrass species 

2.4.16 Dugongs
8.3.6 Urban coast dugongs 
 case study

(33) Waters also provide major feeding grounds for one of the world’s largest populations of 
the threatened dugong 

2.4.14 Whales
2.4.15 Dolphins
8.3.7 Humpback whales case study 

(34) At least 30 species of whales and dolphins occur here 

(35) A significant area for humpback whale calving

2.3.1 Islands
2.4.10 Marine turtles
2.4.12 Seabirds
2.4.13 Shorebirds
8.3.5 Loggerhead turtles case study

(36) Six of the world’s seven species of marine turtle occur in the Great Barrier Reef. As well 
as the world’s largest green turtle breeding site at Raine Island, the Great Barrier Reef 
also includes many regionally important marine turtle rookeries

(37) Some 242 species of birds have been recorded in the Great Barrier Reef. Twenty-
two seabird species breed on cays and some continental islands, and some of these 
breeding sites are globally significant

(38) The continental islands support thousands of plant species, while the coral cays also 
have their own distinct flora and fauna

4.3.6 Integrity

7 Existing protection and  
 management

Related to assessment of integrity of the property’s outstanding universal value

  Broader than outstanding universal value

4.3 Indigenous heritage values 
5.9 Traditional use of marine  
 resources

(27) Human interaction with the natural environment is illustrated by strong ongoing links 
between Indigenous people and their sea country, and includes numerous shell deposits 
(middens) and fish traps, plus the application of story places and marine totems

2.2 Legacies and shifted baselines
3.6 Outbreaks of disease,  
 introduced species and pest  
 species
4.4 Historic heritage values
5 Commercial and 
 non-commercial use 
6 Factors influencing the  
 Region’s values
7 Existing protection and  
 management
8.5 Heritage resilience (Indigenous  
 and historic heritage value) 
9 Risks to the Region’s values
10 Long-term outlook
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Appendix 4 Integrity test — Great Barrier Reef 
   World Heritage Area
Integrity of the Great Barrier Reef is a measure of the wholeness and intactness of the property’s natural heritage value.781 The 
integrity test involves the interaction with people, therefore, management and domestic policies are an element of the integrity 
test (unlike the assessment undertaken for the four world heritage criteria, which is about condition and trend of elements or 
components that make up a criterion). The test is broad and cuts across all the world heritage criteria and natural heritage 
attributes of the Reef. The test can also prioritise and consider the key aspects of a functioning system to gauge the integrity of 
the property. An overall integrity grade is included in Section 4.6.1. 

Integrity score

  
Very good

  
Good

  
Poor

  
Very poor

  
Borderline

World heritage criteria and 
integrity test criteria 

Assessment Integrity score

(vii) Natural beauty and natural phenomena

The Great Barrier Reef 
depends on scenic beauty 
as a value and areas that 
are integrally linked to the 
maintenance of the aesthetic 
qualities of the property

The aesthetic value and naturalness of the world heritage property are heavily reliant on the 
condition of the Region’s biodiversity (Chapter 2) and ecosystem health (Chapter 3). The 
wholeness and intactness of the Reef’s aesthetic attributes, above and below the water, 
are in good condition overall. But many elements which contribute to this criterion (such 
as clear water and bright colourful reef fish) are deteriorating. Some critical elements of 
natural phenomena, such as coral spawning, have deteriorated on a broad scale due to 
significant loss of coral broodstock following back-to-back bleaching events in 2016 and 
2017. The criterion overall is considered good borderline poor. Quantifying the condition of 
this attribute on a Region-wide scale is difficult as it relies upon the state of the system, its 
appearance and perceptions of beauty. 

(viii) Major stages of the Earth’s evolutionary history

The Great Barrier Reef 
contains all or most of 
the key interrelated and 
interdependent elements in 
their natural relationships 

At a Region-wide scale the Reef continues to provide outstanding examples of the  
Earth’s evolutionary history and geomorphological diversity. However, unprecedented 
recent disturbances will have long-lasting effects. Processes that influence reef  
formation and maintain sediment accumulation on reef islands (for example, ocean 
acidification, sea temperature and sea-level rise) have deteriorated since 2014. The 
processes are intensifying in a negative way due to climate change, and pose the 
greatest threat to the Reef’s contemporary geomorphology. Further deterioration of this 
element may occur if supporting physical and chemical processes continue to alter the 
geomorphology of the Region. 

(ix) Ecological and biological processes

The Great Barrier Reef is a 
sufficient size and contains 
the necessary elements to 
demonstrate the key  
aspects of processes that 
are essential for the long-
term conservation of the 
ecosystems and the biological 
diversity they contain

The condition of key processes that interlink and operate to keep the ecosystem 
functioning are assessed in Chapter 3. Ecological processes have not ceased to operate, 
although processes that are fundamental to a functioning ecosystem (such as symbiosis, 
recruitment and reef building) are considered to be in poor condition and are causing 
the good grade to be borderline with poor. Multiple disturbances have transformed the 
ecosystem on a broad scale and cumulatively hindered recovery. Historically, the Region’s 
size has provided a buffer to periodic and dispersed damage due to its broad latitudinal 
extent. However, given the global scale of human-induced climate change, the size of the 
Region is becoming a less effective buffer to some broadscale impacts. Deterioration has 
been more rapid and widespread than was evident in the period 2009 to 2014. 

(x) Habitats for conservation of biodiversity

The Great Barrier Reef is 
one of the most important 
properties for the 
conservation of biological 
diversity and those that 
contain habitats for 
maintaining the most diverse 
fauna and flora characteristic 
of the bio-geographic 
province and ecosystems 
under consideration

As a value distributed throughout the whole of the property, habitats to support species 
continue to deteriorate and are assessed as poor overall. Habitats for conservation  
of biodiversity face growing direct threats and external pressures. Safeguard measures 
to mitigate climate change are essential for the long-term conservation of the ecosystem. 
Declines in key habitats have been more rapid and widespread than was evident in  
the period 2009 to 2014. An emerging field of science around intervention and  
restoration measures has established since 2014, but many measures are yet to be fully 
tested or implemented.
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World heritage criteria and 
integrity test criteria 

Assessment Integrity score

Safeguarding (protection and management)

The Great Barrier Reef World 
Heritage Area has adequately 
delineated boundaries 

The size of the world heritage property has remained consistent since inscription, at about 
348,000 square kilometres. The Region’s size is becoming a less effective buffer to some 
broadscale impacts. A buffer zone to the boundary of the World Heritage Area has never 
been a feature of the property. However, the Wet Tropics World Heritage Area provides 
an upstream buffer to a small part of the property. The health of the adjacent coastal 
ecosystems which link to the property, influences the Reef’s outstanding universal value. 

The Great Barrier Reef is 
adequately protected at the 
national, regional, municipal, 
and/or traditional level by 
legislative, regulatory and 
contractual measures. 
Appropriate management 
plans are in place,  
specifying how the 
outstanding universal  
value of the property will  
be preserved 

Adequate regulatory controls continue to be in place to protect and manage direct use of 
the property (Chapter 7). Aspects of management effectiveness for some management 
topics have improved since 2014 (ports, defence, shipping and research). However, 
management effectiveness has declined in some areas, particularly for complex and 
spatially broad topics (climate change and biodiversity). Complementary management 
arrangements between the Australian and Queensland governments strengthen the 
regulatory protection of outstanding universal value. The zoning regime of the Reef 
encompasses about 33 per cent of the World Heritage Area in ‘no-take’ or ‘no-entry’ zones. 
The Environment Protection and Biodiversity Conservation Act 1999 (Cth) also provides 
protection and management of potential impacts from proposed actions outside the World 
Heritage Area that may significantly impact on its values. External pressures from global 
drivers, such as climate change, remain the greatest threat to the World Heritage Area and 
other properties globally. 
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Appendix 5 Indicators used to assess 
   management effectiveness 
To determine the effectiveness of management for each management topic, 49 indicators were considered across the six 
management elements. 

Understanding of context

• The values of the Reef relevant to managing the topic are understood by managers.
• The current condition and trend of values relevant to managing the topic are known by managers.
• Impacts (direct, indirect and cumulative) associated with the managing the topic are understood by managers.
• The broader (national and international) level influences relevant to managing the topic are understood by managers.
• The stakeholders relevant to managing the topic are well known by managers.

Planning

• There is a planning system in place that effectively addresses the topic.
• The planning system for the topic addresses the major factors influencing the Region’s values.
• Actions for implementation regarding management of the topic are clearly identified within the plan.
• Clear, measurable and appropriate objectives for management of the topic have been documented.
• There are plans and systems in place to ensure appropriate and adequate monitoring information is gathered in  

relation to the topic.
• The main stakeholders and/or the local community are effectively engaged in planning to address the topic.
• Sufficient policy currently exists to effectively address the topic.
• There is consistency across jurisdictions when planning for the topic.
• Plans relevant to the topic provide certainty regarding where uses may occur, the type of activities allowed or 

specifically disallowed, conditions under which activities may proceed and circumstances where impacts are likely to 
be acceptable.

Financial, staffing and information inputs

• Financial resources are adequate and prioritised to meet management objectives to address the topic.
• Human resources within the managing organisations are adequate to meet specific management objectives to  

address the topic.
• The right skill sets and expertise are currently available to the managing organisations to address the topic.
• The necessary biophysical information is currently available to address the topic.
• The necessary socioeconomic information is currently available to address the topic.
• The necessary Indigenous heritage information is currently available to address the topic.
• The necessary historic heritage information is currently available to address the topic.
• There are additional sources of non-government input (for example, volunteers) contributing to address the topic.

Management systems and processes

• The main stakeholders and industries are effectively engaged in the ongoing management of the topic.
• The local community is effectively engaged in the ongoing management of the topic.
• There is a sound governance system in place to address management of the topic.
• There is effective performance monitoring, including regular assessment of appropriateness and effectiveness of tools, 

to gauge progress towards the objectives for management of the topic.
• Appropriate training is available to the managing agencies to address management of the topic.
• Management of the topic is consistently implemented across the relevant jurisdictions.
• There are effective processes applied to resolve differing views/conflicts regarding management of the topic.
• Impacts (direct, indirect and cumulative) of activities associated with the topic are appropriately considered.
• The best available biophysical research and monitoring information is applied appropriately to make relevant 

management decisions regarding the topic.
• The best available socioeconomic research and monitoring information is applied appropriately to make relevant 

management decisions regarding the topic.
• The best available Indigenous heritage information is applied appropriately to make relevant management decisions 

regarding the topic.
• The best available historic heritage information is applied appropriately to make relevant management decisions 

regarding the topic.
• Relevant standards are identified and being met regarding management of the topic.
• Targets have been established to benchmark management performance for the topic.
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Delivery of outputs

• To date, the actual management program (or activities) have progressed in accordance with the planned work program 
for the topic.

• Implementation of management documents and programs relevant to the topic have progressed in accordance with 
timeframes specified in those documents.

• The results have achieved their stated management objectives for the topic.
• To date, products or services have been produced in accordance with the stated management objectives for the topic.
• Effective knowledge management systems regarding the topic are in place within agencies.
• Effective systems are in place to share knowledge on the topic with the community.

Achievement of outcomes

• The relevant managing agencies are to date effectively addressing the topic and moving towards the attainment of the 
desired outcomes.

• The outputs relating to management of the topic are on track to ensure the values of the Reef are protected.
• The outputs for management of the topic are reducing the major risks and the threats to the Reef.
• Use of the Reef relating to the topic is demonstrably environmentally sustainable.
• Use of the Reef relating to the topic is demonstrably economically sustainable.
• Use of the Reef relating to the topic is demonstrably socially sustainable, in terms of understanding and enjoyment.
• The relevant managing agencies have developed effective partnerships with local communities and stakeholders to 

address the topic.
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Appendix 6 Threats to the Region’s values
The set of current and likely threats to the Region’s ecosystem and heritage values (its natural, Indigenous, historic and other 
heritage values) considered in the risk assessment (Chapter 9) was developed from the evidence presented in the preceding 
chapters of this report (particularly 5 and 6), taking into account input from Reef scientists and managers and the outcomes of 
various community surveys. The 45 threats considered are listed in the table below. The table also provides a comparison with 
those assessed in the 2014 Outlook Report. As far as possible, the threats and their descriptions are consistent with those used 
in 2014; differences are shown in bold in the 2019 column.

Outlook Report 2019 (45 threats) Outlook Report 2014 (41 threats)

Acid sulfate soils: Exposure of acid sulfate soils Acid sulphate soils: Exposure of acid sulphate soils

Altered ocean currents: Climate change induced altered  
ocean currents

Altered ocean currents: Climate change induced altered  
ocean currents

Altered weather patterns: Climate change effects on weather patterns 
(e.g. cyclones, wind, rainfall, air temperature), includes both chronic 
and acute aspects

Altered weather patterns: Climate change effects on weather patterns 
(e.g. cyclones, wind, rainfall, air temperature)

Artificial light: Artificial lighting, including from resorts, industrial 
infrastructure, mainland beaches and coastlines, vessels and ships 

Artificial light: Artificial lighting, including from resorts, industrial 
infrastructure, mainland beaches and coastlines, vessels and ships 

Atmospheric pollution: Pollution of the atmosphere related to 
domestic, industrial and business activities in both the Region and 
adjacent areas. The contribution of gases, such as carbon dioxide to 
climate change is not included as this is encompassed under threats, 
such as sea-temperature increase and ocean acidification

Atmospheric pollution: Pollution of the atmosphere related to 
domestic, industrial and business activities in both the Region and 
adjacent areas. The contribution of gases, such as carbon dioxide to 
climate change is not included as this is encompassed under threats, 
such as sea temperature increase and ocean acidification

Barriers to flow: Artificial barriers to riverine and estuarine flow (e.g. 
dams, weirs, breakwalls, gates, roads and linear infrastructure)

Barriers to flow: Artificial barriers to riverine and estuarine flow (e.g. 
dams, weirs, breakwalls and gates)

Behaviour impacting heritage values: Disturbance of, or damage 
to, the values of intangible Indigenous and historic heritage site 
through inappropriate presence of people. Examples include: 
visitation to locations considered dangerous or sensitive in 
Indigenous culture; access by people of culturally inappropriate 
gender or seniority; overly high visitor traffic levels at Indigenous 
sites open to visitation (e.g. creating too much noise); and 
disrespectful behaviour or activities at Indigenous and historic 
heritage sites (e.g. burial areas)

Damage to reef structure: Physical damage to reef benthos (reef 
structure) through actions, such as snorkelling, diving, anchoring and 
fishing, but not vessel grounding (assessed separately)

Damage to reef structure: Physical damage to reef benthos (reef 
structure) through actions, such as snorkelling, diving, anchoring and 
fishing, but not vessel grounding 

Damage to seafloor: Physical damage to non-reef benthos (seafloor) 
through actions, such as trawling and anchoring

Damage to seafloor: Physical damage to non-reef benthos (seafloor) 
through actions, such as trawling and anchoring

Discarded catch: Immediate or post-release effects (such as death, 
injury, reduced reproductive success) on discarded species (non-
retained catch) as a result of interactions with fishing gear. Does not 
include species of conservation concern (assessed separately)

Discarded catch: Immediate or post-release effects (such as death, 
injury, reduced reproductive success) on discarded species as a 
result of interactions with fishing gear. Does not include species of 
conservation concern

Disposal of dredge material: Disposal and resuspension of  
dredge material 

Disposal of dredge material: Disposal and resuspension of  
dredge material 

Dredging: Dredging of the seafloor Dredging: Dredging of the seafloor 

Exotic species: Introduced exotic species from aquaculture 
operations, hull fouling, ballast release, biocontrol, translocation 
of other marine species, and release of aquarium specimens to 
the Region, plus the introduction of weeds, pests and feral animals 
to islands. Includes both new introductions and outbreaks 
of previously introduced exotic species. Does not include 
considerations covered under the ‘genetic modification’ threat

Exotic species: Introduced exotic species from aquaculture 
operations, hull fouling, ballast release, and release of aquarium 
specimens to the Region, plus the introduction of weeds, pests and 
feral animals to islands

Extraction from spawning aggregations: Retained take (extraction) of 
fish from unidentified or unprotected spawning aggregations

Extraction from spawning aggregations: Retained take (extraction) of 
fish from unidentified or unprotected spawning aggregations

Extraction of herbivores: Retained take (extraction) of herbivores (e.g. 
some fishes, molluscs, dugongs, green turtles) through commercial 
and non-commercial uses

Extraction of herbivores: Retained take (extraction) of herbivores (e.g. 
some fishes, molluscs, dugongs, green turtles) through commercial 
and non-commercial uses

Extraction of particle feeders: Retained take (extraction) of particle 
feeders (filter feeders, detritivores) through commercial and 
non-commercial uses

Extraction of particle feeders: Retained take (extraction) of particle 
feeders (filter feeders, detritivores) through commercial and 
non-commercial uses

Extraction of predators: Retained take (extraction) of predators (e.g. 
sharks, fish) through commercial and non-commercial uses

Extraction of predators: Retained take (extraction) of predators (e.g. 
sharks, fish) through commercial and non-commercial uses
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Outlook Report 2019 (45 threats) Outlook Report 2014 (41 threats)

Foundational capacity gaps: Lack of capacity of Traditional 
Owners to exercise their Indigenous heritage (cultural) rights by 
accessing and managing their land and sea country. Relates to 
capacity of Traditional Owners and their groups, and is not about 
loss of knowledge or about access restrictions or conflicting 
use. Potential impacts include those on the enduring connection 
Traditional Owners have with their land and sea country and 
on the maintenance of culture and the transfer of knowledge 
to younger generations (e.g. reduced opportunities to conduct 
knowledge transfer)

Fragmentation of cultural knowledge: Loss and fragmentation 
of knowledge of tangible and intangible heritage values (e.g. as 
Indigenous Elders age and young people leave their traditional 
land and sea country, or availability of specialist skills in historic 
heritage preservation declines)

Genetic modification: Genetic modification of native species, 
manipulation of natural genotype frequencies (e.g. through 
translocations or intentional/unintentional releases of 
specimens), and products of synthetic biology 

Grounding — large vessel: Grounding of large vessels (>50m), 
including physical damage and the dislodging of antifoulants 

Grounding large vessel: Grounding of large vessels (>50m), including 
physical damage and the dislodging of antifoulants 

Grounding — small vessel: Grounding of small vessels (<50m), 
including physical damage and the dislodging of antifoulants 

Grounding small vessel: Grounding of small vessels (<50m), including 
physical damage and the dislodging of antifoulants 

Illegal activities — other: Illegal activities, such as entering a protected 
or restricted area, illegal release of industrial discharge, shipping 
outside of designated shipping areas, and removal or damage 
of artefacts (e.g. ship anchors, stone implements), scar trees, 
middens, fish traps, burial grounds, stone arrangements, art work 

Illegal activities — other: Illegal activities, such as entering a protected 
or restricted area, illegal release of industrial discharge, shipping 
outside of designated shipping areas 

Illegal fishing and poaching: Illegal fishing, collecting and poaching Illegal fishing and poaching: Illegal fishing, collecting and poaching

Incidental catch of species of conservation concern: Immediate or 
post-release effects (such as death, injury, reduced reproductive 
success) of interactions of species of conservation concern with 
fishing gear

Incidental catch of species of conservation concern: Immediate or 
post-release effects (such as death, injury, reduced reproductive 
success) of interactions of species of conservation concern with 
fishing gear

Incompatible uses: Activities undertaken within the Region that 
disturb or exclude other users, such as recreational use in areas 
important for cultural activities

Incompatible uses: Activities undertaken within the Region that 
disturb or exclude other users, such as recreational use in areas 
important for cultural activities

Marine debris: Manufactured material discarded, disposed of 
or abandoned in the marine and coastal environment (including 
discarded fishing gear, plastics, and abandoned or damaged 
equipment and infrastructure)

Marine debris: Manufactured material discarded, disposed of 
or abandoned in the marine and coastal environment (including 
discarded fishing gear and plastics)

Modifying coastal habitats: Clearing or modifying wetlands, 
mangroves and other coastal ecosystems in the Catchment or 
inshore areas or on islands 

Modifying coastal habitats: Clearing or modifying wetlands, 
mangroves and other coastal habitats 

Noise pollution: Noise from human activities, both below and  
above water

Noise pollution: Noise from human activities, both below and  
above water

Nutrient run-off: Nutrients from diffuse land-based run-off Nutrient run-off: Nutrients from diffuse land-based run-off

Ocean acidification: Decreasing pH of the Region’s waters Ocean acidification: Decreasing pH of the Region’s waters

Outbreak of crown-of-thorns starfish: Outbreak of  
crown-of-thorns starfish

Outbreak of crown-of-thorns starfish: Outbreak of  
crown-of-thorns starfish

Outbreak of disease: Outbreak of disease, both naturally occurring 
and introduced

Outbreak of disease: Outbreak of disease, both naturally occurring 
and introduced

Outbreak of other species: Outbreak or bloom of naturally occurring 
species other than crown-of-thorns starfish

Outbreak of other species: Outbreak or bloom of naturally occurring 
species other than crown-of-thorns starfish

Pesticide run-off: Pesticides (including herbicides, insecticides, 
fungicides) from diffuse land-based run-off

Pesticide run-off: Pesticides (including herbicides, insecticides, 
fungicides) from diffuse land-based run-off

Sea-level rise: Rising sea level Sea level rise: Rising sea level

Sea-temperature increase: Increasing extreme and average  
sea temperatures 

Sea temperature increase: Increasing sea temperature

Sediment run-off: Sediments from diffuse land-based run-off Sediment run-off: Sediments from diffuse land-based run-off

Spill — large chemical: Chemical spill that triggers a national or 
regional response or is more than 10 tonnes (includes substances, 
such as sugar)

Spill — large chemical: Chemical spill that triggers a national or 
regional response or is more than 10 tonnes 
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Outlook Report 2019 (45 threats) Outlook Report 2014 (41 threats)

Spill — large oil: Oil spill that triggers a national or regional response 
or is more than 10 tonnes (includes all petroleum products)

Spill — large oil: Oil spill that triggers a national or regional response 
or is more than 10 tonnes

Spill — small: Chemical or oil spill that does not trigger a national or 
regional response and is less than 10 tonnes. Includes materials 
(liquids and solids) used in attempts to restore or protect marine 
habitats but not materials considered under ‘Marine debris’ 

Spill — small: Chemical or oil spill that does not trigger a national or 
regional response and is less than 10 tonnes

Terrestrial discharge: Terrestrial point-source discharge  
(including within ports), such as polluted water, sewage,  
wastewater and stormwater

Terrestrial discharge: Terrestrial point-source discharge, including 
polluted water, sewage, wastewater and stormwater

Vessel strike: Death or injury to wildlife as a result of being struck by a 
vessel of any type or size

Vessel strike: Death or injury to wildlife as a result of being struck by a 
vessel of any type or size

Vessel waste discharge: Waste discharge from a vessel  
(including sewage)

Vessel waste discharge: Waste discharge from a vessel  
(including sewage)

Wildlife disturbance: Disturbance to wildlife (including from 
snorkelling, diving, fish feeding, walking on islands and beaches, and 
the presence of boats and drones); not including noise pollution 

Wildlife disturbance: Disturbance to wildlife, including from 
snorkelling, diving, fish feeding, walking on islands and beaches, and 
the presence of boats; not including noise pollution 
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Appendix 7 Criteria for ranking likelihood and consequence of  
 threats to the Region’s values
A standard set of criteria allows comparison of different types of threats within a single risk assessment, based on the likelihood 
and consequence of each threat. The likelihood and consequence of each predicted threat is ranked on the five-point scale 
described below.

Likelihood Expected frequency of a given threat

Almost certain Expected to occur more or less continuously throughout a year

Likely Not expected to be continuous but expected to occur one or more times in a year

Possible Not expected to occur annually but expected to occur within a 10-year period

Unlikely Not expected to occur in a 10-year period but expected to occur in a 100-year period

Rare Not expected to occur within the next 100 years

Consequence scale
Based on current management

Consequence Ecosystem (natural heritage) Heritage (Indigenous, historic  
and other)

Broad scale Local scale

Catastrophic Impact is clearly affecting, or 
would clearly affect, the nature of 
the ecosystem over a wide area. 
Recovery periods greater than 20 
years likely.

— Impact is destroying or has the 
potential to destroy, a class or 
collection of heritage places on a 
large scale; or is clearly affecting, 
or would clearly affect, a range of 
heritage values over a wide area.

Major Impact is, or would be, significant at 
a wider scale. Recovery periods of 10 
to 20 years likely. 

Impact is, or would be, extremely 
serious and possibly irreversible to a 
sensitive population or community. 
Condition of an affected part of  
the ecosystem possibly irretrievably 
compromised.

Impact is adversely affecting, or 
would adversely affect, the heritage 
values of a number of places; destroy 
individual heritage places of great 
significance; or significantly affect the 
heritage values over a wide area.

Moderate Impact is, or would be, present 
at a wider scale, affecting some 
components of the ecosystem. 
Recovery periods of five to 10  
years likely.

Impact is, or would be, serious and 
possibly irreversible over a small  
area. Recovery periods of 10 to 20 
years likely.

Impact is affecting, or would affect, 
individual heritage places or values of 
significance; or affect to some extent 
the heritage values at a wider scale.

Minor Impact is, or would be, not discernible 
at a wider scale. Impact would not 
impair the overall condition of the 
ecosystem, or a sensitive population 
or community, over a wider level.

Impact is, or would be, significant to a 
sensitive population or community at 
a local level. Recovery periods of five 
to 10 years likely.

Impact is affecting, or would affect, 
heritage places or values of local 
significance, but not at a wider scale. 
Impact would not impair the overall 
condition of the heritage values.

Insignificant No impact; or if impact is, or would 
be, present then only to the extent 
that it has no discernible effect on the 
overall condition of the ecosystem.

No impact; or if impact is, or would 
be, present then only to the extent 
that it has no discernible effect on the 
overall condition of the ecosystem.

No impact; or if impact is, or would 
be, present then only to the extent 
that it has no discernible effect on the 
heritage values; or positive impact.

Risk matrix legend
Likelihood and consequence is combined to determine risk level, consistent with the principles and guidelines of the Australian 
Standard for risk management (AS/NZS ISO 31000:2018). Risk is considered to be residual — the risk that remains once existing 
management measures have been taken into consideration.

Consequence

Likelihood Insignificant Minor Moderate Major Catastrophic

Almost certain Low Medium High Very high Very high

Likely Low Medium High High Very high

Possible Low Low Medium High Very high

Unlikely Low Low Low Medium High

Rare Low Low Low Medium High
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Appendix 8 Assessment of risks to the Region’s values
The assessment of the 45 threats is provided first for the Region’s ecosystem (natural heritage values) and then for its heritage 
values (Indigenous, historic and other heritage). The description of each threat is included in Appendix 6. 

Risks to the ecosystem

Potential threats — ecosystem Likelihood Consequence Risk

Acid sulfate soils: Future coastal development in the Catchment in certain locations and 
intertidal areas creates possible risk of exposure to acid sulfate soils. Post-storm removal 
of vessels marooned in coastal mangroves and dredging can also expose these soils. Once 
disturbed, if not treated, acidic water and heavy metals would continue to be released during 
rain events over decades, if not longer, causing effects that may be irreversible in a small area.

Possible Moderate

Altered ocean currents: A major change in oceanic currents of the Reef over the next few 
decades is unlikely. However, an increase in the speed and southern extent of the East 
Australian Current has already been observed. Major changes to ocean currents would 
have widespread and potentially irreversible implications for biodiversity, including through 
implications for connectivity and recruitment.

Almost 
certain

Moderate

Altered weather patterns: A number of weather aspects are predicted to change as a result 
of climate change, including the frequency and intensity of cyclones, floods and heatwaves 
(acute events) and changes in wind patterns and average rainfall and temperatures (chronic 
effects). For example, cyclones, a natural process in tropical regions, are predicted to become 
more severe, but less frequent, under current climate change scenarios. Severe cyclones have 
significant broadscale effects, with recovery times of at least 10 to 20 years. 

Almost 
certain

Major

Artificial light: Growth in shipping and urban and industrial development is likely to continue 
to increase the amount of artificial light. The main known issue is the effect on turtle hatchlings’ 
orientation, including where artificial light leads to misdirection, aggregation and increased 
predation. Current hotspots for elevated light near turtle nesting beaches include the Woongarra 
coast, Gladstone and Mackay. Other impacts include effects on fish behaviour, including on 
juvenile fish and the orientation of pelagic species around vessel lights, and potential effects on 
seabird behaviour.

Almost 
certain

Moderate

Atmospheric pollution: Projected increases in urban and industrial development are likely to 
increase the local contribution of atmospheric pollution, including the potential for more frequent 
impacts from coal dust at loading ports. Atmospheric pollution may start to affect some values 
into the future, however, effects are expected to be minor. The contribution of gases, such 
as carbon dioxide, to climate change is excluded here as this is encompassed under climate 
change related threats.

Possible Minor

Barriers to flow: Artificial barriers in the Catchment will continue to affect estuarine systems 
and connectivity. There are concerns that fisheries productivity is reduced by reduced 
connectivity and freshwater flow. 

Almost 
certain

Moderate

Behaviour impacting heritage values: Only assessed for heritage values.

Damage to reef structure: There is likely to be damage from anchors, diving and snorkelling 
throughout the year. Marine debris, including from poorly secured equipment, may also cause 
damage. Damage from these sources is now occurring within a context of declined coral reef 
condition in many areas. If recreational vessel ownership and ease of access to the Region 
increase without a continued corresponding increase in education and supporting infrastructure 
(including reef protection markers and public moorings) it is likely damage will increase. 

Almost 
certain

Moderate

Damage to seafloor: Current levels of trawling activity pose low risk to shallow (<90m) habitats 
at a Reef-wide scale, given existing protection through zoning, but local effects may be higher 
in intensely trawled areas. Consequences could increase if trawl fishing effort increases under 
more favourable economic conditions. Some areas are affected by ship anchoring.

Almost 
certain

Minor

Discarded catch: The discard of non-retained catch from fishing activities is predicted to 
occur continuously, with combined broadscale consequences for populations of species 
commonly caught. Although equipment, such as bycatch reduction devices, assists animals to 
escape from fishing gear, these and other interactions have associated risk of stress and injury 
(immediate and post-release effects). 

Almost 
certain

Moderate

Risk score

  
Low

  
Medium

  
High

  
Very high
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Potential threats — ecosystem Likelihood Consequence Risk

Disposal of dredge material: Disposal of major amounts of dredge material from capital works 
is no longer allowed in the Marine Park. The frequency and volume of disposal of maintenance 
dredge material in the Region is likely to increase as already approved expansions and 
development continue to occur at priority ports. The disposal and resuspension of sediment 
affects the condition of values at a local-scale, adding further pressure to already declining 
inshore ecosystems. Uncertainty around the broader effects on the Region’s values remains. 

Likely Minor

Dredging: While maintenance dredging is expected to occur at least one or more times per year 
in the Region, capital dredging is not expected to occur annually and only at priority ports with 
existing permissions. The consequence for biodiversity within the footprint of the dredging site 
would be serious and possibly irreversible. 

Likely Minor

Exotic species: Despite technological improvements for better detection and prevention, the 
projected increases in shipping, recreational visitation to islands, resort redevelopment and 
conservation intervention activities, make the transport and (re)introduction of exotic species 
likely. Some activities facilitate outbreaks of existing infestations. Consequences depend on 
the particular exotic species but are likely to be serious in a small area, such as adjacent to a 
marina or port, or on an island. Competition with, or predation of, native species is common.

Likely Minor

Extraction from spawning aggregations: While a number of fish spawning aggregations  
are currently protected, some fishing effort is targeted at unprotected aggregations.  
Targeting of spawning aggregations can have implications for recruitment and future population 
sizes of the species.

Likely Moderate

Extraction of herbivores: Herbivorous fishes and molluscs are not the primary target of most 
commercial and recreational fishing. The aquarium supply industry collects some species, a 
modest trochus harvest fishery is still in place, there is some spearfishing take, and discards 
occur in the trawl fishery (see Discarded catch). Current take of herbivorous fishes is low and is 
unlikely to become very common. Traditional hunting of green turtles and dugongs is currently 
managed in a number of areas under Traditional Use of Marine Resources Agreements, and 
more agreements may be implemented in the future. Although not continuous through the year, 
traditional hunting is likely to occur several times a year with potential effects at a small-scale. 

Likely Minor

Extraction of particle feeders: Commercial, recreational and traditional fisheries that extract 
particle feeders are projected to continue, with the potential for the trawl fishery effort to 
increase under current management arrangements. The resilience and biology of these species 
generally allow them to be sustainably extracted if appropriately managed. Saucer scallops 
have experienced significant decline and are now considered recruitment overfished.

Almost 
certain

Moderate

Extraction of predators: Trends in fishing effort are predicted to remain stable, with effects at 
a wider level likely to require recovery periods of five to 10 years for most species. Some shark 
species extracted through the East Coast Inshore Fin Fish Fishery have life history traits that 
lend themselves to sustainable exploitation. A range of other top predators are slow breeding 
and extraction is likely to have at least moderate consequences. The network of no-take 
zones has already benefited populations of some predators. However, for larger, more mobile 
predators, benefits are limited. 

Almost 
certain

Moderate

Foundational capacity gaps: Only assessed for heritage values.

Fragmentation of cultural knowledge: Only assessed for heritage values.

Genetic modification: Manipulation and modification of coral genetics is an accelerating area 
of research in the search for ways to increase the resilience of reefs to high sea temperatures, 
decreased ocean pH and other stressors. Potential negative impacts and, therefore, overall risk 
are not well understood. Major impacts could occur when modified organisms are released into 
the wild or attempts to influence genotype frequencies are implemented. 

Possible Minor

Grounding — large vessel: Despite projected increases in shipping and reports of skipper 
fatigue, it is considered that current management of shipping, including the vessel traffic 
service, significantly reduces the likelihood of groundings. They are, therefore, not predicted to 
occur every year but possibly once in 10 years. Cruise ships and superyachts are an increasing 
presence in the Region. Groundings can have extremely serious impacts on biodiversity at the 
site with long recovery periods, and longer term and broader scale effects due to dispersal of 
antifouling paint. 

Possible Moderate

Grounding — small vessel: Small vessel groundings are expected to continue to occur 
throughout the year and increase as recreational vessel use increases. These events are likely 
to be concentrated in areas of high use, such as the Whitsundays, where self-drive bareboats 
are common. Although most vessels are small in size, the decreasing condition of coral reefs 
generally in the Region has increased the potential for ecosystem-level consequence of 
cumulative damage caused by groundings of small vessels. 

Almost 
certain

Minor

Risk score

  
Low

  
Medium

  
High

  
Very high
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Potential threats — ecosystem Likelihood Consequence Risk

Illegal activities — other: Illegal activities, such as entering a protected or restricted area, 
illegal release of industrial discharge, shipping outside designated shipping areas and operating 
without a permit, are almost certain. The consequence of the activity will vary greatly depending 
on its type and location.

Almost 
certain

Minor

Illegal fishing and poaching: Declining global fish stocks are likely to increase the demand 
on Australian fisheries. This, in turn, will increase the incentive for illegal foreign and domestic 
fishing activity. Numbers of detected offences are significant (including among recreational 
fishers). Greater uptake of vessel monitoring systems may reduce likelihood of commercial 
fishing offences. The consequence is likely to be major at a broad scale. Increasing illegal 
activity could have major consequences, particularly for sensitive areas and species. 

Almost 
certain

Major

Incidental catch of species of conservation concern: Turtle excluder devices and bycatch 
reduction devices have significantly reduced the incidental catch of turtles in the Queensland 
trawl fishery. Death of discarded and incidentally caught species of conservation concern 
across all fishing activities could have major consequences for a population. 

Almost 
certain

Major

Incompatible uses: Only assessed for heritage values.

Marine debris: Ocean currents transport debris around the world’s oceans making the Region 
vulnerable to debris from both local and more distant sources. Given the rapid increase in 
plastic production globally, the longevity of this material and the disposable nature of plastic 
items, plastic marine debris is likely to persist into the future and be present at a broad scale 
within the Region. While knowledge on distribution and movement of marine debris of all sizes 
continues to grow, less is known about the frequency, geographic extent and broadscale effects 
of its interactions with the Region’s species.

Almost 
certain

Moderate

Modifying coastal habitats: The potential expansion and intensification of agricultural activities 
and continued growth in urban and industrial development makes the likelihood of vegetation 
clearing and modifying supporting terrestrial habitats almost certain. The consequence to 
the Region’s values is likely to be major over a broad scale. Modification and loss of coastal 
ecosystems reduces their ability to provide important ecosystem services (including for marine 
species and habitats).

Almost 
certain

Major

Noise pollution: Current vessel use, projected increases in shipping, port development and 
recreational boat ownership means underwater anthropogenic noise is likely to be more or less 
continuous in the Region. Little is known about the effects of noise on the Region’s species, but 
evidence from elsewhere indicates that effects can be broadscale with serious consequences 
close to some noise sources. Improved understanding of its effects in the Region may change 
the future risk rating of this threat.

Almost 
certain

Minor

Nutrient run-off: Ongoing improvements in Catchment management are likely to reduce 
nutrient loads in land-based run-off in the future. However, there is likely to be a significant lag 
time between changes in agricultural practice and measurable water quality improvements in 
the Region. It is projected that nutrients will continue to enter and remain in the Region well into 
the future with potentially major consequences on biodiversity.

Almost 
certain

Major

Ocean acidification: Projections suggest the pH of waters of the Reef are almost certainly 
going to decrease. Regardless of the rate of change, even relatively small changes in ocean 
pH reduces the capacity of corals and other calcifying organisms to build skeletons and shells, 
which in turn reduce their capacity to create habitat.

Almost 
certain

Catastrophic

Outbreak of crown-of-thorns starfish: Reductions in nutrient loads in land-based run-off may 
reduce the number of juvenile crown-of-thorns starfish that reach adulthood. Regardless, the 
presence of an active outbreak on the Reef at any given time is considered very likely into the 
future, resulting in continued coral mortality. The cumulative effects of a range of impacts are 
severely compromising the ability of coral reefs to recover from outbreak events. 

Almost 
certain

Major

Outbreak of disease: The causes of disease are difficult to ascertain but are likely to be  
varied. Increased susceptibility is caused by stress from both acute and chronic influences.  
For example, outbreaks of coral disease have been linked to increased sea temperature,  
making further outbreaks likely. Similarly, high disease rates in some commercially caught  
coral trout in 2016 may have been influenced by heavy bleaching on source reefs. 
Consequences will vary depending on the disease and duration of outbreak but could have 
major effects at a broad scale.

Likely Major

Outbreak of other species: Changes in ecological processes as a result of other impacts may 
cause population explosions of some species. Considering outbreaks and blooms to date, the 
risk would be significant to a sensitive population or community at a local scale. However, there 
is a high level of uncertainty and the risk is likely to increase in the future. 

Likely Minor

Risk score

  
Low

  
Medium

  
High

  
Very high
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Potential threats — ecosystem Likelihood Consequence Risk

Pesticide run-off: Pesticides pose potentially serious consequences to some estuarine, 
seagrass and freshwater ecosystems. Ongoing use of pesticides in the Catchment means the 
Region will almost certainly continue to receive pesticides via land-based run-off. Concentration 
levels of pesticides in the Region vary, and for many areas are below those expected to cause 
significant risk to marine organisms. However, some locations are at higher risk. Additionally, the 
effect of ongoing low-level pesticide exposure on the inshore Reef area is a knowledge gap. 

Almost 
certain

Moderate

Sea-level rise: Sea level increases are expected to continue into the future. This will have a 
noticeable effect on coastal and shallow-water habitats and species at a broad scale. 

Almost 
certain

Major

Sea-temperature increase: The average annual sea surface temperature is almost certain to 
continue to rise. Regardless of the variation in climate scenarios, it is predicted that by 2035 
the average sea surface temperature will be warmer than any previously recorded. Higher 
temperatures will affect the nature of the entire ecosystem over a broad scale (for example, 
through its effect on the process of symbiosis within corals).

Almost 
certain

Catastrophic

Sediment run-off: Although improved agricultural land management practices and some 
restoration of riparian vegetation in some Catchment areas has continued to reduce sediment 
input, high anthropogenic sediment loads will continue to be transported to, and remain in, 
the Region. Improvements in agricultural land management practices may take some time to 
become evident in water quality within the Region due to the lag time of sediments passing 
through the ecosystem and into sinks within the marine system. Projected increased rainfall 
variability may also contribute to sediment loads through the erosion of top soils during floods. 
Consequences of sedimentation for marine life will depend on the concentration and duration of 
exposure, however, there are likely to be major effects on biodiversity. 

Almost 
certain

Major

Spill — large chemical: Although a large chemical spill is unlikely, the effects on biodiversity 
could be extremely serious and possibly irreversible at a local-scale. Consequences would vary 
depending on the type and amount of spill and are considered major given current management 
and response plans.

Unlikely Major

Spill — large oil: While shipping is projected to increase, recent improvements in management 
make the potential for a large oil spill unlikely. The physical smothering of plants and animals, 
combined with oil toxicity and its chemical reactions with water, mean a large spill is likely to 
have serious and persistent effects for several years.

Unlikely Major

Spill — small: Small chemical and oil spills are likely to occur frequently in the Region. 
Projected increases in the number of ships and other vessels are likely to increase the likelihood 
of small spills in the future. There could be some effects on sensitive marine life in the area of 
the spill, with consequences depending on size and type of spill. Given the increasing interest 
in reef restoration and adaptation interventions, it is also possible that over the next decade 
unintentional pollution will be created by trials of new approaches (such as ultrathin films) — 
neither likelihood nor consequence for this aspect are well understood at present.

Almost 
certain

Insignificant

Terrestrial discharge: Projected increases in urban, industrial and mining developments in the 
coastal zone (within five kilometres of the coastline) and on islands will make discharges, such 
as sewage and stormwater, almost certain in the future. As regulations require sewage to be 
treated, sewage discharge is likely to be only a small component of the nutrient load entering 
the marine environment and have only minor effects. Discharges of wastewater from industrial 
development and mining that could have irreversible effects over a small area of the Region 
are possible, but are not expected to occur annually. The occurrence and impact of a range of 
firefighting and pharmaceutical compounds entering the Region is not well known. 

Almost 
certain

Minor

Vessel strike: Continuing growth in shipping and recreational boating will increase the potential 
for vessel strikes on wildlife. Surface-breathing animals are most at risk (for example, humpback 
whales). Capital build projects, such as ports and other infrastructure, increase localised vessel 
use in coastal and island areas that contain important habitat for marine turtles, dugongs and 
inshore dolphins. The consequences of vessel strike may be more significant in some locations 
and for some species, than others. 

Likely Minor

Vessel waste discharge: Increases in vessel traffic and the continued unavailability of onshore 
pump-out facilities means there is likely to be more vessel-based waste discharge in the future. 
Effects on biodiversity are expected to be minor under current management arrangements.

Almost 
certain

Minor

Wildlife disturbance: Projected increases in population, tourism and expected associated 
increases in recreational vessel ownership are likely to lead to an increase in disturbance  
of wildlife from the presence of boats, drones, snorkelling and diving activities, and  
access to islands. These increases may cause some localised effects (for example, on  
seabirds and shorebirds).

Almost 
certain

Minor

Risk score

  
Low

  
Medium

  
High

  
Very high
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Risks to heritage values

Potential threats — heritage values (Indigenous, historic and other) Likelihood Consequence Risk

Acid sulfate soils: Disturbance of acid sulfate soils by coastal development in the Catchment 
in certain locations and intertidal areas, may affect heritage places or values in a small area. 
Impacts may erode subsistence lifestyles of local Traditional Owners or corrode artefacts.

Possible Moderate

Altered ocean currents: Dynamic ocean currents are recognised as an ecological process that 
contributes to the Reef’s outstanding universal value. Changes could have flow-on effects to 
Indigenous heritage values, especially if species that have cultural significance for customary 
practice, lore, storylines and songlines are affected. Any changes in ocean currents are likely to 
have only minor effects on historic heritage values, such as shipwrecks.

Almost 
certain

Moderate

Altered weather patterns: A number of weather aspects are predicted to change as a result 
of climate change. An increase in extreme weather events will affect the Reef’s outstanding 
universal value. Significant broadscale impacts from such events on some habitats and 
geomorphological features, especially coral reefs and seagrass meadows, will affect  
attributes that underpin the World Heritage Area’s heritage values and integrity. In addition, 
cyclones can affect culturally important sites (including sacred sites) and places of Indigenous 
significance. It is likely that historic heritage sites and features, such as shipwrecks, lighthouses, 
World War II sites and reefs of significance in the path of a severe cyclone will be damaged, 
potentially seriously.

Almost 
certain

Major

Artificial light: Growth in shipping and urban and industrial development is likely to continue 
to increase the amount of artificial light. The main known issue with artificial light is its effect 
on turtle hatchlings’ orientation in the nesting season (a recognised natural phenomenon in the 
world heritage listing). Reductions in turtle nesting success and hatchling survival could have 
future flow-on effects on Indigenous cultural values, such as totems and traditional hunting. 
Reduced dark sky area and lowered visibility of stars (from skyglow effects) may disrupt natural 
beauty and Indigenous storylines and songlines.

Almost 
certain

Moderate

Atmospheric pollution: Atmospheric pollution may start to affect some heritage values into the 
future. However, effects are expected to be only minor. Corrosion, bio-degradation and soiling 
of materials used in built structures are some of the potential effects of atmospheric pollution. 
Natural beauty may also be affected by human-caused haze and deposition of particulate 
matter, such as coal dust or terrigenous dust. The contribution of gases, such as carbon 
dioxide, to climate change is excluded here as this is encompassed under other threats, such 
as sea-temperature increase.

Possible Minor

Barriers to flow: Artificial barriers in the Catchment will continue to affect estuarine systems 
and biological connectivity between freshwater and marine environments, affecting some 
species and processes that contribute to the Reef’s outstanding universal value. There are also 
effects on the overall integrity of the world heritage property. In addition, these barriers may 
affect connectivity crucial to some totem species and could interrupt the flow of some storylines 
across the landscape.

Almost 
certain

Moderate

Behaviour impacting heritage values: There is ongoing possibility of people exhibiting 
behaviours at Indigenous and historic heritage sites that affect the site’s intangible cultural 
heritage values. The likelihood of impact may be higher at sites where visitors are more likely 
to not be aware of the site’s local cultural significance or behavioural guidelines desired by 
Traditional Owners. Severity and longevity of impact varies depending on the nature, frequency 
and intensity of the undesirable presence or behaviour. 

Possible Moderate

Damage to reef structure: There is likely to be damage to the reef structure from anchors, 
diving and snorkelling throughout the year. Poorly secured equipment may also cause damage. 
This could affect the natural underwater beauty in heavily visited locations. Damage to culturally 
significant features is also possible.

Almost 
certain

Moderate

Damage to seafloor: Local effects on the seafloor are likely in intensely trawled areas and in 
ship anchorages. It is unlikely that any damage will significantly affect the condition of the area’s 
ecologically important inter-reefal areas — an attribute of the Reef’s outstanding universal value. 
Depending on the location of the damage, culturally significant sites (including sacred sites, 
burial sites and sites that have storylines associated with them) could be affected. It is possible 
that undiscovered heritage sites (including wrecks) and features could be damaged. If an 
interaction occurs, the consequences are likely to be serious, or even irreversible. 

Possible Moderate

Discarded catch: The discard of non-retained catch from fishing activities is predicted to occur 
continuously. While bycatch reduction devices and turtle excluder devices in the trawl fishery 
have reduced deaths of some culturally important species (including marine turtles), risks remain 
for a range of others. If discarded catch floats or is washed ashore it can affect natural beauty.

Almost 
certain

Moderate

Risk score
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Potential threats — heritage values (Indigenous, historic and other) Likelihood Consequence Risk

Disposal of dredge material: Large amounts of dredge material from capital works can no 
longer be disposed in the Marine Park, although disposal from maintenance dredging continues. 
The disposal and resuspension of significant volumes of sediment could affect the condition 
of a number of attributes that contribute to the Reef’s outstanding universal value by adding 
further pressure to already declining inshore ecosystems. Resuspended dredge material can 
also affect water clarity and, therefore, aesthetic beauty and ability to perform some cultural 
practices. Disposal of dredge material in areas with undiscovered heritage sites and features is 
possible but would not be likely to affect heritage values over a wider area.

Likely Minor

Dredging: Continued development of ports is expected to require capital and ongoing 
maintenance dredging. The effect on the natural environment within the dredging site would 
be serious and possibly irreversible, but the activity’s footprint is small. Assessment processes 
aim to avoid disturbance of heritage sites from dredging. However, some risk remains for 
unrecorded sites of Indigenous cultural significance, such as burial sites and sacred sites, and 
unrecorded historic heritage sites. While in progress, dredging can also affect the scenic values 
of an area and increase noise levels.

Likely Minor

Exotic species: Despite improvements in detection and prevention of exotic species, 
projected increase in shipping, island-based activities and conservation interventions makes 
their introduction likely. The consequence would depend on the species and the heritage 
value affected, but there could be serious effects on attributes that contribute to the Reef’s 
outstanding universal value and Indigenous heritage values in a local area.

Likely Minor

Extraction from spawning aggregations: While a number of fish spawning aggregations are 
currently protected, some fishing effort is targeted at unprotected aggregations. Spawning 
aggregations are recognised as a natural phenomenon that contributes to the Reef’s 
outstanding universal value. Effects on these aggregations will have consequences for the 
Indigenous heritage values connected to the species concerned. Local depletions may also 
affect social and economic values.

Likely Moderate

Extraction of herbivores: Herbivorous fishes and molluscs are not the primary target of  
most commercial and recreational fishing. Traditional hunting of green turtles and dugongs is 
currently managed in a number of areas under Traditional Use of Marine Resources Agreements, 
and there is the aim of implementing more agreements in the future. This traditional use is 
likely to continue, is thought to be largely sustainable, and has a positive impact on Indigenous 
heritage values. 

Likely Insignificant

Extraction of particle feeders: Trends in fishing effort are predicted to remain stable.  
There are concerns for some species (including saucer scallops). Given the important role of 
particle feeders in the ecosystem, there is likely to be some effects on attributes that contribute 
to outstanding universal value on a wide scale. There may be effects on the cultural practices of 
Traditional Owners. 

Almost 
certain 

Moderate

Extraction of predators: Trends in fishing effort are predicted to remain stable. Given the 
important role of predators in the ecosystem, there is likely to be some effects on attributes that 
contribute to outstanding universal value on a wide scale. There may be effects on the cultural 
practices of Traditional Owners. In addition, some targeted predators are totems for many 
Traditional Owners. The exploitation of these animals and the localised impacts on populations 
will affect the cultural values of Traditional Owners with sea country estates.

Almost 
certain 

Moderate

Foundational capacity gaps: There is variable capacity (skills and equipment) among 
Traditional Owner groups to visit and manage country. Some areas are quite remote  
and safe transport is critical to frequency and efficiency of access to country. Management 
agencies have increased opportunities for Traditional Owners to join their trips. Potential 
impacts of capacity gaps include those on the enduring connection Traditional Owners have 
with their land and sea country, the maintenance of culture and the transfer of knowledge to 
younger generations.

Likely Minor

Fragmentation of cultural knowledge: Efforts to reconnect with cultural knowledge are 
increasing within Reef and Catchment Traditional Owner groups and participation in Indigenous 
junior and adult ranger programs is growing. Availability of specialist skills in historic heritage 
preservation is thought to be stable.

Likely Major

Genetic modification: Potential negative impacts and, therefore, overall risk for heritage values 
are not well understood. However, impacts on the ecosystem may have flow-on effects on 
Indigenous cultural values.

Possible Minor

Grounding — large vessel: Current management of shipping significantly reduces the 
likelihood of groundings. However, if a grounding occurs, severe impacts on coral reef habitats 
can result at the site with long recovery periods. Many reefs have strong cultural value to 
Traditional Owners. Song and storylines are connected to them and, in some cases, they are 
sacred sites. The destruction and damage caused by a ship grounding could have significant 
and long-term effects on Indigenous heritage values. A ship grounding is likely to be rare at a 
site of historic significance, but it could have major consequences.

Possible Moderate
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Potential threats — heritage values (Indigenous, historic and other) Likelihood Consequence Risk

Grounding — small vessel: Small vessel groundings are likely to occur throughout the year 
and be concentrated in areas of high use. Given the decreasing condition of coral reefs 
generally in the Region, the potential consequences of groundings for linked cultural heritage 
values has increased. Should there be an accumulation of such groundings at a site of heritage 
significance, the local condition of associated values may be further affected. If this occurs for 
multiple sites, it would affect heritage values at a wider scale. 

Almost 
certain

Minor

Illegal activities — other: There is also ongoing possibility of intentional and unintentional 
illegal removal of, or damage to, the Region’s Indigenous and historic heritage sites and 
associated artefacts. Occurrence of other illegal activities, such as entering a protected or 
restricted area, illegal release of industrial discharge, shipping outside designated shipping 
areas and operating without a permit, are almost certain. The likelihood of an illegal activity 
affecting a heritage value and the consequence of its effect will vary greatly depending on its 
type and location and the heritage values affected. Damage can be hard or impossible to repair. 
Monitoring of looting, souveniring, vandalism and other activities remains difficult due to limited 
availability of information on location and condition for many heritage sites. The maintenance of 
traditional cultural ties can be affected by use of the Region that does not keep to management 
arrangements designed to support traditional use.

Almost 
certain

Moderate

Illegal fishing and poaching: Illegal fishing is likely to increase in the future and its 
consequence for attributes of the Reef’s outstanding universal value is likely to be major  
at a broad scale. Illegal fishing and poaching activities directly affect Traditional Owners’  
ability to practice customary lore, use their cultural tools and technology, and follow  
cultural observances.

Almost 
certain

Major

Incidental catch of species of conservation concern: There are immediate or post-release 
effects on some species of conservation concern, many of which contribute to the Reef’s 
outstanding universal value. Many are also of cultural significance to Traditional Owners as 
either a food source or totem, or for customary practice.

Almost 
certain

Major

Incompatible uses: The increasing volume and variety of uses occurring in the Region affects 
the capacity of Traditional Owners to continue their cultural practices and fulfil their customary 
responsibilities. Localised effects from commercial and recreational fishing can cause changes 
to customary practice if Traditional Owners have to fish or collect in non-traditional areas. 
Structures associated with tourism, ports and other activities can affect the scenic beauty of an 
area, as can commercial and recreational vessels.

Almost 
certain

Moderate

Marine debris: Marine debris affects many of the species that contribute to the outstanding 
universal value of the Reef as well as diminishing its natural beauty. Some marine animals and 
birds of Indigenous cultural significance can become entangled in, or killed by, marine debris. It 
also washes up in culturally important areas and sacred sites. On rare occasions, debris (such 
as discarded fishing nets) could become entangled on submerged historic sites, potentially 
degrading their heritage value.

Almost 
certain

Moderate

Modifying coastal habitats: Clearing and modifying of supporting terrestrial habitats in the 
Catchment is almost certain. This is likely to continue to affect the outstanding universal value 
and integrity of the world heritage property, especially through diminishing the ecosystem 
services these habitats provide. Coastal habitat degradation may also diminish natural 
scenic values of the property. Even relatively small changes to land and seascapes have very 
significant consequences for Indigenous cultural values. Cultural observances, customs, 
storylines and songlines can be lost through changes to terrestrial habitats. In addition, without 
adequate consultation with Traditional Owners, reclamation on culturally significant sites may 
occur and the values could be irretrievably compromised. Similarly, there is the potential that 
reclamation could occur on or close to an unrecorded site of historic heritage.

Almost 
certain

Major

Noise pollution: Little is known about the effects of noise on the Region’s species, including 
for species that have particular cultural significance to Traditional Owners. Effects on auditory 
experiences may affect an area’s natural beauty. Improved understanding of its effects may 
change the future risk rating of this threat.

Almost 
certain

Minor

Nutrient run-off: The widespread effects of increased nutrients in coastal waters diminish many 
components of the Reef’s outstanding universal value. This threat is closely aligned to modifying 
coastal ecosystems. Such declines in the environment will, in turn, affect the Indigenous 
heritage values of the Region. Nutrients are unlikely to affect historic heritage values, other than 
contributing to declines in the health of reefs of historic significance. 

Almost 
certain

Major
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Potential threats — heritage values (Indigenous, historic and other) Likelihood Consequence Risk

Ocean acidification: The pH of waters of the Reef is almost certainly going to decrease, 
which will affect coral reef habitats and many reef species. Given coral reefs are one of the 
fundamental attributes contributing to the Reef’s outstanding universal value, this threat could 
have major consequences for the Region’s world heritage values. The decline in environmental 
condition will have consequent effects on Indigenous heritage values. Ocean acidification could 
have an effect on shipwrecks of historic significance, but it is likely to be insignificant. 

Almost 
certain

Catastrophic

Outbreak of crown-of-thorns starfish: The projected almost continual presence of an active 
crown-of-thorns starfish outbreak on the Reef will severely compromise the ability of coral reefs 
to recover after disturbances. As with other threats that are likely to seriously affect coral reefs, 
continued outbreaks will seriously diminish the outstanding universal value of the Reef. The 
decline in coral reef health will have consequent effects on Indigenous heritage values.

Almost 
certain

Major 

Outbreak of disease: The likelihood and consequences to the natural environment of a disease 
outbreak will vary, however, overall susceptibility to disease is likely to increase as the Reef’s 
condition deteriorates. Widespread disease outbreaks would diminish the Reef’s outstanding 
universal value. Outbreaks of disease, such as in corals and turtles, can diminish Indigenous 
heritage values through affecting cultural practices, customs and lore. Outbreaks that may seem 
moderate at a broad scale could have significant impacts at a smaller, more local level.

Likely Major 

Outbreak of other species: Changes in ecological processes as a result of other impacts may 
cause outbreaks of some naturally occurring species. Little is known of the potential effects 
of outbreaks or blooms of other species on Indigenous cultural values, but any declines in 
ecosystem health will have consequent effects on Indigenous heritage values.

Likely Minor 

Pesticide run-off: Ongoing use of pesticides in the Catchment means the Region will almost 
certainly experience pesticides from land-based run-off into the future. The effects of pesticides 
on some estuarine, seagrass and freshwater ecosystems will diminish some components of 
the Reef’s outstanding universal value. This threat is closely aligned with modifying coastal 
ecosystems. Such declines in the ecosystem will, in turn, affect the Indigenous heritage values 
of the Region. Bioaccumulation of toxic components of pesticides will have additional adverse 
effects if this makes some species unsafe for consumption as part of cultural practices.

Almost 
certain

Moderate 

Sea-level rise: Continued increases in sea level will have noticeable effects on coastal and 
shallow-water habitats and species over a broad scale. In particular, rising sea levels will affect 
the phenomena of outstanding universal value, such as turtle and seabird nesting. Rising 
sea level could also affect coastal and shallow-water Indigenous heritage sites, as well as 
cause changes to custom. Loss of access to fish traps, burial sites (which may be in coastal 
sand dunes), or rock art located in beach caves will have adverse consequences for cultural 
practices. Rising sea level is also likely to have some minor effects on coastal and shallow-
water historic heritage sites.

Almost 
certain

Major 

Sea-temperature increase: The average annual sea surface temperature is almost certain to 
continue to rise, affecting almost all attributes of outstanding universal value over a broad scale, 
from its ecological processes and key habitats and species to its natural beauty and natural 
phenomena. Such declines in the environment will simultaneously affect the Indigenous heritage 
values of the Region. On a smaller scale, increased sea temperatures could accelerate the 
natural degradation of historic heritage sites.

Almost 
certain

Catastrophic 

Sediment run-off: Although improved agricultural land management practices and some 
vegetation restoration has continued to reduce sediment input, elevated anthropogenic 
loads will continue to be transported to, and remain in, the Region. The widespread effects 
of increased sediments, especially in coastal waters, diminish many attributes of the 
Reef’s outstanding universal value (including habitats, species, ecological processes and 
geomorphological processes). Increases in turbidity also decrease the underwater natural 
beauty of the World Heritage Area. Declines in the environment caused by increased sediments 
will affect the Indigenous heritage values of the Region. Increased sediments are unlikely to 
significantly affect historic heritage values.

Almost 
certain

Major 
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Spill — large chemical: A large chemical spill is unlikely and the consequences would vary 
depending on the type and amount of spill. A large chemical spill that affects biodiversity 
would have flow-on effects to the Reef’s outstanding universal value and the cultural values 
of Traditional Owners. A spill that had severe effects on the local environment could have 
extremely serious and possibly irreversible effects on Indigenous cultural practice, observances, 
story and song lines, and places of cultural significance at a local scale. In addition, a large 
chemical spill close to a historic heritage site could present a serious risk to its values.

Unlikely Major 

Spill — large oil: A large oil spill is unlikely, however, the physical smothering of plants and 
animals, combined with oil toxicity and its chemical reactions with water, mean a large spill 
would likely have serious and persistent effects on some attributes of outstanding universal 
value, such as coral reefs, seabirds and turtles. It would also affect the natural beauty of the  
spill area in the short term. Any impacts on animals or land and seascapes would have a 
similarly negative effect on Indigenous heritage values. It is expected that a large spill would 
rarely affect a historic site or feature.

Unlikely Major 

Spill — small: Small chemical and oil spills are likely to occur frequently in the Region, with 
consequences depending on size and type of spill. Scenic beauty above and below the 
water may be slightly affected in small local areas. However, there is unlikely to be serious 
consequences to the Region’s heritage values from small chemical and oil spills. 

Almost 
certain

Insignificant 

Terrestrial discharge: Projected increases in urban and industrial development will make 
point-source discharges, such as polluted water, sewage, wastewater and stormwater, almost 
certain in the future. While the discharges are unlikely to affect the outstanding universal value 
of the Reef, there may be localised effects on some Indigenous heritage values. For example, 
elevated concentrations of heavy metals in culturally significant species, such as dugong and 
turtle, or concentrations of bacteria unsafe for human immersion, could place cultural values 
and practices at further risk. 

Almost 
certain

Minor 

Vessel strike: Continuing growth in shipping and recreational boating increases the potential for 
vessel strikes on wildlife. Some of the species that contribute strongly to the Reef’s outstanding 
universal value, such as dugongs, turtles, dolphins and whales, are most at risk. As these 
species also have cultural significance for Traditional Owners, there is likely to be local effects 
on Indigenous cultural heritage.

Likely Minor 

Vessel waste discharge: Increases in vessel traffic will mean there is likely to be more vessel-
based waste discharge in the future. The likely minor effects on the natural environment will 
have flow-on effects on Indigenous heritage values.

Almost 
certain

Minor 

Wildlife disturbance: Projected increases in population, tourism and associated recreational 
vessel ownership, access to islands, drone use, snorkelling and diving activities are likely to lead 
to an increase in disturbance of wildlife. The increase could cause localised effects on attributes 
of outstanding universal value, such as the natural phenomena of seabird and turtle nesting. 
Changes to animal behaviour caused by the presence of boats or people can change the nature 
of Traditional Owner customary practice and change storylines.

Almost 
certain

Minor 

Risk score

  
Low

  
Medium

  
High

  
Very high



296 APPENDICES



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 297

1. Great Barr ier  Reef  Mar ine Park Author i ty  2009, Great 
Barr ier  Reef  Out look Report  2009 ,  Great Barr ier  Reef 
Mar ine Park Author i ty,  Townsvi l le .

2.  Great Barr ier  Reef  Mar ine Park Author i ty  2014, Great 
Barr ier  Reef  Out look Report  2014 ,  Great Barr ier  Reef 
Mar ine Park Author i ty,  Townsvi l le .

3.  Great Barr ier  Reef  (Declarat ion of  Amalgamated Mar ine 
Park Area)  Proclamat ion 2004  (Cwlth) .

4.  Department of  the Envi ronment and Energy 2017, 
Austra l ia  State of  the Envi ronment 2016 ,  Commonwealth 
of  Austra l ia ,  ht tps://soe.env i ronment.gov.au/download/
reports.

5.  Lever ington, A. ,  Hockings,  M.,  Lever ington, F. ,  Tr inder, 
C. and Polg laze,  J.  2019, Independent Assessment of 
Management Ef fect iveness for  the Great Barr ier  Reef 
Out look Report  2019 ,  Great Barr ier  Reef  Mar ine Park 
Author i ty,  Townsvi l le .

6.  Great Barr ier  Reef  Mar ine Park Author i ty  2014, Great 
Barr ier  Reef  Mar ine Park Author i ty  Science Strategy and 
Informat ion Needs 2014-2019 ,  Great Barr ier  Reef  Mar ine 
Park Author i ty,  Townsvi l le .

7.  Harper,  T.  2019, The Rapid Assessment Workshop 
to E l ic i t  a Scient i f ic  Expert  Consensus to Inform the 
Development of  the Great Barr ier  Reef  Out look Report 
2019 ,  Great Barr ier  Reef  Mar ine Park Author i ty, 
Townsvi l le .

8.  Lever ington, A. ,  Lever ington, F.  and Hockings,  M. 2019, 
Reef 2050 Ins ights Report .  Report  to the Great Barr ier 
Reef  Mar ine Park Author i ty,  Great Barr ier  Reef  Mar ine Park 
Author i ty ,  Townsvi l le .

9.  Austra l ian Government and Queensland Government 
2018, Reef 2050 Long-Term Susta inabi l i ty  P lan , 
Commonwealth of  Austra l ia ,  Canberra.

10. Austra l ian Government and Queensland Government 
2016, Reef 2050 Plan:  Investment Framework , 
Commonwealth of  Austra l ia ,  Canberra.

11. Bejder,  M.,  Johnson, D.W.,  Smith,  J. ,  Fr iedlaender,  A. 
and Bejder,  L.  2016, Embracing conservat ion success of 
recover ing humpback whale populat ions:  eva luat ing the 
case for  downl ist ing the i r  conservat ion status in Austra l ia , 
Marine Pol icy  66:  137-141.

12. Pauly,  D.  1995, Anecdotes and the shi f t ing basel ine 
syndrome of  f isher ies,  Trends in Ecology and Evolut ion 
10(10) :  430.

13. Soga, M. and Gaston, K.J.  2018, Shi f t ing basel ine 
syndrome: causes,  consequences, and impl icat ions, 
Front iers in Ecology and the Envi ronment  16(4) :  222-230.

14. Moore,  F.C.,  Obradovich,  N.,  Lehner,  F.  and Bayl is , 
P.  2019, Rapid ly decl in ing remarkabi l i ty  of  temperature 
anomal ies may obscure publ ic percept ion of  c l imate 
change, Proceedings of  the Nat ional  Academy of  Sciences 
116(11) :  4905-4910.

15. Buckley,  S.M.,  Thurstan,  R.H.,  Tobin,  A.  and 
Pandol f i ,  J .M. 2017, Histor ica l  spat ia l  reconstruct ion of  a 
spawning-aggregat ion f ishery,  Conservat ion Bio logy  31(6) : 
1322-1332.

16. Tobin,  A. ,  Heupel ,  M.,  S impfendorfer,  C.,  Buckley,  S. , 
Thurstan,  R.  and Pandol f i ,  J .  2014, Uti l is ing innovat ive 
technology to better  understand Spanish mackere l 
spawning aggregat ions and the protect ion of fered by 
Mar ine Protected Areas.  FRDC Project  No 2010/007 , 
Centre for  Susta inable Tropica l  F isher ies and Aquacul ture, 
James Cook Univers i ty.

17. Clark,  T.R.,  Leonard,  N.D.,  Zhao, J. ,  Brodie,  J. , 
McCook, L.J. ,  Wachenfe ld,  D.R.,  Duc-Nguyen, A. , 
Markham, H.L.  and Pandol f i ,  J .M. 2016, Histor ica l 

photographs rev is i ted:  a case study for  dat ing and 
character iz ing recent loss of  cora l  cover on the inshore 
Great Barr ier  Reef ,  Scient i f ic  Reports  6:  19285.

18. Wachenfe ld,  D. 1997, Long-term trends in the 
status of  cora l  reef- f lat  benthos:  the use of  h istor ica l 
photographs, in Proceedings of  the State of  the Great 
Barr ier  Reef  Wor ld Her i tage Area Workshop: 27-
29 November 1995, Townsvi l le ,  Queensland ,  eds.  D. 
Wachenfe ld,  J.  Ol iver  and K. Davis,  Great Barr ier  Reef 
Mar ine Park Author i ty,  Townsvi l le ,  pp. 134-148.

19. Great Barr ier  Reef  Mar ine Park Author i ty  2018, 
Marine Monitor ing  Program, Great Barr ier  Reef  Mar ine 
Park Author i ty,  ht tp://www.gbrmpa.gov.au/our-work/
our-programs-and-projects/reef-2050-mar ine-monitor ing-
program.

20. Whiteway, T. ,  Smithers,  S. ,  Potter,  A.  and Brooke, 
B. 2013, Geologica l  and Geomorphologica l  Features of 
Outstanding Universa l  Value in the Great Barr ier  Reef 
Wor ld Her i tage Area:  Technica l  Report  Prepared for 
the Department of  Susta inabi l i ty,  Env i ronment,  Water, 
Populat ion and Communit ies ,  Geoscience Austra l ia  and 
James Cook Univers i ty,  Townsvi l le .

21.  Ryan, E.J. ,  Smithers,  S.G.,  Lewis,  S.E. ,  Clark, 
T.R. and Zhao, J.  2016, The inf luence of  sea leve l  and 
cyclones on Holocene reef  f lat  development:  Middle 
Is land, centra l  Great Barr ier  Reef ,  Coral  Reefs  35(3) :  805-
818.

22. Perry,  C.T. ,  Smithers,  S.G. and Gul l iver,  P.  2013, 
Rapid vert ica l  accret ion on a “young” shore-detached 
turb id zone reef :  offshore Paluma Shoals,  centra l  Great 
Barr ier  Reef ,  Austra l ia ,  Coral  Reefs  32:  1143-1148.

23. Tebbett ,  S.B.,  Goat ley,  C.H.R. and Bel lwood, D.R. 
2018, Algal  tur f  sediments across the Great Barr ier  Reef : 
Putt ing coasta l  reefs in perspect ive,  Marine Pol lut ion 
Bul let in  137: 518-525.

24. Great Barr ier  Reef  Mar ine Park Author i ty  2017, Great 
Barr ier  Reef  Bluepr int  for  Resi l ience ,  Great Barr ier  Reef 
Mar ine Park Author i ty,  Townsvi l le .

25.  Bischof,  B.  2017, Focusing our resolve in coasta l 
systems: ECSA 55 as a vehic le for  better  understanding 
shi f t ing basel ines in a rapid ly-changing wor ld,  Ocean and 
Coasta l  Management  143: 1-3.

26. Wu, T. ,  Petr ie l lo,  M.A. and Kim, Y.  2011, Shi f t ing 
basel ine syndrome as a barr ier  to ecologica l  restorat ion 
in the Amer ican Southwest,  Ecologica l  Restorat ion  29(3) : 
213-215.

27. Read, M.,  Hemson, G. and Olds,  J.  2018, Value of 
is lands for  the mar ine env i ronment,  in Austra l ian Is land 
Arks:  Conservat ion,  Management and Opportuni t ies ,  eds 
D. Moro, D. Bal l  and S. Bryant,  CSIRO Publ ish ing,  pp. 
193-205.

28. Department of  Susta inabi l i ty,  Env i ronment,  Water, 
Populat ion and Communit ies 2012, Statement of 
Outstanding Universa l  Value:  Great Barr ier  Reef  Wor ld 
Her i tage Area ,  Austra l ian Government,  Canberra.

29. Mather,  P.  and Bennett ,  I .  1993, A Cora l  Reef 
Handbook: A Guide to the Geology,  F lora and Fauna of 
the Great Barr ier  Reef ,  Surrey Beatty & Sons Pty Ltd, 
Chipping North,  V ic.

30. Graham, N.A.J. ,  W i lson, S.K.,  Carr,  P. ,  Hoey,  A.S., 
Jennings,  S.  and MacNei l ,  M.A. 2018, Seabirds enhance 
cora l  reef  product iv i ty  and funct ion ing in the absence of 
invas ive rats,  Nature  559(7713):  250-253.

31. Dawson, J.L. ,  Smithers,  S.G. and Hua, Q. 2014, The 
importance of  large benth ic foramin i fera to reef  is land 
sediment budget and dynamics at  Raine Is land, northern 
Great Barr ier  Reef ,  Geomorphology  222: 68-81.

R E F E R E N C E S



298 REFERENCES

32. Hopley,  D. and Smithers,  S.  2019, Geomorphology 
of  cora l  reefs wi th specia l  reference to the Great Barr ier 
Reef ,  in The Great Barr ier  Reef :  Bio logy,  Env i ronment 
and Management ,  eds P. Hutchings,  M. Kingsford and O. 
Hoegh-Guldberg,  2nd edn, CSIRO Publ ish ing,  Clayton 
South,  Austra l ia ,  pp. 9-24.

33. Great Barr ier  Reef  Mar ine Park Author i ty  and 
Queensland Parks and Wi ld l i fe  Serv ice 2016, Fie ld 
Management Program Annual  Report  2015-16: F ie ld 
Operat ions in the Great Barr ier  Reef  Wor ld Her i tage Area , 
GBRMPA and QPWS, Townsvi l le .

34.  Great Barr ier  Reef  Mar ine Park Author i ty  and 
Queensland Parks and Wi ld l i fe  Serv ice 2016, Fie ld 
Management Program: Annual  Report  Summary 2014-15 , 
Great Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

35.  Great Barr ier  Reef  Mar ine Park Author i ty  and 
Queensland Parks and Wi ld l i fe  Serv ice 2018, Fie ld 
Management Program: Annual  Report  Summary 2016-17 , 
Great Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

36.  Cr i tchel l ,  K. ,  Grech, A. ,  Schlaefer,  J. ,  Andutta,  F.P. , 
Lambrechts,  J. ,  Wolanski ,  E.  and Hamann, M. 2015, 
Model l ing the fate of  mar ine debr is a long a complex 
shore l ine:  lessons f rom the Great Barr ier  Reef ,  Estuar ine, 
Coasta l  and Shel f  Science  167: 414-426.

37. Austra l ian Mar ine Debr is In i t iat ive and Tangaroa 
Blue Foundat ion 2018, Austra l ian Mar ine Debr is 
In i t iat ive:  Reports and publ icat ions ,  AMDI,  ht tps://www.
tangaroablue.org/resources/reports-publ icat ions/reports/
nat ional/ .

38.  Hamann, M.,  Grech, A. ,  Wolanski ,  E.  and Lambrechts, 
J.  2011, Model l ing the fate of  mar ine turt le hatchl ings, 
Ecologica l  Model l ing  222: 1515-1521.

39. Clemens, R.S.,  Haslem, A. ,  Old land, J. ,  Shel ley, 
L. ,  Weston, M.A. and Abdul lah Abu Diyan, M. 2008, 
Ident i f icat ion of  S igni f icant Shorebird Areas in Austra l ia : 
Mapping, Thresholds and Cr i ter ia ,  B i rds Austra l ia ,  Car l ton.

40. Fabr ic ius,  K.E. ,  Hoegh-Guldberg,  O.,  Johnson, J. , 
McCook, L.J.  and Lough, J.  2007, Vulnerabi l i ty  of  cora l 
reefs of  the Great Barr ier  Reef  to c l imate change, in 
Cl imate Change and the Great Barr ier  Reef :  a Vulnerabi l i ty 
Assessment ,  eds J.E.  Johnson and P.A. Marshal l , 
Great Barr ier  Reef  Mar ine Park Author i ty  and Austra l ian 
Greenhouse Off ice,  Townsvi l le ,  pp. 515-554.

41. Queensland Government 2013, Beaches, T ides and 
Waves ,  Queensland Government,  ht tps://www.qld.gov.au/
envi ronment/coasts-waterways/beach.

42. Tangaroa Blue Foundat ion.  2018, Austra l ian Mar ine 
Debr is In i t iat ive:  Custom dataset est imate of  source 
2014-2018 for  the Great Barr ier  Reef  Region  [Dataset ] 
Austra l ian Mar ine Debr is In i t iat ive.

43. Schaffe lke,  B. ,  Col l ier,  C. ,  Kroon, F. ,  Lough, J. , 
McKenzie,  L. ,  Ronan, M.,  Uth icke,  S.  and Brodie,  J.  2017, 
Scient i f ic  Consensus Statement 2017: A synthesis of  the 
sc ience of  land-based water qual i ty  impacts on the Great 
Barr ier  Reef ,  Chapter 1:  The condi t ion of  coasta l  and 
mar ine ecosystems of  the Great Barr ier  Reef  and the i r 
responses to water qual i ty  and disturbances ,  State of 
Queensland, Br isbane.

44. Department of  Env i ronment and Science 2018, Great 
Barr ier  Reef  contr ibut ing catchments:  Facts and maps , 
Queensland Government,  ht tps://wet landinfo.des.q ld.gov.
au/wet lands/facts-maps/study-area-great-barr ier-reef/ .

45.  Duke, N.C. and Larkum, A.W.D. 2008, Mangroves 
and seagrasses,  in The Great Barr ier  Reef :  Bio logy, 
Env i ronment and Management ,  eds P. Hutchings,  M. 
Kingsford and O. Hoegh-Guldberg,  CSIRO Publ ish ing, 
Col l ingwood, pp. 156-170.

46. Great Barr ier  Reef  Mar ine Park Author i ty  2016, A 
Vulnerabi l i ty  Assessment for  the Great Barr ier  Reef : 
Estuar ies ,  Great Barr ier  Reef  Mar ine Park Author i ty, 
Townsvi l le .

47.  Lovelock,  C.E. ,  Cahoon, D.R.,  Fr iess,  D.A., 
Guntenspergen, G.R.,  Krauss,  K.W.,  Reef ,  R. ,  Rogers, 
K. ,  Saunders,  M.L. ,  S id ik,  F.  and Swales,  A.  2015, The 
vulnerabi l i ty  of  Indo-Paci f ic  mangrove forests to sea- leve l 
r ise,  Nature  526(7574):  559-563.

48. Department of  Env i ronment and Science 2018, 
Mangroves ,  Queensland Government,  ht tps://wet landinfo.
ehp.qld.gov.au/wet lands/ecology/components/ f lora/
mangroves.

49. Lovelock,  C.E. ,  Fe l ler,  I .C. ,  Reef ,  R. ,  Hickey,  S.  and 
Bal l ,  M.C. 2017, Mangrove d ieback dur ing f luctuat ing sea 
leve ls,  Scient i f ic  Reports  7 (1) :  1680.

50. Atwood, T.B.,  Connol ly,  R.M.,  Ri tch ie,  E.G.,  Lovelock, 
C.E. ,  Hei thaus,  M.R.,  Hays,  G.C.,  Fourqurean, J.W. and 
Macreadie,  P. I .  2015, Predators help protect carbon 
stocks in b lue carbon ecosystems, Nature Cl imate Change 
5 (12) :  1038-1045.

51. Pendleton, L. ,  Donato,  D.C.,  Murray,  B.C.,  Crooks, 
S. ,  Jenkins,  W.A.,  S i f leet ,  S. ,  Craf t ,  C. ,  Fourqurean, J.W., 
Kauffman, J.B. and Marbà, N. 2012, Est imat ing g lobal 
“b lue carbon” emiss ions f rom convers ion and degradat ion 
of  vegetated coasta l  ecosystems, PLoS ONE  7 (9) :  e43542.

52. Duke, N.C. and Mackenzie,  J.  2018, ECY Report 
2017 f ina l  report :  East  Cape York shore l ine env i ronmenta l 
surveys:  Report  to the Commonwealth of  Austra l ia ,  Centre 
for  Tropica l  Water and Aquat ic Ecosystem Research 
(TropWATER),  James Cook Univers i ty,  Townsvi l le .

53.  Lymburner,  L. ,  Bunt ing,  P. ,  Lucas,  R.,  Scarth,  P. , 
A lam, I . ,  Phi l l ips,  C.,  T icehurst ,  C. and Held,  A.  ( in  press) , 
Mapping the mult i -decadal  mangrove dynamics of  the 
Austra l ian coast l ine,  Remote Sensing of  Env i ronment : 
10.1016/ j . rse.2019.05.004.

54. Sippo, J.Z. ,  Lovelock,  C.E. ,  Santos,  I .R. ,  Sanders, 
C.J.  and Maher,  D.T.  2018, Mangrove morta l i ty  in a 
changing c l imate:  An overv iew, Estuar ine,  Coasta l  and 
Shel f  Science  215: 241-249.

55. Emanuel ,  K. ,  Sundarara jan,  R.  and Wi l l iams, J.  2008, 
Hurr icanes and g lobal  warming: Resul ts f rom downscal ing 
IPCC AR4 s imulat ions,  Bul let in of  the Amer ican 
Meteorologica l  Society  89(3) :  347-367.

56. Knutson, T.R.,  McBr ide,  J.L. ,  Chan, J. ,  Emanuel , 
K. ,  Hol land, G.,  Landsea, C.,  Held,  I . ,  Kossin,  J.P. , 
Sr ivastava,  A.K. and Sugi ,  M. 2010, Tropica l  cyc lones and 
c l imate change, Nature Geoscience  3:  157-163.

57. Asbr idge, E. ,  Lucas,  R.,  Rogers,  K.  and Accad, A. 
2018, The extent of  mangrove change and potent ia l 
for  recovery fo l lowing severe Tropica l  Cyclone Yasi , 
Hinchinbrook Is land, Queensland, Austra l ia ,  Ecology and 
Evolut ion  8 (21) :  10416-10434.

58. Lamb, J.B.,  van de Water,  J.A.J.M.,  Bourne, D.G., 
A l t ier,  C.,  Hein,  M.Y.,  F iorenza,  E.A.,  Abu, N.,  Jompa, 
J.  and Harve l l ,  C.D. 2017, Seagrass ecosystems reduce 
exposure to bacter ia l  pathogens of  humans, f ishes,  and 
invertebrates,  Science  355(6326):  731-733.

59. McKenzie,  L.J. ,  Col l ier,  C.J. ,  Langlo is,  L.A. ,  Yoshida, 
R.L. ,  Smith,  N. and Waycott ,  M. 2017, Marine Monitor ing 
Program: Annual  report  for  inshore seagrass monitor ing: 
2015 to 2016 ,  Great Barr ier  Reef  Mar ine Park Author i ty, 
Townsvi l le .

60.  York,  P.H.,  Carter,  A.B.,  Chartrand, K. ,  Sankey,  T. , 
Wel ls ,  L.  and Rasheed, M.A. 2015, Dynamics of  a deep-
water seagrass populat ion on the Great Barr ier  Reef : 
annual  occurrence and response to a major dredging 
program, Scient i f ic  Reports  5:  13167.

61. York,  P.H.,  Macreadie,  P. I .  and Rasheed, M.A. 2018, 
Blue Carbon Stocks of  Great Barr ier  Reef  deep-water 
seagrasses,  Biology Letters  14(12) :  20180529.

62. Marsh,  H.,  O’Shea, T.J.  and Reynolds I I I ,  J .E.  2011, 
Ecology and Conservat ion of  the Si ren ia:  Dugongs and 
Manatees ,  Cambr idge Univers i ty  Press.

63. Read, M.A. and L impus, C.J.  2002, The green turt le 
(Chelonia mydas)  in  Queensland: Feeding ecology of 
immature turt les in a temperate feeding area,  Memoirs of 
the Queensland Museum  48(1) :  207-214.

64. Coles,  R.G.,  Rasheed, M.A.,  McKenzie,  L. ,  Grech, 
A. ,  York,  P.H.,  Sheaves,  M.,  McKenna, S.  and Bryant, 
C. 2015, The Great Barr ier  Reef  Wor ld Her i tage Area 
seagrasses:  Managing th is iconic Austra l ian ecosystem 
resource for  the future,  Estuar ine,  Coasta l  and Shel f 
Science  153: A1-A12.

65. Tol ,  S.J. ,  Jarv is,  J.C.,  York,  P.H.,  Grech, A. ,  Congdon, 
B.C. and Coles,  R.G. 2017, Long distance biot ic d ispersal 
of  t ropica l  seagrass seeds by mar ine mega-herbivores, 
Scient i f ic  Reports  7:  4458.

66. Cul len-Unsworth,  L.C.,  Nordlund, L.M.,  Paddock, 
J. ,  Baker,  S. ,  McKenzie,  L.J.  and Unsworth,  R.K. 2014, 
Seagrass meadows global ly  as a coupled socia l-ecologica l 
system: Impl icat ions for  human wel lbe ing,  Marine Pol lut ion 
Bul let in  83(2) :  387-397.

67. Coles,  R. ,  Mel lors,  J. ,  B ibby,  J.  and Squire,  B.  1987, 
Seagrass beds and juveni le prawn nursery grounds 
between Bowen and Water Park Point :  A report  to the 
Great Barr ier  Reef  Mar ine Park Author i ty ,  Department of 
Pr imary Industr ies,  Br isbane.



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 299

68. Meynecke, J. ,  Lee,  S. ,  Duke, N.C. and Warnken, 
J.  2007, Relat ionships between estuar ine habi tats and 
coasta l  f isher ies in Queensland, Austra l ia ,  Bul let in of 
Mar ine Science  80(3) :  773-793.

69. Coles,  R. ,  Lee Long, W.,  McKenzie,  L.J. ,  Roelofs, 
A.  and De’ath,  G. 2000, Strat i f icat ion of  seagrasses in 
the Great Barr ier  Reef  Wor ld Her i tage Area,  northeastern 
Austra l ia ,  and the impl icat ions for  management,  Biologia 
Mar ina Mediterranea  7 (2) :  345-348.

70. Col l ier,  C. and Waycott ,  M. 2009, Drivers of  change 
to seagrass d ist r ibut ions and communit ies on the Great 
Barr ier  Reef ,  l i terature rev iew and gaps analys is.  Report  to 
the Mar ine and Tropica l  Sciences Research Faci l i ty ,  Reef 
and Rainforest  Research Centre,  Cai rns.

71. Coles,  R. ,  McKenzie,  L.J. ,  De’ath,  G.,  Roelofs,  A. 
and Lee Long, W. 2009, Spat ia l  d ist r ibut ion of  deepwater 
seagrass in the inter-reef  lagoon of  the Great Barr ier  Reef 
Wor ld Her i tage Area,  Marine Ecology Progress Ser ies  392: 
57-68.

72. Chartrand, K.M.,  Bryant,  C.V. ,  Sozou, A. ,  Ralph, 
P.J.  and Rasheed, M.A. 2017, Final  Report :  Deep-water 
Seagrass Dynamics:  L ight Requirements,  Seasonal 
Change and Mechanisms of  Recru i tment ,  Centre 
for  Tropica l  Water and Aquat ic Ecosystem Research 
(TropWATER) Publ icat ion,  James Cook Univers i ty,  Cai rns.

73. Brodie,  J.  and Waterhouse, J.  2018, Great Barr ier 
Reef  (Austra l ia ) :  a mult i -ecosystem wet land with a 
mult ip le use management regime, in The Wet land Book 
I I :  D ist r ibut ion Descr ipt ion and Conservat ion ,  eds C.M. 
F in layson, R. Mi l ton,  C. Prent ice and N.C. Davidson, 
Spr inger,  Nether lands, pp. 447-460.

74. McKenzie,  L.J. ,  Col l ier,  C.J. ,  Langlo is,  L.A. ,  Yoshida, 
R.L. ,  Uusi ta lo,  J. ,  Smith,  N. and Waycott ,  M. 2019, Marine 
Monitor ing Program: Annual  Report  for  inshore seagrass 
monitor ing 2017-2018 .  Report  for  the Great Barr ier  Reef 
Mar ine Park Author i ty,  Great Barr ier  Reef  Mar ine Park 
Author i ty,  Townsvi l le .

75.  Heal thy Rivers to Reef  Partnership Mackay Whitsunday 
2018, Mackay-Whitsunday 2017 Report  Card ,  Heal thy 
Rivers to Reef  Partnership Mackay Whitsunday,  ht tps://
heal thyr iverstoreef .org.au/report-card-resul ts/ .

76.  McKenzie,  L.J. ,  Unsworth,  R.  and Waycott ,  M. 2010, 
Reef Rescue Mar ine Monitor ing Program: Intert ida l 
seagrass annual  report  for  sampl ing per iod 1 September 
2009 - 31 May 2010 ,  F isher ies Queensland, Cairns.

77. McKenzie,  L.J. ,  Col l ier,  C.  and Waycott ,  M. 2012, Reef 
Rescue Mar ine Monitor ing Program: Inshore seagrass, 
annual  report  for  the sampl ing per iod 1st  Ju ly 2010 – 31st 
May 2011 ,  F isher ies Queensland, Cairns.

78. Bi rch,  W.R. and Birch,  M. 1984, Succession and 
pattern of  t ropica l  intert ida l  seagrasses in Cockle Bay, 
Queensland, Austra l ia :  A decade of  observat ions,  Aquat ic 
Botany  19:  343-367.

79. McKenzie,  L.J.  and Campbel l ,  S.J.  2003, Seagrass 
resources of  the Boora l  Wet lands and the Great Sandy 
Stra i t :  February/March 2002. Informat ion Ser ies QI03016 , 
Department of  Pr imary Industr ies,  Cai rns.

80. Grech, A. ,  Hanert ,  E. ,  McKenzie,  L. ,  Rasheed, M., 
Thomas, C.,  Tol ,  S. ,  Wang, M.,  Waycott ,  M.,  Wolter,  J. 
and Coles,  R.  2018, Predict ing the cumulat ive effect  of 
mul t ip le d isturbances on seagrass connect iv i ty,  Global 
Change Bio logy  24(7) :  3093-3104.

81. Luckhurst ,  B.E.  and Luckhurst ,  K.  1978, Analys is 
of  the inf luence of  substrate var iables on cora l  reef  f ish 
communit ies,  Marine Bio logy  49(4) :  317-323.

82. Messmer,  V. ,  Jones,  G.P.,  Munday, P.L. ,  Holbrook, 
S.J. ,  Schmit t ,  R.J.  and Brooks,  A.J.  2011, Habi tat 
b iodivers i ty  as a determinant of  f ish community structure 
on cora l  reefs,  Ecology  92(12) :  2285-2298.

83. Ste l la ,  J.S. ,  Pratchett ,  M.S.,  Hutchings,  P.A. and 
Jones, G.P. 2011, Cora l-associated invertebrates: 
d ivers i ty,  ecologica l  importance and vulnerabi l i ty  to 
d isturbance, Oceanography and Mar ine Bio logy:  An 
Annual  Review  49:  43-104.

84. Spald ing,  M.D.,  Ravi l ious,  C. and Green, E.P. 2001, 
World At las of  Cora l  Reefs ,  Univers i ty  of  Cal i forn ia, 
Berkeley.

85. Hopley,  D.,  Smithers,  S.G. and Parnel l ,  K.E.  2007, The 
Geomorphology of  the Great Barr ier  Reef :  Development, 
Divers i ty  and Change ,  Cambr idge Univers i ty  Press.

86. Rogers,  A. ,  Blanchard,  J.L.  and Mumby, P.J.  2014, 
Vulnerabi l i ty  of  cora l  reef  f isher ies to a loss of  st ructura l 
complex i ty,  Current Bio logy  24(9) :  1000-1005.

87. Ferrar io,  F. ,  Beck, M.W.,  Stor lazz i ,  C.D.,  Michel i ,  F. , 
Shepard,  C.C. and Ai ro ld i ,  L.  2014, The effect iveness 
of  cora l  reefs for  coasta l  hazard r isk reduct ion and 
adaptat ion,  Nature Communicat ions  5 (3794):  1-9.

88. Hughes, T.P. ,  Kerry,  J.T. ,  Connol ly,  S.R.,  Bai rd,  A.H., 
Eakin,  C.M.,  Heron, S.F. ,  Hoey,  A.S.,  Hoogenboom, 
M.O.,  Jacobson, M.,  L iu,  G.,  Pratchett ,  M.S.,  Ski rv ing, 
W. and Torda, G. 2019, Ecologica l  memory modi f ies the 
cumulat ive impact of  recurrent c l imate extremes, Nature 
Cl imate Change  9:  40-43.

89. Hughes, T.P. ,  Kerry,  J.T.  and Simpson, T.  2018, 
Large-scale b leaching of  cora ls on the Great Barr ier  Reef , 
Ecology  99(2) :  501.

90. Great Barr ier  Reef  Mar ine Park Author i ty  2017, Final 
Report :  2016 Cora l  Bleaching Event on the Great Barr ier 
Reef ,  Great Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

91.  Hughes, T.P. ,  Kerry,  J.T. ,  Bai rd,  A.H.,  Connol ly, 
S.R.,  Dietze l ,  A. ,  Eakin,  C.M.,  Heron, S.F. ,  Hoey,  A.S., 
Hoogenboom, M.O.,  L iu,  G.,  McWi l l iam, M.J. ,  Pears,  R.J. , 
Pratchett ,  M.S.,  Ski rv ing,  W.J. ,  Ste l la ,  J.S.  and Torda, G. 
2018, Global  warming t ransforms cora l  reef  assemblages, 
Nature  556: 492-496.

92. Frade, P.R.,  Bongaerts,  P. ,  Englebert ,  N.,  Rogers,  A. , 
Gonzalez-Rivero,  M. and Hoegh-Guldberg,  O. 2018, Deep 
reefs of  the Great Barr ier  Reef  offer  l imi ted thermal  refuge 
dur ing mass cora l  b leaching, Nature Communicat ions  9 (1) : 
3447.

93. Bai rd,  A.H.,  Madin,  J.S. ,  Á lvarez-Nor iega, M., 
Fontoura,  L. ,  Kerry,  J.T. ,  Kuo, C.,  Precoda, K. ,  Torres-
Pul l iza,  D.,  Woods, R.M. and Zawada, K.J.A.  2018, A 
decl ine in b leaching suggests that  depth can prov ide a 
refuge f rom global  warming in most cora l  taxa,  Marine 
Ecology Progress  Ser ies 603: 257-264.

94. ARC Centre of  Excel lence for  Cora l  Reef  Studies, 
James Cook Univers i ty  2017, ‘Unpubl ished data suppl ied 
by ARC Centre of  Excel lence for  Cora l  Reef  Studies, 
James Cook Univers i ty ’ ,  ARC Centre of  Excel lence for 
Cora l  Reef  Studies,  James Cook Univers i ty.

95. Austra l ian Inst i tute of  Mar ine Science 2018, Long-term 
Reef Moni tor ing Program: Annual  Summary Report  on 
Cora l  Reef  Condi t ion for  2017/18 ,  Austra l ian Inst i tute of 
Mar ine Science, ht tps://www.aims.gov.au/reef-monitor ing/
gbr-condi t ion-summary-2017-2018.

96. Hughes, T.P. ,  Kerry,  J.T. ,  Bai rd,  A.H.,  Connol ly,  S.R., 
Chase, T.J. ,  Dietze l ,  A. ,  Hi l l ,  T. ,  Hoey,  A.S.,  Hoogenboom, 
M.O.,  Jacobson, M.,  Kerswel l ,  A. ,  Madin,  J.S. ,  Mieog, A. , 
Paley,  A.S.,  Pratchett ,  M.S.,  Torda, G. and Woods, R.M. 
2019, Global  warming impairs stock-recru i tment dynamics 
of  cora ls,  Nature  568: 387-390.

97. Austra l ian Inst i tute of  Mar ine Science 2019, Long-
term Reef Moni tor ing Program Summary Report  on Cora l 
Reef  Condi t ion for  the Far North:  January 2019 ,  Austra l ian 
Inst i tute of  Mar ine Science, ht tps://www.aims.gov.au/
docs/research/monitor ing/reef/ latest-surveys.html#Latest 
sector reports.

98. Austra l ian Inst i tute of  Mar ine Science 2019, Long-term 
Reef Moni tor ing Program: Annual  Summary Report  on 
Cora l  Reef  Condi t ion for  2018/19 ,  Austra l ian Inst i tute of 
Mar ine Science, ht tps://www.aims.gov.au/docs/research/
monitor ing/reef/ latest-surveys.html#Annual  summary 
reports.

99. Hughes, T.P. ,  Anderson, K.D.,  Connol ly,  S.R.,  Heron, 
S.F. ,  Kerry,  J.T. ,  Lough, J.M.,  Bai rd,  A.H.,  Baum, J.K., 
Berumen, M.L. ,  Br idge, T.C.,  Claar,  D.C.,  Eakin,  C.M., 
Gi lmour,  J.P. ,  Graham, N.A.J. ,  Harr ison, H.,  Hobbs, J.A. , 
Hoey,  A.S.,  Hoogenboom, M.,  Lowe, R.J. ,  McCul loch, 
M.T. ,  Pandol f i ,  J .M.,  Pratchett ,  M.,  Schoepf,  V. ,  Torda, G. 
and Wi lson, S.K. 2018, Spat ia l  and temporal  patterns of 
mass b leaching of  cora ls in the Anthropocene, Science 
359(6371):  80-83.

100. Great Barr ier  Reef  Mar ine Park Author i ty  2013, Great 
Barr ier  Reef  Region Strategic Assessment:  Strategic 
Assessment Report .  Draf t  for  publ ic comment ,  Great 
Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

101. Pi tcher,  C.R.,  Doherty,  P. ,  Arnold,  P. ,  Hooper,  J. , 
Gr ibble,  N.A.,  Bart let t ,  C. ,  Browne, M.,  Campbel l ,  N. , 
Cannard,  T. ,  Cappo, M.,  Car in i ,  G.,  Chalmers,  S. ,  Cheers, 
S. ,  Chetwynd, D.,  Colefax,  A. ,  Coles,  R. ,  Cook, S. ,  Davie, 
P. ,  De’ath,  G.,  Devereux,  D.,  Done, B.,  Donovan, T. , 
Ehrke,  B. ,  E l l is ,  N.,  Er icson, G.,  Fe l legara,  I . ,  Forcey,  K. , 
Furey,  M.,  Gledhi l l ,  D. ,  Good, N.,  Gordon, S. ,  Haywood, 
M.,  Jacobsen, I . ,  Johnson, J. ,  Jones,  M.,  Kinninmoth, 
S. ,  K ist le,  S. ,  Last ,  P. ,  Le i te,  A. ,  Marks,  S. ,  McLeod, 
I . ,  Oczkowicz,  S. ,  Rose, C.,  Seabr ight,  D. ,  Shei ls ,  J. , 



300 REFERENCES

Sher lock,  M.,  Skel ton,  P. ,  Smith,  D.,  Smith,  G.,  Speare,  P. , 
Stowar,  M.,  Str ick land, C.,  Sutc l i f fe ,  P. ,  Van der Geest,  C., 
Venables,  W.,  Walsh,  C.,  Wassenberg,  T. ,  Welna,  A.  and 
Years ley,  G. 2007, Seabed Biodivers i ty  on the Cont inenta l 
Shel f  of  the Great Barr ier  Reef  Wor ld Her i tage Area:  f ina l 
report  to the Cooperat ive Research Centre for  the Great 
Barr ier  Reef  Wor ld Her i tage Area ,  CSIRO Mar ine and 
Atmospher ic Research, Hobart .

102. Great Barr ier  Reef  Mar ine Park Author i ty  2012, 
In forming the Out look for  Great Barr ier  Reef  Coasta l 
Ecosystems ,  Great Barr ier  Reef  Mar ine Park Author i ty, 
Townsvi l le .

103. Pi tcher,  C.R. 1997, Status of  inter-reefa l  benthos in 
the Great Barr ier  Reef  Wor ld Her i tage Area,  in Technica l 
Workshop on the State of  the Great Barr ier  Reef  Wor ld 
Her i tage Area,  Townsvi l le ,  Queensland (Austra l ia ) ,  27-29 
Nov 1995 ,  eds.  D. Wachenfe ld,  J.  Ol iver  and K. Davis, 
Great Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le ,  pp. 
323-334.

104. Ponder,  W.,  Hutchings,  P.  and Chapman, R. 2002, 
Overv iew of  the Conservat ion of  Austra l ian Mar ine 
Invertebrates:  A Report  for  Env i ronment Austra l ia , 
Austra l ian Museum, Sydney.

105. Veron, J.E.N. 2008, A Reef in T ime: the Great Barr ier 
Reef  f rom Beginning to End ,  Harvard Univers i ty  Press, 
Cambr idge, USA.

106. Purcel l ,  S.W.,  Conand, C.,  Uth icke,  S.  and Byrne, 
M. 2016, Ecologica l  ro les of  explo i ted sea cucumbers, 
Oceanography and Mar ine Bio logy:  An Annual  Review  54: 
367-386.

107. Nunn, P.D. and Reid,  N.J.  2016, Abor ig ina l  memor ies 
of  inundat ion of  the Austra l ian coast dat ing f rom more 
than 7000 years ago, Austra l ian Geographer  47(1) :  11-47.

108. Roberts,  D.A.,  Johnston, E.L.  and Poore,  A.G.B. 
2008, Contaminat ion of  mar ine b iogenic habi tats and 
effects upon associated epi fauna, Marine Pol lut ion Bul let in 
56(6) :  1057-1065.

109. Przes lawski ,  R. ,  Ahyong, S. ,  Byrne,  M.,  Wörheide, 
G. and Hutchings,  P.  2008, Beyond cora ls and f ish: 
the effects of  c l imate change on noncora l  benth ic 
invertebrates of  t ropica l  reefs,  Global  Change Bio logy 
14(12) :  2773-2795.

110. Pears,  R.J. ,  Mor ison, A.K.,  Jebreen, E.J. ,  Dunning, 
M.C.,  P i tcher,  C.R.,  Courtney,  A.J. ,  Houlden, B. and 
Jacobsen, I .P.  2012, Ecologica l  R isk Assessment of  the 
East Coast Otter  Trawl F ishery in the Great Barr ier  Reef 
Mar ine Park:  Data Report ,  Great Barr ier  Reef  Mar ine Park 
Author i ty,  Townsvi l le .

111. Koch, M.,  Bowes, G.,  Ross,  C. and Zhang, X.H. 
2013, Cl imate change and ocean acid i f icat ion effects 
on seagrasses and mar ine macroalgae, Global  Change 
Bio logy  19(1) :  103-132.

112. Courtney,  A.J. ,  Tonks,  M.L. ,  Campbel l ,  M.J. ,  Roy, 
D.P.,  Gaddes, S.W.,  Kyne, P.M. and O’Nei l l ,  M.F.  2006, 
Quant i fy ing the effects of  bycatch reduct ion dev ices in 
Queensland’s (Austra l ia )  shal low water eastern k ing prawn 
(Penaeus plebejus)  t rawl  f ishery,  Fisher ies Research  80(2-
3) :  136-147.

113. Yang, W.H.,  Wortmann, J. ,  Robins,  J.B.,  Courtney, 
A.J. ,  O’Nei l l ,  M.F.  and Campbel l ,  M.J.  2016, Quant i tat ive 
Assessment of  the Queensland Saucer Scal lop (Amusium 
bal lot i )  F ishery.  Technica l  Report ,  Department of 
Agr icu l ture and F isher ies,  Queensland.

114. Pi tcher,  C.R.,  E l l is ,  N.,  Venables,  W.N.,  Wassenberg, 
T.J. ,  Burr idge, C.Y.,  Smith,  G.P.,  Browne, M.,  Pantus,  F. , 
Poiner,  I .R.  and Doherty,  P.J.  2015, Effects of  t rawl ing 
on sess i le megabenthos in the Great Barr ier  Reef  and 
evaluat ion of  the eff icacy of  management strategies,  ICES 
Journal  of  Mar ine Science  73(supp. 1) :  i115- i126.

115. Smith,  R. ,  Boyd, S.E. ,  Rees,  H.L. ,  Dearnaley,  M.P. 
and Stevenson, J.  2006, Effects of  dredging act iv i ty  on 
epi faunal  communit ies:  surveys fo l lowing cessat ion of 
dredging, Estuar ine,  Coasta l  and Shel f  Science  70(1-2) : 
207-223.

116. Cappo, M.,  De’ath,  G. and Speare,  P.  2007, Inter-
reef  vertebrate communit ies of  the Great Barr ier  Reef 
Mar ine Park determined by bai ted remote underwater 
v ideo stat ions,  Marine Ecology Progress Ser ies  350: 209-
221.

117. Beaman, R.J.  2010, Project  3D-GBR: A h igh-
resolut ion depth model  for  the Great Barr ier  Reef  and 
Cora l  Sea, Mar ine and Tropica l  Sciences Faci l i ty  (MTSRF) 
Pro ject  2.5 i .1a:  F ina l  Report ,  Mar ine and Tropica l 
Sciences Research Faci l i ty  (MTSRF),  Cai rns.

118. Harr is ,  P.T. ,  Br idge, T.C.L. ,  Beaman, R.J. ,  Webster, 
J.M.,  Nichol ,  S.L.  and Brooke, B.P. 2012, Submerged 
banks in the Great Barr ier  Reef ,  Austra l ia ,  great ly  increase 
avai lable cora l  reef  habi tat ,  ICES Journal  of  Mar ine 
Science  70(2) :  284-293.

119. Cappo, M.,  De’ath,  G.,  Stowar,  M.J. ,  Johannson, C. 
and Doherty,  P.J.  2009, The inf luence of  zoning (c losure to 
f ish ing)  on f ish communit ies of  the deep shoals and reef 
bases of  the southern Great Barr ier  Reef  Mar ine Park.  Part 
2:  development of  protocols to improve accuracy in bai ted 
v ideo techniques used to detect ef fects of  zoning ,  Reef 
and Rainforest  Research Centre,  Cai rns.

120. Roberts,  T.E. ,  Moloney,  J.M.,  Sweatman, H.P.A. and 
Br idge, T.C.L.  2015, Benth ic community composi t ion on 
submerged reefs in the centra l  Great Barr ier  Reef ,  Coral 
Reefs  34(2) :  569-580.

121. Speare,  P.  and Stowar,  M. 2007, Prel iminary F indings 
f rom the F i rst  Basel ine Survey of  the Magnet ic Shoals , 
Reef  and Rainforest  Research Centre Ltd,  Cai rns.

122. Buddemeier,  R.W. and Hopley,  D. 1988, Turn-ons 
and turn-offs:  Causes and mechanisms of  the in i t iat ion 
and terminat ion of  cora l  reef  growth,  in Proceedings of  the 
6th Internat ional  Cora l  Reef  Symposium ,  eds.  J.  H. Choat, 
D.  Barnes,  M. A.  Borowitzka,  J.  C. Col l ,  P.  J.  Davies, 
P.  F lood, B. G. Hatcher,  D.  Hopley,  P.  A.  Hutchings,  D. 
Kinsey,  G. R. Orme, M. Pichon, P.  F.  Sale,  P.  Sammarco, 
C. C. Wal lace,  C. W i lk inson, E.  Wolanski  and O. Bel lwood, 
Lawrence L ivermore Nat ional  Lab, Cal i forn ia,  pp. 253-261.

123. Br idge, T.C.L. ,  Done, T.J. ,  Beaman, R.J. ,  Fr iedman, 
A. ,  W i l l iams, S.B.,  P izarro,  O. and Webster,  J.M. 2011, 
Topography,  substratum and benth ic macrofaunal 
re lat ionships on a t ropica l  mesophot ic shel f  margin, 
centra l  Great Barr ier  Reef ,  Austra l ia ,  Coral  Reefs  30:  143-
153.

124. Br idge, T.C.L. ,  Done, T.J. ,  Fr iedman, A. ,  Beaman, 
R.J. ,  W i l l iams, S.B.,  P izarro,  O. and Webster,  J.M. 2011, 
Var iabi l i ty  in mesophot ic cora l  reef  communit ies a long the 
Great Barr ier  Reef ,  Austra l ia ,  Marine Ecology Progress 
Ser ies  428: 63-75.

125. Harr is ,  P.T. ,  Br idge, T.C.L. ,  Beaman, R.J. ,  Webster, 
J.M.,  Nichol ,  S.L.  and Brooke, B.P. 2013, Submerged 
banks in the Great Barr ier  Reef ,  Austra l ia ,  great ly  increase 
avai lable cora l  reef  habi tat ,  ICES Journal  of  Mar ine 
Science  70(2) :  284-293.

126. Bongaerts,  P. ,  Muir,  P. ,  Englebert ,  N.,  Br idge, L.  and 
Hoegh-Guldberg,  O. 2013, Cyclone damage at  mesophot ic 
depths on Myrmidon Reef (GBR),  Coral  Reefs  32(4) :  935.

127. Hurrey,  L.P. ,  P i tcher,  C.R.,  Schmidt,  S. ,  Lovelock, 
C.E.  and Schmidt,  S.  2013, Macroalgal  species r ichness 
and assemblage composi t ion of  the Great Barr ier  Reef 
seabed, Marine Ecology Progress Ser ies  492: 69-83.

128. Wolanski ,  E. ,  Drew, E. ,  Abel ,  K.M. and O’Br ien,  J. 
1988, T idal  jets,  nutr ient  upwel l ing and the i r  in f luence on 
the product iv i ty  of  the a lga Hal imeda in the Ribbon Reef, 
Great Barr ier  Reef ,  Estuar ine,  Coasta l  and Shel f  Science 
26(2) :  169-201.

129. McNei l ,  M. and Kennedy, E.  2018, Hal imeda 
meadow: northern Great Barr ier  Reef ,  F igShare,  ht tps://
doi .org/10.6084/m9.f igshare.7331051.v1.

130. Guinotte,  J.M. and Fabry,  V.J.  2008, Ocean 
acid i f icat ion and i ts  potent ia l  e ffects on mar ine 
ecosystems, Annals of  the New York Academy of  Sciences 
1134(1) :  320-342.

131. Beck, M.W.,  Heck, K. ,  Able,  K.W. and Chi lders, 
D.L.  2003, The ro le of  nearshore ecosystems as f ish and 
shel l f ish nurser ies,  Issues in Ecology  11:  1-12.

132. McNei l ,  M.A.,  Webster,  J.M.,  Beaman, R.J.  and 
Graham, T.L.  2016, New constra ints on the spat ia l 
d ist r ibut ion and morphology of  the Hal imeda bioherms of 
the Great Barr ier  Reef ,  Austra l ia ,  Coral  Reefs  35(4) :  1343-
1355.

133. Meyer,  F.W.,  Vogel ,  N.,  Te ichberg,  M.,  Uth icke,  S. 
and Wi ld,  C. 2015, The physio logica l  response of  two 
green calc i fy ing a lgae f rom the Great Barr ier  Reef  towards 
h igh d issolved inorganic and organic carbon (DIC and 
DOC) avai labi l i ty,  PLoS ONE  10(8) :  e0133596.

134. Beaman, R.J. ,  Webster,  J.M. and Wust,  R.A.J.  2008, 
New ev idence for  drowned shel f  edge reefs in the Great 
Barr ier  Reef ,  Austra l ia ,  Marine Geology  247(1-2) :  17-34.

135. Webster,  J.M.,  Beaman, R.J. ,  Br idge, T.C.L. ,  Davies, 
P.J. ,  Byrne,  M.,  W i l l iams, S. ,  Manning, P. ,  P izarro,  O., 
Thornborough, K. ,  Woolsey,  E. ,  Thomas, A.  and Tudhope, 
S.  2008, From cora ls to canyons: The Great Barr ier  Reef 
 



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 301

margin,  EOS, Transact ions,  Amer ican Geophysica l  Union 
89(24) :  217-218.

136. De Leo, F.C.,  Smith,  C.R.,  Rowden, A.A.,  Bowden, 
D.A. and Clark,  M.R. 2010, Submar ine canyons: Hotspots 
of  benth ic b iomass and product iv i ty  in the deep sea, 
Proceedings of  the Royal  Society of  London Ser ies B: 
Bio logica l  Sciences  277(1695):  2783-2792.

137. Vetter,  R.D.,  Lynn, E.A.,  Garza,  M. and Costa, 
A.S. 1994, Depth zonat ion and metabol ic adaptat ion in 
Dover sole,  Microstomus paci f icus,  and other deep- l iv ing 
f lat f ishes:  factors that  affect  the sole,  Marine Bio logy 
120(1) :  145-159.

138. Huang, Z. ,  Nichol ,  S.L. ,  Harr is ,  P.T.  and Caley, 
M.J.  2014, Class i f icat ion of  submar ine canyons of  the 
Austra l ian cont inenta l  margin,  Marine Geology  357: 362-
383.

139. Webster,  J.M.,  Beaman, R.J. ,  Puga-Bernabéu, 
Á,  Ludman, D.,  Renema, W.,  Wust,  R.A.J. ,  George, 
N.P.J. ,  Reimer,  P.J. ,  Jacobsen, G.E. and Moss, P.  2012, 
Late Ple istocene h istory of  turb id i te sedimentat ion 
in a submar ine canyon off  the northern Great Barr ier 
Reef ,  Austra l ia ,  Palaeogeography,  Palaeocl imatology, 
Palaeoecology  331–332: 75-89.

140. Benthuysen, J.A. ,  Tonin,  H.,  Br inkman, R.,  Herzfe ld, 
M. and Ste inberg,  C. 2016, Intrus ive upwel l ing in the 
centra l  Great Barr ier  Reef ,  Journal  of  Geophysica l 
Research: Oceans  121(11) :  8395-8416.

141. Hughes, T.P. ,  Kerry,  J.T. ,  Ã lvarez-Nor iega, M., 
Ã lvarez-Romero, J.G.,  Anderson, K.D.,  Bai rd,  A.H., 
Babcock, R.C.,  Beger,  M.,  Bel lwood, D.R.,  Berkelmans, 
R.,  Br idge, T.C.,  But ler,  I .R. ,  Byrne,  M.,  Cant in,  N.E. , 
Comeau, S. ,  Connol ly,  S.R.,  Cumming, G.S.,  Dal ton,  S.J. , 
Diaz-Pul ido,  G.,  Eakin,  C.M.,  F iguei ra,  W.F. ,  Gi lmour,  J.P. , 
Harr ison, H.B.,  Heron, S.F. ,  Hoey,  A.S.,  Hobbs, J.- .A. , 
Hoogenboom, M.O.,  Kennedy, E.V. ,  Kuo, C.Y.,  Lough, 
J.M.,  Lowe, R.J. ,  L iu,  G.,  McCul loch, M.T. ,  Malcolm, H.A., 
McWi l l iam, M.J. ,  Pandol f i ,  J .M.,  Pears,  R.J. ,  Pratchett , 
M.S.,  Schoepf,  V. ,  S impson, T. ,  Ski rv ing,  W.J. ,  Sommer, 
B. ,  Torda, G.,  Wachenfe ld,  D.R.,  W i l l is ,  B.L.  and Wi lson, 
S.K. 2017, Global  warming and recurrent mass b leaching 
of  cora ls,  Nature  543: 373-377.

142. Puga-Bernabéu, Á,  Webster,  J.M.,  Beaman, R.J. 
and Gui lbaud, V.  2011, Morphology and contro ls on the 
evolut ion of  a mixed carbonate–s i l ic ic last ic submar ine 
canyon system, Great Barr ier  Reef  margin,  north-eastern 
Austra l ia ,  Marine Geology  289(1-4) :  100-116.

143. L iddel l ,  W.D. and Ohlhorst ,  S.L.  1988, Hard 
substrata community patterns,  1-120 M, North Jamaica, 
Pala ios :  413-423.

144. Br idge, T.C.L.  and Guinotte,  J.  2013, Mesophot ic 
cora l  reef  ecosystems in the Great Barr ier  Reef  Wor ld 
Her i tage Area:  Thei r  potent ia l  d isturbance and possib le 
ro le as refugia f rom disturbance .  Research Publ icat ion No. 
109, Great Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

145. Col in,  P.L.  2009, Marine Envi ronments of  Palau , 
Cora l  Reef  Research Foundat ion,  Koror,  Palau.

146. Beaman, R.J. ,  Br idge, T.C.L. ,  Lüter,  C.,  Rei tner,  J. 
and Wörheide,  G. 2016, Spat ia l  patterns in the d ist r ibut ion 
of  benth ic assemblages across a large depth gradient in 
the Cora l  Sea, Austra l ia ,  Marine Biodivers i ty  46(4) :  795-
808.

147. Rigby,  C.L. ,  White,  W.T. and Simpfendorfer,  C.A. 
2016, Deepwater chondr ichthyan bycatch of  the Eastern 
King Prawn F ishery in the Southern Great Barr ier  Reef , 
Austra l ia ,  PLoS ONE  11(5) :  e0156036.

148. Johnson, J.E.  and Marshal l ,  P.A.  (eds)  2007, Cl imate 
Change and the Great Barr ier  Reef :  a Vulnerabi l i ty 
Assessment ,  Great Barr ier  Reef  Mar ine Park Author i ty  and 
Austra l ian Greenhouse Off ice,  Townsvi l le .

149. Gr i f f i ths,  J.R.,  Kadin,  M.,  Nascimento,  F.J. , 
Tamelander,  T. ,  Törnroos,  A. ,  Bonagl ia,  S. ,  Bonsdorff , 
E. ,  Brüchert ,  V. ,  Gårdmark,  A.  and Järnström, M. 2017, 
The importance of  benth ic–pelagic coupl ing for  mar ine 
ecosystem funct ion ing in a changing wor ld,  Global  Change 
Bio logy  23(6) :  2179-2196.

150. Pomeroy,  L.R. 1974, The ocean’s food web, a 
changing paradigm, Bioscience  24(9) :  499-504.

151. Kingsford,  M.J.  and Welch,  D.J.  2007, Vulnerabi l i ty 
of  pe lagic systems of  the Great Barr ier  Reef  to c l imate 
change, in Cl imate Change and the Great Barr ier  Reef : 
A Vulnerabi l i ty  Assessment ,  eds J.E.  Johnson and P.A. 
Marshal l ,  Great Barr ier  Reef  Mar ine Park Author i ty  and 
Austra l ian Greenhouse Off ice,  Townsvi l le ,  pp. 555-592.

152. Ste inberg,  C. 2007, Impacts of  c l imate change on 
the physica l  oceanography of  the Great Barr ier  Reef ,  in 
Cl imate Change and the Great Barr ier  Reef :  A Vulnerabi l i ty 
Assessment ,  eds J.E.  Johnson and P.A. Marshal l , 
Great Barr ier  Reef  Mar ine Park Author i ty  and Austra l ian 
Greenhouse Off ice,  Townsvi l le ,  pp. 51-74.

153. Bart ley,  R. ,  Bainbr idge, Z.T. ,  Lewis,  S.E. ,  Kroon, 
F.J. ,  W i lk inson, S.N.,  Brodie,  J.E.  and Si lburn,  D.M. 2014, 
Relat ing sediment impacts on cora l  reefs to watershed 
sources,  processes and management:  A rev iew, Science 
of  the Tota l  Env i ronment  468-469: 1138-1153.

154. Kroon, F.J. ,  Kuhnert ,  P.M.,  Henderson, B.L. , 
W i lk inson, S.N.,  K insey-Henderson, A. ,  Abbott ,  B. ,  Brodie, 
J.E.  and Turner,  R.D.R. 2012, River  loads of  suspended 
sol ids,  n i t rogen, phosphorus and herbic ides del ivered to 
the Great Barr ier  Reef  lagoon, Marine Pol lut ion Bul let in 
65(4-9) :  167-181.

155. Gruber,  R. ,  Waterhouse, J. ,  Logan, M.,  Petus,  C., 
Howley,  C.,  Lewis,  S. ,  Tracey,  D.,  Langlo is,  L. ,  Tonin,  H., 
Skuza, M.,  Coste l lo,  P. ,  Davidson, J. ,  Gunn, K. ,  Wr ight, 
M.,  Zagorsk is,  I . ,  Kroon, F.  and Nei len,  A.  2019, Marine 
Monitor ing Program: Annual  Report  for  Inshore Water 
Qual i ty  Moni tor ing 2017-2018 .  Report  for  the Great 
Barr ier  Reef  Mar ine Park Author i ty,  Great Barr ier  Reef 
Mar ine Park Author i ty,  Townsvi l le .

156. Robi l lot ,  C.,  Logan, M.,  Bai rd,  M.,  Waterhouse, 
J. ,  Mart in,  K.  and Schaffe lke,  B.  2018, Test ing and 
implementat ion of  an improved water qual i ty  index for  the 
2016 and 2017 Great Barr ier  Reef  Report  Cards:  deta i led 
technica l  report ,  Report  to the Nat ional  Env i ronmenta l 
Science Programme. Reef and Rainforest  Research Centre 
L imited, Cairns.

157. Bureau of  Meteorology 2018, eReefs Mar ine Water 
Qual i ty  Dashboard ,  Bureau of  Meteorology,  ht tp://www.
bom.gov.au/mar inewaterqual i ty/ .

158. Fabr ic ius,  K.E. ,  Logan, M.,  Weeks, S.J. ,  Lewis,  S.E. 
and Brodie,  J.  2016, Changes in water c lar i ty  in response 
to r iver  d ischarges on the Great Barr ier  Reef  cont inenta l 
shel f :  2002–2013, Estuar ine,  Coasta l  and Shel f  Science 
173(A1) :  A15.

159. Hal l ,  N. ,  Berry,  K. ,  Rintoul ,  L.  and Hoogenboom, 
M. 2015, Microplast ic ingest ion by sc leract in ian cora ls, 
Marine Bio logy  162(3) :  725-732.

160. Bauer-Civ ie l lo,  A. ,  Loder,  J.  and Hamann, M. 2018, 
Using c i t izen sc ience data to assess the d i fference in 
mar ine debr is loads on reefs in Queensland, Austra l ia , 
Marine Pol lut ion Bul let in  135: 458-465.

161. Jensen, L.H.,  Mott i ,  C.A.,  Garm, A.L. ,  Tonin,  H. and 
Kroon, F.J.  ( in  press) ,  Sources,  d ist r ibut ion and uptake 
fate of  microf ibres on the Great Barr ier  Reef ,  Austra l ia . 
Scient i f ic  Reports .

162. Uth icke,  S. ,  Furnas,  M. and Lønborg,  C. 2014, Cora l 
reefs on the edge? Carbon chemistry on inshore reefs of 
the Great Barr ier  Reef ,  PLoS ONE  9 (10) :  e109092.

163. Mongin,  M.,  Bai rd,  M.E.,  T i lbrook, B.,  Matear, 
R.J. ,  Lenton, A. ,  Herzfe ld,  M.,  W i ld-Al len,  K. ,  Skerrat t , 
J. ,  Margvelashv i l i ,  N. ,  Robson, B.J. ,  Duarte,  C.M., 
Gustafsson, M.S.M.,  Ralph,  P.J. ,  Steven, A.D.L.  and 
Steven, A.D.L.  2016, The exposure of  the Great Barr ier 
Reef  to ocean acid i f icat ion,  Nature Communicat ions  7: 
10732.

164. Albr ight ,  R. ,  Anthony,  K.R.N.,  Bai rd,  M.,  Beeden, R., 
Byrne,  M.,  Col l ier,  C.,  Dove, S. ,  Fabr ic ius,  K. ,  Hoegh-
Guldberg,  O.,  Kel ly,  R.P.,  Lough, J. ,  Mongin,  M.,  Munday, 
P.L. ,  Pears,  R.J. ,  Russel l ,  B.D.,  T i lbrook, B. and Abal ,  E. 
2016, Ocean acid i f icat ion:  L ink ing sc ience to management 
solut ions us ing the Great Barr ier  Reef  as a case study, 
Journal  of  Env i ronmenta l  Management  182: 641-650.

165. Bureau of  Meteorology 2016, 2016 Marine Heatwave 
on the Great Barr ier  Reef ,  Bureau of  Meteorology,  <www.
bom.gov.au/envi ronment/doc/mar ine-heatwave-2016.pdf>.

166. Choukroun, S. ,  Ridd, P.V. ,  Br inkman, R. and 
McKinna, L. I .W. 2010, On the sur face c i rcu lat ion in the 
western Cora l  Sea and res idence t imes in the Great 
Barr ier  Reef ,  Journal  of  Geophysica l  Research: Oceans 
115: C06013.

167. Brodie,  J. ,  Wolanski ,  E. ,  Lewis,  S.  and Bainbr idge, Z. 
2012, An assessment of  res idence t imes of  land-sourced 
contaminants in the Great Barr ier  Reef  lagoon and the 
impl icat ions for  management and reef  recovery,  Marine 
Pol lut ion Bul let in  65:  267-279.



302 REFERENCES

168. Gomez-Lemos, L.A.  and Diaz-Pul ido,  G. 2017, 
Crustose cora l l ine a lgae and associated microbia l  b iof i lms 
deter  seaweed sett lement in cora l  reefs,  Coral  Reefs  36: 
453-462.

169. Duke, N.C. and Kudo, H. 2018, Bruguiera× dungarra , 
a new hybr id between mangrove species B. exar istata  and 
B. gymnorhiza (Rhizophoraceae)  recent ly  d iscovered in 
north-east Austra l ia ,  Blumea  63(3) :  279-285.

170. Cooper,  W.E.,  Kudo, H. and Duke, N.C. 2016, 
Bruguiera haines i i  CG Rogers (Rhizophoraceae) ,  an 
endangered species recent ly  d iscovered in Austra l ia , 
Austrobai leya  9 (4) :  481-488.

171. Goat ley,  C.H.R. and Brandl ,  S.J.  2017, Cryptobenth ic 
reef  f ishes,  Current Bio logy  27(11) :  R452-R454.

172. Booth,  D.J. ,  Bond, N. and Macreadie,  P.  2011, 
Detect ing range shi f ts among Austra l ian f ishes in response 
to c l imate change, Marine and Freshwater Research  62(9) : 
1027-1042.

173. Fowler,  A.M.,  Park inson, K.  and Booth,  D.J.  2018, 
New poleward observat ions of  30 t ropica l  reef  f ishes in 
temperate southeastern Austra l ia ,  Marine Biodivers i ty 
48(4) :  2249-2254.

174. Pi tcher,  C.R.,  Aust in,  M.,  Burr idge, C.Y., 
Bustamante,  R.H.,  Cheers,  S.J. ,  E l l is ,  N.,  Jones,  P.N., 
Koutsoukos, A.G.,  Moeseneder,  C.H.,  Smith,  G.P., 
Venables,  W. and Wassenberg,  T.J.  2008, Recovery 
of  Seabed Habitat  f rom the Impact of  Trawl ing in the 
Far Northern Sect ion of  the Great Barr ier  Reef  Mar ine 
Park:  CSIRO f ina l  report  to GBRMPA ,  CSIRO Mar ine and 
Atmospher ic Research, Cleveland, Qld.

175. Hutchings,  P. ,  K ingsford,  M. and Hoegh-Guldberg,  O. 
2008, The Great Barr ier  Reef :  Bio logy,  Env i ronment and 
Management ,  CSIRO Publ ish ing,  Col l ingwood.

176. Pears,  R.J. ,  Mor ison, A.K.,  Jebreen, E.J. ,  Dunning, 
M.C.,  P i tcher,  C.R.,  Courtney,  A.J. ,  Houlden, B. and 
Jacobsen, I .P.  2012, Ecologica l  r isk assessment of  the 
East Coast Otter  Trawl F ishery in the Great Barr ier  Reef 
Mar ine Park:  Technica l  report ,  Great Barr ier  Reef  Mar ine 
Park Author i ty,  Townsvi l le .

177. Duke, N.C. 2016, Mangrove Cl ick!  Austra l ia :  Expert 
ID for  Austra l ia ’s Mangrove Plants ,  MangroveWatch 
Ltd,  ht tps:// i tunes.apple.com/au/app/mangrove-au/
id1157235522?mt=8.

178. Duke, N.C. 2006, Austra l ia ’s Mangroves:  The 
Author i tat ive Guide to Austra l ia ’s Mangrove Plants , 
Univers i ty  of  Queensland, Br isbane.

179. Coles,  R. ,  McKenzie,  L.J.  and Campbel l ,  S.  2003, 
The seagrasses of  eastern Austra l ia ,  in World At las of 
Seagrasses ,  eds E.P. Green and T.S. Freder ick,  Uni ted 
Nat ions Envi ronment Programme Wor ld Conservat ion 
Monitor ing Centre and Univers i ty  of  Cal i forn ia Press, 
Berkeley,  Cal i forn ia.

180. Lee Long, W.J. ,  Mel lors,  J.E.  and Coles,  R.G. 
1993, Seagrasses between Cape York and Hervey Bay, 
Queensland, Austra l ia ,  Austra l ian Journal  of  Mar ine and 
Freshwater Research  44(1) :  19-31.

181. Ki lminster,  K. ,  McMahon, K. ,  Waycott ,  M.,  Kendr ick, 
G.A.,  Scanes, P. ,  McKenzie,  L. ,  O’Br ien,  K.R.,  Lyons, 
M.,  Ferguson, A. ,  Maxwel l ,  P. ,  Glasby,  T.  and Udy, J. 
2015, Unravel l ing complex i ty  in seagrass systems for 
management:  Austra l ia  as a microcosm, Science of  the 
Tota l  Env i ronment  534: 97-109.

182. Carruthers,  T.J.B.,  Dennison, W.C.,  Longstaff ,  B.J. , 
Waycott ,  M.,  Abal ,  E.G.,  McKenzie,  L.J.  and Lee Long, 
W.J.  2002, Seagrass habi tats of  northeast Austra l ia : 
models of  key processes and contro ls,  Bul let in of  Mar ine 
Science  71(3) :  1153-1169.

183. Waycott ,  M.,  Col l ier,  C. ,  McMahon, K. ,  Ralph,  P. , 
McKenzie,  L.J. ,  Udy,  J.  and Grech, A.  2007, Vulnerabi l i ty 
of  seagrasses in the Great Barr ier  Reef  to c l imate 
change, in Cl imate Change and the Great Barr ier  Reef : 
a Vulnerabi l i ty  Assessment ,  eds J.E.  Johnson and P.A. 
Marshal l ,  Great Barr ier  Reef  Mar ine Park Author i ty  and 
Austra l ian Greenhouse Off ice,  Townsvi l le ,  pp. 193-235.

184. McKenzie,  L.J. ,  Col l ier,  C.J. ,  Langlo is,  L.A. ,  Yoshida, 
R.L. ,  Smith,  N. and Waycott ,  M. 2018, Marine Monitor ing 
Program: Annual  Report  for  Inshore Seagrass Monitor ing 
2016-2017. Report  for  the Great Barr ier  Reef  Mar ine 
Park Author i ty ,  Great Barr ier  Reef  Mar ine Park Author i ty, 
Townsvi l le .

185. Col l ier,  C.J. ,  Adams, M.,  Langlo is,  L. ,  Waycott , 
M.,  O’Br ien,  K. ,  Maxwel l ,  P.  and McKenzie,  L.  2016, 
Thresholds for  morphologica l  response to l ight  reduct ion 

for  four t ropica l  seagrass species,  Ecologica l  Indicators 
67:  358-366.

186. Goat ley,  C.H.R. and Bel lwood, D.R. 2011, The ro les 
of  d imensional i ty,  canopies and complex i ty  in ecosystem 
monitor ing,  PLoS ONE  6:  e27307.

187. W i lson, S.K.,  Bel lwood, D.R.,  Choat,  J.H. and 
Furnas,  M.J.  2003, Detr i tus in the epi l i th ic a lga l  matr ix 
and i ts  use by cora l  reef  f ishes,  Oceanography and Mar ine 
Bio logy:  An Annual  Review  41:  279-309.

188. Del  Monaco, C.,  Hay,  M.E.,  Gartre l l ,  P. ,  Mumby, P.J. 
and Diaz-Pul ido,  G. 2017, Effects of  ocean acid i f icat ion 
on the potency of  macroalgal  a l le lopathy to a common 
cora l ,  Scient i f ic  Reports  7:  41053.

189. Waldeland, O.R. 2017, Habitat  Preferences and 
Associat ions of  Juveni le Algal-Associated F ishes on Cora l 
Reefs ,  Masters (Research)  Thesis,  James Cook Univers i ty, 
Townsvi l le .

190. W ismer,  S. ,  Hoey,  A.S. and Bel lwood, D.R. 2009, 
Cross-shel f  benth ic community structure on the Great 
Barr ier  Reef :  re lat ionships between macroalgal  cover and 
herbivore b iomass, Marine Ecology Progress Ser ies  376: 
45-54.

191. Diaz-Pul ido,  G.,  McCook, L.J. ,  Dove, S. , 
Berkelmans, R.,  Roff ,  G.,  K l ine,  D. I . ,  Weeks, S. ,  Evans, 
R.D.,  W i l l iamson, D.H. and Hoegh-Guldberg,  O. 2009, 
Doom and boom on a res i l ient  reef :  Cl imate change, a lga l 
overgrowth and cora l  recovery,  PLoS ONE  4 (4) :  e5239.

192. Loff ler,  Z.  and Hoey, A.S. 2018, Canopy-forming 
macroalgal  beds (Sargassum) on cora l  reefs are res i l ient 
to phys ica l  d isturbance, Journal  of  Ecology  106(3) :  1156-
1164.

193. Thompson, A. ,  Coste l lo,  P. ,  Davidson, J. ,  Logan, 
M.,  Coleman, G. and Gunn, K.  2018, Marine Monitor ing 
Program. Annual  Report  for  Cora l  Reef  Moni tor ing: 
2016 to 2017 ,  Great Barr ier  Reef  Mar ine Park Author i ty, 
Townsvi l le .

194. McCook, L.J. ,  Jompa, J.  and Diaz-Pul ido,  G. 2001, 
Compet i t ion between cora ls and a lgae on cora l  reefs:  a 
rev iew of  ev idence and mechanisms, Coral  Reefs  19(4) : 
400-417.

195. Johns, K.A.,  Emsl ie,  M.J. ,  Hoey,  A.S.,  Osborne, K. , 
Jonker,  M.J.  and Cheal ,  A.J.  2018, Macroalgal  feedbacks 
and substrate propert ies mainta in a cora l  reef  regime 
shi f t ,  Ecosphere  9 (7) :  e02349.

196. Dean, A.J. ,  Steneck, R.S.,  Tager,  D.  and Pandol f i , 
J .M. 2015, Distr ibut ion,  abundance and divers i ty  of 
crustose cora l l ine a lgae on the Great Barr ier  Reef ,  Coral 
Reefs  34:  581-594.

197. Casey,  J.M.,  Bai rd,  A.H.,  Brandl ,  S.J. ,  Hoogenboom, 
M.O.,  Rizzar i ,  J.R.,  Fr isch,  A.J. ,  Mirbach, C.E.  and 
Connol ly,  S.R. 2017, A test  of  t rophic cascade theory: 
f ish and benth ic assemblages across a predator densi ty 
gradient on cora l  reefs,  Oecologia  183(1) :  161-175.

198. Bel lwood, D.R.,  Stre i t ,  R.P.,  Brandl ,  S.J.  and 
Tebbett ,  S.B. ( in  press) ,  The meaning of  the term 
‘ funct ion’  in ecology:  A cora l  reef  perspect ive,  Funct ional 
Ecology  doi :  10.1111/1365-2435.13265.

199. Kramer,  M.J. ,  Bel lwood, D.R. and Bel lwood, O. 
2014, Large-scale spat ia l  var iat ion in epi l i th ic a lga l  matr ix 
cryptofaunal  assemblages on the Great Barr ier  Reef , 
Marine Bio logy  161(9) :  2183-2190.

200. Bessel l -Browne, P. ,  Negr i ,  A.P. ,  F isher,  R. ,  Clode, 
P.L.  and Jones, R. 2017, Impacts of  l ight  l imi tat ion on 
cora ls and crustose cora l l ine a lgae,  Scient i f ic  Reports 
7 (1) :  11553.

201. Webster,  N.S.,  Soo, R.,  Cobb, R. and Negr i ,  A. 
2011, E levated seawater temperature causes a microbia l 
sh i f t  on crustose cora l l ine a lgae with impl icat ions for  the 
recru i tment of  cora l  larvae,  The Internat ional  Society for 
Microbia l  Ecology Journal  5:  759-770.

202. Fabr ic ius,  K.E. ,  K lu ibenschedl ,  A. ,  Harr ington, L. , 
Noonan, S.  and De’ath,  G. 2015, In s i tu changes of 
t ropica l  crustose cora l l ine a lgae a long carbon diox ide 
gradients,  Scient i f ic  Reports  5:  9537.

203. Veron, J.E.N. 2000, Corals of  the Wor ld ,  Austra l ian 
Inst i tute of  Mar ine Science, Townsvi l le .

204. Alders lade, P.  and Fabr ic ius,  K.E.  2008, Octocora ls, 
in The Great Barr ier  Reef :  Bio logy,  Env i ronment and 
Management ,  eds P. Hutchings,  M. Kingsford and O. 
Hoegh-Guldberg,  CSIRO Publ ish ing,  Col l ingwood, pp. 
222-245.



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 303

205. Alders lade, P.  1986, An unusual  leaf- l ike Gorgonian 
(Coelenterata:  Octocora l l ia )  f rom the Great Barr ier  Reef , 
Austra l ia ,  The Beagle,  Occasional  Papers of  the Northern 
Terr i tory Museum of  Arts and Sciences  3:  81-93.

206. Loya, Y. ,  Eyal ,  G.,  Tre ib i tz ,  T. ,  Lesser,  M.P. and 
Appeldoorn,  R.  2016, Theme sect ion on mesophot ic 
cora l  ecosystems: advances in knowledge and future 
perspect ives,  Coral  Reefs  35(1) :  1-9.

207. Lough, J.  and Barnes,  D. 2000, Envi ronmenta l 
contro ls on growth of  the massive cora l  Por i tes ,  Journal  of 
Exper imenta l  Mar ine Bio logy and Ecology  245: 225-243.

208. Veron, J.E.N. 2011, Cora ls:  b io logy,  skeleta l 
deposi t ion,  and reef-bui ld ing,  in Encyclopedia of  Modern 
Cora l  Reefs:  Structure,  Form and Process ,  ed.  D. Hopley, 
Spr inger,  Nether lands, pp. 275-281.

209. Hughes, T.P. ,  Bai rd,  A.H.,  Bel lwood, D.R.,  Card,  M., 
Connol ly,  S.R.,  Folke,  C.,  Gosberg,  R. ,  Hoegh-Guldberg, 
O.,  Jackson, J.B.C.,  K leypas,  J.A. ,  Lough, J.M.,  Marshal l , 
P.A. ,  Nyström, M.,  Palumbi,  S.R.,  Pandol f i ,  J .M.,  Rosen, 
B. and Roughgarden, J.  2003, Cl imate change, human 
impacts,  and the res i l ience of  cora l  reefs,  Science  301: 
929-933.

210. Kerry,  J.T.  and Bel lwood, D.R. 2015, Do tabular 
cora ls const i tute keystone structures for  f ishes on cora l 
reefs? Coral  Reefs  34(1) :  41-50.

211. Pratchett ,  M.S.,  Munday, P.L. ,  W i lson, S.K.,  Graham, 
N.A.J. ,  Cinner,  J.E. ,  Bel lwood, D.R.,  Jones,  G.P.,  Polunin, 
N.V.C. and McClanahan, T.R. 2008, Effects of  c l imate-
induced cora l  b leaching on cora l- reef  f ishes:  ecologica l 
and economic consequences, Oceanography and Mar ine 
Bio logy:  An Annual  Review  46:  251-296.

212. Loya, Y. ,  Sakai ,  K. ,  Yamazato,  K. ,  Nakano, Y. , 
Sambal i ,  H.  and van Woesik,  R.  2001, Cora l  b leaching: 
the winners and the losers,  Ecology Letters  4 (2) :  122-131.

213. van Woesik,  R. ,  Sakai ,  K. ,  Ganase, A.  and Loya, Y. 
2011, Revis i t ing the winners and the losers a decade af ter 
cora l  b leaching, Marine Ecology Progress Ser ies  434: 
67-76.

214. Gleason, M.G. 1993, Effects of  d isturbance on cora l 
communit ies:  b leaching in Moorea,  French Polynesia, 
Coral  Reefs  12(3-4) :  193-201.

215. Pratchett ,  M.S.,  Schenk, T.J. ,  Baine,  M.,  Syms, C. 
and Baird,  A.H. 2009, Select ive cora l  morta l i ty  associated 
with outbreaks of  Acanthaster  p lanci  L .  in  Boot less Bay, 
Papua New Guinea, Marine Envi ronmenta l  Research  67(4-
5) :  230-236.

216. Schoepf,  V. ,  Her ler,  J.  and Zuschin,  M. 2010, 
Microhabi tat  use and prey se lect ion of  the cora l-
feeding snai l  Drupel la  cornus in the northern Red Sea, 
Hydrobio logia  641(1) :  45-57.

217. W i l l is ,  B.L. ,  Page, C.A. and Dinsdale,  E.A.  2004, 
Cora l  d isease and the Great Barr ier  Reef ,  in Coral  Heal th 
and Disease ,  eds E.  Rosenberg and Y. Loya, Spr inger-
Ver lag,  Hel ide lberg,  pp. 69-104.

218. Álvarez-Nor iega, M.,  Bai rd,  A.H.,  Br idge, T.C.L. , 
Dornelas,  M.,  Fontoura,  L. ,  P izarro,  O.,  Precoda, K. , 
Torres-Pul l iza,  D.,  Woods, R.M. and Zawada, K.  2018, 
Contrast ing patterns of  changes in abundance fo l lowing a 
b leaching event between juveni le and adul t  sc leract in ian 
cora ls,  Coral  Reefs  37(2) :  527-532.

219. Osborne, K. ,  Thompson, A.A.,  Cheal ,  A.J. ,  Emsl ie, 
M.J. ,  Johns, K.A.,  Jonker,  M.J. ,  Logan, M.,  Mi l ler,  I .R. 
and Sweatman, H.P.A. 2017, Delayed cora l  recovery in a 
warming ocean, Global  Change Bio logy  23(9) :  3869-3881.

220. Pi tcher,  C.R.,  Doherty,  P.J.  and Anderson, T.J. 
2008, Seabed envi ronments,  habi tats and bio logica l 
assemblages,  in The Great Barr ier  Reef :  Bio logica l , 
Env i ronment and Management ,  eds P.A. Hutchings,  M.J. 
Kingsford and O. Hoegh-Guldberg,  CSIRO, Col l ingwood, 
V ic,  pp. 51-58.

221. Hutchings,  P.  and Hoegh-Guldberg,  O. 2008, 
Calc i f icat ion,  eros ion and the establ ishment of  the 
f ramework of  cora l  reefs,  in The Great Barr ier  Reef : 
Bio logica l ,  Env i ronment and Management ,  eds P. 
Hutchings,  O. Hoegh-Guldberg and M. Kingsford,  CSIRO 
Publ ish ing,  Col l ingwood, pp. 74-84.

222. ABRS 2009, Austra l ian Faunal  Di rectory ,  Austra l ian 
Bio logica l  Resources Study,  Canberra,  ht tp://www.
envi ronment.gov.au/biodivers i ty/abrs/onl ine-resources/
fauna/afd/ index.html.

223. Castro,  P.  1988, Animal  symbioses in cora l  reef 
communit ies:  a rev iew, Symbios is  5 (3) :  161-184.

224. W i lson, E.O. 1987, The l i t t le  th ings that  run the 
wor ld ( the importance and conservat ion of  invertebrates) , 
Conservat ion Bio logy  1 (4) :  344-346.

225. Smi l ,  V.  2003, The Earth’s Biosphere:  Evolut ion, 
Dynamics,  and Change ,  MIT Press,  Cambr idge, 
Massachusetts.

226. Kramer,  M.J. ,  Bel lwood, D.R. and Bel lwood, O. 2014, 
Benth ic Crustacea on cora l  reefs:  a quant i tat ive survey, 
Marine Ecology Progress Ser ies  511: 105-116.

227. Hutchings,  P.  2011, Bioeros ion,  in Encyclopedia of 
Modern Cora l  Reefs:  Structure,  Form and Process ,  ed.  D. 
Hopley,  Spr inger,  Nether lands, pp. 139-156.

228. Becker,  J.  and Grutter,  A.  2004, Cleaner shr imp do 
c lean, Coral  Reefs  23(4) :  515-520.

229. Prather,  C.M.,  Pel in i ,  S.L. ,  Laws, A. ,  Rivest ,  E. , 
Woltz,  M.,  Bloch, C.P.,  Del  Toro,  I . ,  Ho, C.,  Kominoski ,  J. 
and Newbold,  T.  2013, Invertebrates,  ecosystem serv ices 
and c l imate change, Biologica l  Rev iews  88(2) :  327-348.

230. Blockley,  A. ,  E l l iot t ,  D.R.,  Roberts,  A.P. and Sweet, 
M. 2017, Symbiot ic microbes f rom mar ine invertebrates: 
Dr iv ing a new era of  natura l  product drug discovery, 
Divers i ty  9 (4) :  49.

231. Byrne,  M. 2011, Impact of  ocean warming and ocean 
acid i f icat ion on mar ine invertebrate l i fe  h istory stages: 
Vulnerabi l i t ies and potent ia l  for  pers istence in a changing 
ocean, Oceanography and Mar ine Bio logy:  An Annual 
Review  49:  1-42.

232. Byrne,  M. and Przes lawski ,  R.  2013, Mult is t ressor 
impacts of  warming and acid i f icat ion of  the ocean on 
mar ine invertebrates’  l i fe  h istor ies,  Integrat ive and 
Comparat ive Bio logy  53(4) :  582-596.

233. Atk inson, D. 1994, Temperature and organism s ize: 
a b io logica l  law for  ectotherms? Advances in Ecologica l 
Research  25:  1-58.

234. Nguyen, K.D.T. ,  Mor ley,  S.A.,  La i ,  C. ,  Clark,  M.S., 
Tan, K.S.,  Bates,  A.E.  and Peck, L.S.  2011, Upper 
temperature l imi ts of  t ropica l  mar ine ectotherms: g lobal 
warming impl icat ions,  PLoS ONE  6 (12) :  e29340.

235. Osborn,  I .  2016, Personal  communicat ion .

236. Uth icke,  S. ,  Momigl iano, P.  and Fabr ic ius,  K.E. 
2013, High r isk of  ext inct ion of  benth ic foramin i fera in th is 
century due to ocean acid i f icat ion,  Scient i f ic  Reports  3: 
1769.

237. Wol fe,  K. ,  Dwor janyn, S.A. and Byrne,  M. 2013, 
Effects of  ocean warming and acid i f icat ion on surv iva l , 
growth and skeleta l  development in the ear ly  benth ic 
juveni le sea urchin (Hel ioc idar is  erythrogramma) ,  Global 
Change Bio logy  19(9) :  2698-2707.

238. Bennett ,  H.,  Bel l ,  J .J. ,  Davy,  S.K.,  Webster,  N.S. 
and Francis,  D.S. 2018, E luc idat ing the sponge stress 
response; l ip ids and fat ty ac ids can fac i l i tate surv iva l 
under future c l imate scenar ios,  Global  Change Bio logy 
24(7) :  3130-3144.

239. E is ler,  R.  1969, Acute tox ic i t ies of  insect ic ides to 
mar ine decapod crustaceans, Crustaceana  16(3) :  302-
310.

240. Abele,  L.G. 1976, Comparat ive species r ichness in 
f luctuat ing and constant env i ronments:  cora l-associated 
decapod crustaceans, Science  192(4238):  461-463.

241. Uth icke,  S. ,  Welch,  D. and Benzie,  J.A.H. 2004, Slow 
growth and lack of  recovery in over f ished holothur ians on 
the Great Barr ier  Reef :  ev idence f rom DNA f ingerpr ints 
and repeated large-scale surveys,  Conservat ion Bio logy 
18(5) :  1395-1404.

242. Er iksson, H. and Byrne,  M. 2015, The sea cucumber 
f ishery in Austra l ia ’s Great Barr ier  Reef  Mar ine Park 
fo l lows g lobal  patterns of  ser ia l  explo i tat ion,  Fish & 
F isher ies  16(2) :  329-341.

243. Ste l la ,  J.S. ,  Munday, P.L.  and Jones, G.P. 2011, 
Effects of  cora l  b leaching on the obl igate cora l-dwel l ing 
crab Trapezia cymodoce, Coral  Reefs  30(3) :  719-727.

244. Stuart-Smith,  R.D.,  Brown, C.J. ,  Ceccare l l i ,  D.M. 
and Edgar,  G.J.  2018, Ecosystem restructur ing a long the 
Great Barr ier  Reef  fo l lowing mass cora l  b leaching, Nature 
560(7716):  92.

245. Knowlton,  N. and Rohwer,  F.  2003, Mult ispecies 
microbia l  mutual isms on cora l  reefs:  The host as a habi tat , 
Amer ican Natura l is t  162(4) :  S51-S62.

246. de Vargas,  C.,  Audic,  S. ,  Henry,  N.,  Decel le,  J. , 
Mahe, F. ,  Logares,  R. ,  Lara,  E. ,  Berney,  C.,  Le Bescot,  N., 
Probert ,  I . ,  Carmichael ,  M.,  Poula in,  J. ,  Romac, S. ,  Col in, 



304 REFERENCES

S.,  Aury,  J.M.,  Bi t tner,  L. ,  Chaff ron,  S. ,  Dunthorn,  M., 
Engelen,  S. ,  F legontova,  O.,  Guid i ,  L. ,  Horak,  A. ,  Ja i l lon, 
O.,  L ima-Mendez, G.,  Lukes,  J. ,  Malv iya,  S. ,  Morard,  R. , 
Mulot ,  M.,  Scalco,  E. ,  S iano, R.,  V incent,  F. ,  Z ingone, A. , 
Dimier,  C.,  P ichera l ,  M.,  Searson, S. ,  Kandels-Lewis,  S. , 
Tara Oceans Coordinators,  Acinas,  S.G.,  Bork,  P. ,  Bowler, 
C.,  Gorsky,  G.,  Gr imsley,  N.,  Hingamp, P. ,  Iudicone, D., 
Not,  F. ,  Ogata,  H.,  Pesant,  S. ,  Raes,  J. ,  S ieracki ,  M.E., 
Speich,  S. ,  Stemmann, L. ,  Sunagawa, S. ,  Weissenbach, 
J. ,  W incker,  P.  and Karsent i ,  E.  2015, Ocean plankton: 
Eukaryot ic p lankton divers i ty  in the sunl i t  ocean, Science 
348(6237):  1261605.

247. Glas l ,  B. ,  Bourne,  D.G.,  Frade, P.R. and Webster, 
N.S. 2018, Establ ish ing microbia l  basel ines to ident i fy 
indicators of  cora l  reef  heal th,  Microbio logy Austra l ia 
39(1) :  42-46.

248. Bourne, D.G.,  Morrow, K.M. and Webster,  N.S. 2016, 
Ins ights into the cora l  microbiome: Underpinning the 
heal th and res i l ience of  reef  ecosystems, Annual  Review of 
Microbio logy  70(1) :  317-340.

249. Webster,  N.S. and Thomas, T.  2016, The Sponge 
hologenome, mBio  7 (2) :  e00135-16.

250. Egan, S. ,  Harder,  T. ,  Burke,  C.,  Ste inberg,  P. , 
K je l leberg,  S.  and Thomas, T.  2013, The seaweed 
holobiont:  understanding seaweed–bacter ia interact ions, 
FEMS Microbio logy Reviews  37(3) :  462-476.

251. Grotto l i ,  A.G.,  Rodr igues,  L.J.  and Palardy,  J.E. 
2006, Heterotrophic p last ic i ty  and res i l ience in b leached 
cora ls,  Nature  440: 1186-1189.

252. Palardy,  J.E. ,  Rodr igues,  L.J.  and Grotto l i ,  A.G. 
2008, The importance of  zooplankton to the dai ly 
metabol ic carbon requirements of  heal thy and bleached 
cora ls at  two depths,  Journal  of  Exper imenta l  Mar ine 
Bio logy and Ecology  367(2) :  180-188.

253. F ie ld,  C.B.,  Behrenfe ld,  M.J. ,  Randerson, J.T.  and 
Falkowski ,  P.  1998, Pr imary product ion of  the b iosphere: 
integrat ing terrestr ia l  and oceanic components,  Science 
281(5374):  237-240.

254. O’Br ien,  P.A.,  Morrow, K.M.,  W i l l is ,  B.L.  and 
Bourne, D.G. 2016, Impl icat ions of  ocean acid i f icat ion for 
mar ine microorganisms f rom the f ree- l iv ing to the host-
associated, Front iers in Mar ine Science  3:  47.

255. McFal l -Ngai ,  M.,  Hadf ie ld,  M.G.,  Bosch, T.C.,  Carey, 
H.V. ,  Domazet-Loso, T. ,  Douglas,  A.E. ,  Dubi l ier,  N.,  Eber l , 
G.,  Fukami,  T. ,  Gi lbert ,  S.F. ,  Hentschel ,  U. ,  K ing,  N., 
K je l leberg,  S. ,  Knol l ,  A.H.,  Kremer,  N.,  Mazmanian,  S.K., 
Metcal f ,  J.L. ,  Nealson, K. ,  P ierce,  N.E. ,  Rawls,  J.F. ,  Reid, 
A. ,  Ruby, E.G.,  Rumpho, M.,  Sanders,  J.G.,  Tautz,  D. and 
Wernegreen, J.J.  2013, Animals in a bacter ia l  wor ld,  a 
new imperat ive for  the l i fe  sc iences,  Proceedings of  the 
Nat ional  Academy of  Sciences of  the Uni ted States of 
Amer ica  110(9) :  3229-3236.

256. Ainsworth,  T.D. and Gates,  R.D. 2016, Cora ls’ 
microbia l  sent ine ls,  Science  352(6293):  1518-1519.

257. Z iegler,  M.,  Seneca, F.O.,  Yum, L.K.,  Palumbi,  S.R. 
and Voolstra,  C.R. 2017, Bacter ia l  community dynamics 
are l inked to patterns of  cora l  heat to lerance, Nature 
Communicat ions  8:  14213.

258. Webster,  N.S. and Reusch, T.B. 2017, Microbia l 
contr ibut ions to the pers istence of  cora l  reefs,  The ISME 
Journal  11(10) :  2167.

259. Furnas,  M.,  Mitchel l ,  A. ,  Skuza, M. and Brodie,  J.E. 
2005, In the other 90 per cent:  Phytoplankton responses 
to enhanced nutr ient  ava i lab i l i ty  in the Great Barr ier  Reef 
lagoon, Marine Pol lut ion Bul let in  51:  253-265.

260. Glas l ,  B. ,  Webster,  N.S. and Bourne, D.G. 2017, 
Microbia l  ind icators as a d iagnost ic tool  for  assessing 
water qual i ty  and c l imate stress in cora l  reef  ecosystems, 
Marine Bio logy  164(4) :  91.

261. Angly,  F.E. ,  Heath,  C.,  Morgan, T.C.,  Tonin,  H.,  Rich, 
V. ,  Schaffe lke,  B. ,  Bourne,  D.G. and Tyson, G.W. 2016, 
Mar ine microbia l  communit ies of  the Great Barr ier  Reef 
lagoon are in f luenced by r iver ine f loodwaters and seasonal 
weather events,  PeerJ  4:  e1511.

262. McKinnon, A.D.,  Richardson, A.J. ,  Burford,  M.A. 
and Furnas,  M.J.  2007, Vulnerabi l i ty  of  Great Barr ier  Reef 
p lankton to c l imate change, in Cl imate Change and the 
Great Barr ier  Reef :  A Vulnerabi l i ty  Assessment ,  eds J.E. 
Johnson and P.A. Marshal l ,  Great Barr ier  Reef  Mar ine Park 
Author i ty  and Austra l ian Greenhouse Off ice,  Townsvi l le , 
pp. 121-152.

263. Richardson, A.J.  2008, In hot water:  zooplankton 
and c l imate change, ICES Journal  of  Mar ine Science 
65(3) :  279-295.

264. White,  A. ,  Zhang, X. ,  Wel l ing,  L.A. ,  Roman, M.R. 
and Dam, H.G. 1995, Lat i tudina l  gradients in zooplankton 
biomass in the t ropica l  Paci f ic  at  140°W dur ing the JGOFS 
EqPac study:  Effects of  E l  Niño,  Deep Sea Research Part 
I I :  Topica l  Studies in Oceanography  42(2-3) :  715-733.

265. Webster,  N.S.,  Wagner,  M. and Negr i ,  A.P.  2018, 
Microbia l  conservat ion in the Anthropocene, Envi ronmenta l 
Microbio logy  20(6) :  1925-1928.

266. Hutchings,  P. ,  K ingsford,  M. and Hoegh-Guldberg,  O. 
(eds)  2019, The Great Barr ier  Reef :  Bio logy,  Env i ronment 
and Management ,  2nd edn, CSIRO Publ ish ing,  Clayton 
South,  Austra l ia .

267. Jones,  E.M.,  Dobl in,  M.A.,  Matear,  R.  and King, E. 
2015, Assessing and evaluat ing the ocean-colour footpr int 
of  a regional  observ ing system, Journal  of  Mar ine Systems 
143: 49-61.

268. Moberg,  F.  and Folke,  C. 1999, Ecologica l  goods and 
serv ices of  cora l  reef  ecosystems, Ecologica l  Economics 
29(2) :  215-233.

269. Hempson, T.N.,  Graham, N.A.J. ,  MacNei l ,  M.A., 
W i l l iamson, D.H.,  Jones,  G.P. and Almany, G.R. 2017, 
Cora l  reef  mesopredators switch prey,  shortening food 
chains,  in response to habi tat  degradat ion,  Ecology and 
Evolut ion  7 (8) :  2626-2635.

270. W i lson, S.K.,  Graham, N.A.J. ,  Pratchett ,  M.S., 
Jones,  G.P. and Polunin,  N.V.C. 2006, Mult ip le 
d isturbances and the g lobal  degradat ion of  cora l  reefs: 
are reef  f ishes at  r isk or  res i l ient? Global  Change Bio logy 
12(11) :  2220-2234.

271. Graham, N.A.J. ,  W i lson, S.K.,  Jennings,  S. ,  Polunin, 
N.V.C.,  Robinson, J.A.N.,  Bi joux,  J.P.  and Daw, T.M. 2007, 
Lag effects in the impacts of  mass cora l  b leaching on 
cora l  reef  f ish,  f isher ies,  and ecosystems, Conservat ion 
Bio logy  21(5) :  1291-1300.

272. Kei th,  S.A.,  Bai rd,  A.H.,  Hobbs, J.A. ,  Woolsey, 
E.S.,  Hoey,  A.S.,  Fadl i ,  N.  and Sanders,  N.J.  2018, 
Synchronous behavioura l  sh i f ts  in reef  f ishes l inked to 
mass cora l  b leaching, Nature Cl imate Change  8:  986-991.

273. Richardson, L.E. ,  Graham, N.A.J. ,  Pratchett ,  M.S., 
Eur ich,  J.G. and Hoey, A.S. 2018, Mass cora l  b leaching 
causes b iot ic homogenizat ion of  reef  f ish assemblages, 
Global  Change Bio logy  24(7) :  3117-3129.

274. Ceccare l l i ,  D.M.,  Emsl ie,  M.J.  and Richards,  Z.T. 
2016, Post-d isturbance stabi l i ty  of  f ish assemblages 
measured at  coarse taxonomic resolut ion masks change 
at  f iner  scales,  PLoS ONE  11(6) :  e0156232.

275. Booth,  D.J. ,  Feary,  D.A.,  Kobayashi ,  D.  and Luiz, 
O.J.  2017, Tropica l  mar ine f ishes and f isher ies and c l imate 
change, in Cl imate Change Impacts on F isher ies and 
Aquacul ture:  A Global  Analys is ,  eds B.F.  Phi l l ips and M. 
Pérez-Ramírez,  W i ley-Blackwel l ,  pp. 875-896.

276. Arth ington, A.H.,  Dulvy,  N.K.,  Gladstone, W. and 
Winf ie ld,  I .J .  2016, F ish conservat ion in f reshwater and 
mar ine rea lms: status,  threats and management,  Aquat ic 
Conservat ion  26(5) :  838-857.

277. Johansen, J.L. ,  Messmer,  V. ,  Coker,  D.J. ,  Hoey,  A.S. 
and Pratchett ,  M.S. 2014, Increasing ocean temperatures 
reduce act iv i ty  patterns of  a large commercia l ly  important 
cora l  reef  f ish,  Global  Change Bio logy  20(4) :  1067-1074.

278. Messmer,  V. ,  Pratchett ,  M.S.,  Hoey,  A.S.,  Tobin,  A.J. , 
Coker,  D.J. ,  Cooke, S.J.  and Clark,  T.D. 2017, Global 
warming may disproport ionate ly affect  larger adul ts in a 
predatory cora l  reef  f ish,  Global  Change Bio logy  23(6) : 
2230-2240.

279. Pratchett ,  M.S.,  Thompson, C.A.,  Hoey,  A.S., 
Cowman, P.F.  and Wi lson, S.K. 2018, Effects of  cora l 
b leaching and cora l  loss on the structure and funct ion 
of  reef  f ish assemblages,  in Coral  Bleaching: Patterns, 
Processes,  Causes and Consequences ,  eds M.J.H. van 
Oppen and J.M. Lough, Spr inger Internat ional  Publ ish ing, 
Cham, pp. 265-293.

280. Johansen, J.L. ,  Pratchett ,  M.S.,  Messmer,  V. ,  Coker, 
D.J. ,  Tobin,  A.J.  and Hoey, A.S. 2015, Large predatory 
cora l  t rout species unl ike ly to meet increasing energet ic 
demands in a warming ocean, Scient i f ic  Reports  5:  13830.

281. Goat ley,  C.H.R.,  Bonaldo, R.M.,  Fox,  R.J.  and 
Bel lwood, D.R. 2016, Sediments and herbivory as 
sensi t ive indicators of  cora l  reef  degradat ion,  Ecology and 
Society  21(1) :  29.



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 305

282. Austra l ian Inst i tute of  Mar ine Science 2018, Long 
Term Monitor ing Program: Latest  Surveys ,  Austra l ian 
Inst i tute of  Mar ine Science, ht tps://www.aims.gov.au/
docs/research/monitor ing/reef/ reef-monitor ing.html.

283. Chin,  A. ,  Kyne, P.M.,  White,  W.T. and Hi l lcoat,  S. 
2016, Checkl ist  of  the Chondr ichthyan F ishes (Sharks, 
Rays and Chimaeras)  of  the Great Barr ier  Reef  Wor ld 
Her i tage Area ,  doi :  10.13140/RG.2.1.3925.2088.

284. Luci fora,  L.O.,  Garc ía,  V.B. and Worm, B. 2011, 
Global  d ivers i ty  hotspots and conservat ion pr ior i t ies for 
sharks,  PLoS ONE  6 (5) :  e19356.

285. Roff ,  G.,  Doropoulos,  C.,  Rogers,  A. ,  Bozec, Y. , 
Krueck, N.C.,  Aure l lado, E. ,  Pr iest ,  M.,  Bi r re l l ,  C.  and 
Mumby, P.J.  2016, The ecologica l  ro le of  sharks on cora l 
reefs,  Trends in Ecology and Evolut ion  31(5) :  395-407.

286. Ceccare l l i ,  D.M.,  Fr isch,  A.J. ,  Graham, N.A.J. , 
Ay l ing,  A.M. and Beger,  M. 2014, Habi tat  part i t ion ing and 
vulnerabi l i ty  of  sharks in the Great Barr ier  Reef  Mar ine 
Park,  Reviews in F ish Bio logy and F isher ies  24:  169-197.

287. Harry,  A.V. ,  Tobin,  A.J. ,  S impfendorfer,  C.A., 
Welch,  D.J. ,  Mapleston, A. ,  White,  J. ,  W i l l iams, A.J.  and 
Stapley,  J.  2011, Evaluat ing catch and mit igat ing r isk 
in a mult ispecies,  t ropica l ,  inshore shark f ishery wi th in 
the Great Barr ier  Reef  Wor ld Her i tage Area,  Marine and 
Freshwater Research  62(6) :  710-721.

288. Tobin,  A.J. ,  S impfendorfer,  C.A.,  Mapleston, A. , 
Currey,  L. ,  Harry,  A.V. ,  Welch,  D.J. ,  Bal lagh, A.C.,  Chin, 
A. ,  Szczecinsk i ,  N. ,  Schlaff ,  A. ,  White,  J.  and Moore, 
B.  2010, A Quant i tat ive Ecologica l  R isk Assessment 
of  Sharks and F inf ish of  the Great Barr ier  Reef  Wor ld 
Her i tage Area Inshore Waters:  A Tool  for  F isher ies and 
Mar ine Park Managers.  Ident i fy ing Species at  Risk and 
Potent ia l  Mit igat ion Strategies ,  Mar ine and Tropica l 
Sciences Research Faci l i ty,  Cai rns.

289. Sih,  T.L. ,  Cappo, M. and Kingsford,  M. 2017, Deep-
reef  f ish assemblages of  the Great Barr ier  Reef  shel f-
break (Austra l ia ) ,  Scient i f ic  Reports  7 (1) :  10886.

290. Rigby,  C. and Simpfendorfer,  C.A. 2015, Patterns 
in l i fe  h istory t ra i ts of  deep-water chondr ichthyans,  Deep 
Sea Research Part  I I :  Topica l  Studies in Oceanography 
115: 30-40.

291. Dulvy,  N.K.,  Fowler,  S.L. ,  Musick,  J.A. ,  Cavanagh, 
R.D.,  Kyne, P.M.,  Harr ison, L.R.,  Car lson, J.K. ,  Davidson, 
L.N.K.,  Fordham, S.V. ,  Francis,  M.P.,  Pol lock,  C.M., 
S impfendorfer,  C.A.,  Burgess,  G.H.,  Carpenter,  K.E. , 
Compagno, L.J.V. ,  Ebert ,  D.A.,  Gibson, C.,  Heupel , 
M.R.,  L iv ingstone, S.R.,  Sanciangco, J.C.,  Stevens, 
J.D.,  Valent i ,  S.  and White,  W.T. 2014, Ext inct ion r isk 
and conservat ion of  the wor ld’s sharks and rays,  eLi fe  3: 
e00590.

292. Dulvy,  N.K.,  Davidson, L.N.K.,  Kyne, P.M., 
S impfendorfer,  C.A.,  Harr ison, L.R.,  Car lson, J.K.  and 
Fordham, S.V.  2016, Ghosts of  the coast:  g lobal  ext inct ion 
r isk and conservat ion of  sawf ishes,  Aquat ic Conservat ion: 
Mar ine and Freshwater Ecosystems  26(1) :  134-153.

293. Chin,  A. ,  Kyne, P.M.,  Walker,  T. I .  and McAuley, 
R.B. 2010, An integrated r isk assessment for  c l imate 
change: Analys ing the vu lnerabi l i ty  of  sharks and rays 
on Austra l ia ’s Great Barr ier  Reef ,  Global  Change Bio logy 
16(7) :  1936-1953.

294. Envi ronment Protect ion and Biodivers i ty 
Conservat ion Act 1999  (Cwlth) .

295. Hisano, M.,  Connol ly,  S.R. and Robbins,  W. 2011, 
Populat ion growth rates of  reef  sharks with and without 
f ish ing on the Great Barr ier  Reef ,  PLoS ONE  6 (9) :  e25028.

296. Espinoza, M.,  Cappo, M.,  Heupel ,  M.R.,  Tobin, 
A.J.  and Simpfendorfer,  C.A. 2014, Quant i fy ing shark 
d ist r ibut ion patterns and species-habi tat  associat ions: 
Impl icat ions of  Mar ine Park Zoning, PLoS ONE  9 (9) : 
e106885.

297. Fr isch,  A.J.  and Rizzar i ,  J.R. 2019, Parks for  sharks: 
human exclus ion areas outperform no-take mar ine 
reserves,  Front iers in Ecology and the Envi ronment  17(3) : 
145-150.

298. Roff ,  G.,  Brown, C.J. ,  Pr iest ,  M.A. and Mumby, P.J. 
2018, Decl ine of  coasta l  apex shark populat ions over the 
past ha l f  century,  Communicat ions Bio logy  1 (1) :  223.

299. Great Barr ier  Reef  Mar ine Park Author i ty  2012, 
A Vulnerabi l i ty  Assessment for  the Great Barr ier  Reef : 
Sawf ish ,  Great Barr ier  Reef  Mar ine Park Author i ty, 
Townsvi l le .

300. Heatwole,  H. and Lukoschek, V.  2008, Rept i les, 
in The Great Barr ier  Reef :  Bio logica l ,  Env i ronment and 
Management ,  eds P. Hutchings,  M. Kingsford and O. 
Hoegh-Guldberg,  CSIRO Publ ish ing,  Col l ingwood, V ic,  pp. 
343-349.

301. Heatwole,  H. 1999, Sea Snakes ,  Univers i ty  of  New 
South Wales Press,  Sydney.

302. Courtney,  A.J. ,  Schemel,  B. I . ,  Wal lace,  R.M., 
Campbel l ,  M.J.  and Mayer,  D.J.  2010, Reducing the 
impact of  Queensland’s t rawl  f isher ies on protected sea 
snakes ,  F isher ies Research and Development Corporat ion 
and Department of  Employment,  Economic Development 
and Innovat ion,  Br isbane.

303. Udyawer,  V. ,  Read, M.,  Hamann, M.,  Heupel ,  M.R. 
and Simpfendorfer,  C.A. 2016, Importance of  shal low 
t ida l  habi tats as refugia f rom trawl  f ish ing for  sea snakes, 
Journal  of  Herpeto logy  50(4) :  527-533.

304. Lukoschek, V. ,  Heatwole,  H.,  Grech, A. ,  Burns,  G. 
and Marsh,  H. 2007, Distr ibut ion of  two species of  sea 
snakes,  Aipysurus laev is  and Emydocephalus annulatus , 
in  the southern Great Barr ier  Reef :  metapopulat ion 
dynamics,  mar ine protected areas and conservat ion,  Coral 
Reefs  26(2) :  291-307.

305. Udyawer,  V. ,  Cappo, M.,  S impfendorfer,  C.,  Heupel , 
M. and Lukoschek, V.  2014, Distr ibut ion of  sea snakes in 
the Great Barr ier  Reef  Mar ine Park:  observat ions f rom 10 
yrs of  bai ted remote underwater v ideo stat ion (BRUVS) 
sampl ing,  Coral  Reefs  33(3) :  777-791.

306. Marsh,  H.,  Heatwole,  H. and Lukoschek, V.  2019, 
Mar ine mammals and rept i les,  in The Great Barr ier  Reef : 
Bio logy,  Env i ronment and Management ,  eds P. Hutchings, 
M. Kingsford and O. Hoegh-Guldberg,  2nd edn, CSIRO 
Publ ish ing,  Clayton South,  Austra l ia ,  pp. 407-418.

307. Lucas,  P.H.C.,  Webb, T. ,  Valent ine,  P.S. and Marsh, 
H. 1997, The Outstanding Universa l  Value of  the Great 
Barr ier  Reef  Wor ld Her i tage Area ,  Great Barr ier  Reef 
Mar ine Park Author i ty,  Townsvi l le .

308. Department of  the Envi ronment and Energy 2017, 
Recovery Plan for  Mar ine Turt les in Austra l ia  2017-2027 , 
Commonwealth of  Austra l ia ,  Canberra.

309. Bjorndal ,  K.A. and Jackson, J.B.C. 2003, Roles of 
sea turt les in mar ine ecosystems: Reconstruct ing the 
past,  in The Bio logy of  Sea Turt les:  Volume I I ,  eds P.L. 
Lutz,  J.A.  Musick and J.  Wyneken, CRC Press,  Boca 
Raton, F lor ida,  pp. 259–273.

310. L impus, C.J.  1978, The reef ,  in Explorat ion North: 
Austra l ia ’s Wi ld l i fe  f rom Desert  to Reef ,  ed.  H.J.  Lavery, 
Richmond Hi l l  Press,  Richmond, V ic,  pp. 187-222.

311. L impus, C.J.  2008, A bio logica l  rev iew of  Austra l ian 
mar ine turt le species,  2.  Green turt le,  Chelonia mydas 
(L innaeus) ,  Env i ronmenta l  Protect ion Agency,  Br isbane.

312. Department of  Env i ronment and Science 2018, 
‘Queensland turt le conservat ion pro ject  database’, 
Unpubl ished, Queensland Government.

313. James Cook Univers i ty  of  North Queensland 
1980, Management of  tur t le resources.  Proceedings 
of  a Seminar he ld jo int ly  by Appl ied Ecology Pty Ltd 
and the Department of  Tropica l  Veter inary Science. 
Research Monograph 1 ,  James Cook Univers i ty  of  North 
Queensland, Townsvi l le .

314. Dunstan,  A. ,  Norr is ,  B.  and Sievers,  W. 2015, 
Raine Is land Turt le Recovery Pro ject  2014–2015 Season 
Technica l  Report ,  Department of  Env i ronment and 
Her i tage Protect ion,  Br isbane, Austra l ia .

315. Dunstan,  A.J.  and Robertson, K.  2018, (Draf t )  Raine 
Is land Recovery Pro ject :  2017-18 Season Technica l 
Report  to the Raine Is land Scient i f ic  Advisory Committee 
and Raine Is land Reference Group ,  Department of  Nat ional 
Parks,  Sport  and Racing, Queensland Government, 
Br isbane.

316. Great Barr ier  Reef  Mar ine Park Author i ty  2017, Great 
Barr ier  Reef  Mar ine Park Author i ty  2015-16 Annual  Report , 
Great Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

317. L impus, C.J. ,  Mi l ler,  J.D.,  Parmenter,  C.J.  and 
L impus, D.J.  2003, The green turt le,  Chelonia mydas , 
populat ion of  Raine Is land and the northern Great Barr ier 
Reef :  1843-2001, Memoirs of  the Queensland Museum 
49(1) :  349-440.

318. L impus, C.J.  2009, A Bio logica l  Rev iew of  Austra l ian 
Mar ine Turt les ,  Env i ronmenta l  Protect ion Agency, 
Br isbane.



306 REFERENCES

319. Jensen, M.P.,  A l len,  C.D.,  Eguchi ,  T. ,  Bel l ,  I .P. , 
LaCasel la,  E.L. ,  Hi l ton,  W.A.,  Hof,  C.A.M. and Dutton, 
P.H. 2018, Envi ronmenta l  warming and femin izat ion of  one 
of  the largest sea turt le populat ions in the wor ld,  Current 
Bio logy  28(1) :  154-159.e4.

320. L impus, C.J.  2008, A bio logica l  rev iew of  Austra l ian 
mar ine turt le species,  1 Loggerhead turt le,  Caretta caretta 
(L innaeus) ,  Env i ronmenta l  Protect ion Agency,  Br isbane.

321. L impus, C.J.  2019, Personal  Communicat ion .

322. L impus, C.,  Bel l ,  I .  and Freeman, A.  ‘Nominat ion 
form and guidel ines for  l is t ing protected wi ld l i fe  under 
the Nature Conservat ion Act 1992 :  Hawksbi l l  tur t le ’ , 
Unpubl ished report .

323. Bel l ,  I .  and Jensen, M.P. 2018, Mult inat ional  genet ic 
connect iv i ty  ident i f ied in western Paci f ic  hawksbi l l  tur t les, 
Eretmochelys imbr icata,  Wi ld l i fe  Research  45(4) :  307-315.

324. L impus, C.J.  2007, A bio logica l  rev iew of  Austra l ian 
mar ine turt le species,  5 F latback turt le,  Natator depressus 
(Garman) ,  Env i ronmenta l  Protect ion Agency,  Br isbane.

325. L impus, C.,  Parmenter,  C.J.  and Chaloupka, M. 
2013, Monitor ing of  coasta l  sea turt les:  gap analys is.  5. 
F latback turt les,  Natator depressus ,  Report  produced by 
the Ecosystem Research and Monitor ing Program Advisory 
Committee as part  of  the Gladstone Ports Corporat ion’s 
Research and Monitor ing Program.

326. L impus, C.J. ,  Chaloupka, M.,  F i tzs immons, N.N., 
Sergeev,  J.M. and Shimada, T.  2017, Est imat ion of 
populat ion s ize and compar ison of  the benef i ts  of  mid-
season census and whole of  breeding season census 
of  f latback turt le reproduct ion in eastern Austra l ia , 
Department of  Env i ronment and Her i tage Protect ion, 
Queensland Government,  Br isbane.

327. L impus, C.J. ,  F i tzSimmons, N.N.,  Sergeev,  J.M., 
Ferguson, J. ,  Hoffmann, F. ,  Phi l lot ,  A. ,  Pople,  L. ,  Ross, 
A. ,  Tompkins,  B. ,  Turner,  T.  and Wenk, L.  2017, Marine 
turt le nest ing populat ions:  f latback turt le,  Natator 
depressus,  2016-2017 breeding season at  Curt is ,  Peak 
and Avoid Is lands ,  Department of  Env i ronment and 
Her i tage Protect ion,  Br isbane.

328. Department of  Env i ronment and Science 2018, 
Queensland Mar ine Turt le Conservat ion Strategy , 
Queensland Government,  Br isbane.

329. Mi l ler,  J.D. and L impus, C.J.  1981, Incubat ion per iod 
and sexual  d i f ferent iat ion in the green turt le Chelonia 
mydas in Proceedings of  the Melbourne Herpeto logica l 
Symposium, the Royal  Melbourne Zoologica l  Gardens, 
19-21 May 1980 ,  eds.  C. B. Banks and A. A.  Mart in,  The 
Zoologica l  Board of  V ictor ia,  Melbourne,  pp. 66-73.

330. Hamann, M.,  L impus, C.J.  and Read, M.A. 2008, 
Vulnerabi l i ty  of  mar ine rept i les in the Great Barr ier  Reef  to 
c l imate change, in Cl imate Change and the Great Barr ier 
Reef :  A Vulnerabi l i ty  Assessment ,  eds P.E.  Johnson and 
P.A. Marshal l ,  Great Barr ier  Reef  Mar ine Park Author i ty 
and Austra l ian Greenhouse Off ice,  Townsvi l le ,  pp. 466-
496.

331. Truscott ,  Z. ,  Booth,  D.T.  and L impus, C.J.  2017, The 
effect  of  on-shore l ight  pol lut ion on sea-turt le hatchl ings 
commencing the i r  off-shore swim, Wild l i fe  Research  44(2) : 
127-134.

332. Kamrowski ,  R.L. ,  L impus, C.,  Jones,  R.,  Anderson, 
S.  and Hamann, M. 2014, Temporal  changes in art i f ic ia l 
l ight  exposure of  mar ine turt le nest ing areas,  Global 
Change Bio logy  20(8) :  2437-2449.

333. Pendoley,  K.  and Kamrowski ,  R.L.  2016, Sea-
f inding in mar ine turt le hatchl ings:  What is  an appropr iate 
exclus ion zone to l imi t  d isrupt ive impacts of  industr ia l 
l ight  at  n ight? Journal  for  Nature Conservat ion  30:  1-11.

334. Schuyler,  Q.,  Hardesty,  B.D.,  W i lcox,  C. and 
Townsend, K.  2013, Global  analys is of  anthropogenic 
debr is ingest ion by sea turt les,  Conservat ion Bio logy 
28(1) :  129-139.

335. Schuyler,  Q.,  Hardesty,  B.D.,  W i lcox,  C. and 
Townsend, K.  2012, To eat or  not to eat? Debr is 
se lect iv i ty  by mar ine turt les,  PLoS ONE  7 (7) :  e40884.

336. W i lcox,  C.,  Puckr idge, M.,  Schuyler,  Q.A.,  Townsend, 
K.  and Hardesty,  B.D. 2018, A quant i tat ive analys is l ink ing 
sea turt le morta l i ty  and plast ic debr is ingest ion,  Scient i f ic 
Reports  8 (1) :  12536.

337. Department of  Env i ronment and Science 2018, 
StrandNet ,  Queensland Government,  ht tps://www.ehp.qld.
gov.au/wi ld l i fe/car ing-for-wi ld l i fe/mar ine_strandings.html.

338. F l int ,  J. ,  F l int ,  M.,  L impus, C.J.  and Mi l ls ,  P.C. 
2015, Trends in mar ine turt le strandings a long the east 
Queensland, Austra l ia  coast,  between 1996 and 2013, 
Journal  of  Mar ine Bio logy  2015: 848923.

339. F l int ,  M.,  Eden, P.A.,  L impus, C.J. ,  Owen, H., 
Gaus, C. and Mi l ls ,  P.C. 2015, Cl in ica l  and pathologica l 
f ind ings in green turt les (Chelonia mydas)  f rom Gladstone, 
Queensland: invest igat ions of  a stranding epidemic, 
EcoHeal th  12(2) :  298-309.

340. Riskas,  K.A.,  Fuentes,  M.M.P.B. and Hamann, M. 
2016, Just i fy ing the need for  col laborat ive management 
of  f isher ies bycatch:  A lesson f rom mar ine turt les in 
Austra l ia ,  Biologica l  Conservat ion  196: 40-47.

341. Campbel l ,  H.A.,  Dwyer,  R.G.,  W i lson, H.,  I rwin,  T. 
and Frankl in,  C. 2015, Predict ing the probabi l i ty  of  large 
carn ivore occurrence: a strategy to promote crocodi le and 
human coexistence, Animal  Conservat ion  18(4) :  387-395.

342. Corey,  B. ,  Webb, G.J.W.,  Manol is ,  S.C.,  Fordham, 
A.,  Aust in,  B.J. ,  Fukuda, Y. ,  Nichol ls ,  D.  and Saal fe ld, 
K.  2018, Commercia l  harvests of  sa l twater crocodi le 
Crocodylus porosus  eggs by Indigenous people in 
northern Austra l ia :  Lessons for  long-term v iabi l i ty  and 
management,  Oryx  52(4) :  697-708.

343. Department of  Env i ronment and Science 2017, 
Queensland Crocodi le Management Program: Internal 
Technica l  Report  2017 ,  State of  Queensland, Br isbane.

344. Read, M.A. 2012, Estuar ine crocodi le,  in 
Queensland’s Threatened Animals ,  eds L.K. Curt is ,  A.J. 
Dennis,  K.R. McDonald,  P.M. Kyne and S.J.S.  Debus, 
CSIRO Publ ish ing,  Col l ingwood, pp. 185-186.

345. Hanson, J.O.,  Sal isbury,  S.W.,  Campbel l ,  H.A., 
Dwyer,  R.G.,  Jard ine,  T.D. and Frankl in,  C.E.  2015, 
Feeding across the food web: The interact ion between 
diet ,  movement and body s ize in estuar ine crocodi les 
(Crocodylus porosus) ,  Austra l  Ecology  40(3) :  275-286.

346. Read, M.A.,  Mi l ler,  J.D.,  Bel l ,  I .P.  and Fel ton,  A. 
2004, The distr ibut ion and abundance of  the estuar ine 
crocodi le,  Crocodylus porosus ,  in  Queensland, Wild l i fe 
Research  31(5) :  527-534.

347. Kofron,  C. and Smith,  R.  2001, Status of  estuar ine 
crocodi les in the populated coast of  Northeast 
Queensland, Memoirs of  the Queensland Museum  46(2) : 
603-610.

348. Gr igg,  G.C. 1978, Metabol ic rate,  Q10 and respi ratory 
quot ient  (RQ) in Crocodylus porosus ,  and some 
genera l izat ions about low RQ in rept i les,  Physio logica l 
Zoology  51(4) :  354-360.

349. Gr igg,  G. and Gans, C. 1993, Morphology and 
physio logy of  the Crocodyl ia,  in Fauna of  Austra l ia 
Austra l ian Government Publ ish ing Serv ices,  Canberra,  pp. 
326-336.

350. Lang, J.W. 1987, Crocodi l ian thermal  se lect ion,  in 
Wild l i fe  Management:  Crocodi les and Al l igators ,  eds G. 
Webb, S.C. Manol is  and P.J.  Whitehead, Surrey Beatty & 
Sons, Chipping Norton,  Austra l ia ,  pp. 317.

351. Rodgers,  E.M.,  Schwartz,  J.J.  and Frankl in,  C.E. 
2015, Div ing in a warming wor ld:  the thermal  sensi t iv i ty 
and plast ic i ty  of  d iv ing per formance in juveni le estuar ine 
crocodi les (Crocodylus porosus) ,  Conservat ion physio logy 
3 (1) .

352. E lsworth,  P.G.,  Seebacher,  F.  and Frankl in,  C.E. 
2003, Susta ined swimming performance in crocodi les 
(Crocodylus porosus) :  e ffects of  body s ize and 
temperature,  Journal  of  Herpeto logy  37(2) :  363-368.

353. Webb, G.J.W.,  Beal ,  A.M.,  Manol is ,  S.C. and 
Dempsey, K.E.  1987, The effects of  incubat ion 
temperature on sex determinat ion and embryonic 
development rate in Crocodylus johnstoni  and C. porosus , 
in  Wild l i fe  Management:  Crocodi les and Al l igators ,  eds G. 
Webb, S.C. Manol is  and P.J.  Whitehead, Surrey Beatty & 
Sons, Chipping Norton,  NSW, pp. 507-531.

354. Gr igg,  G. and Kirshner,  D.  2015, Biology and 
Evolut ion of  Crocodyl ians ,  CSIRO Publ ish ing,  Col l ingwood, 
V ic.

355. Fukuda, Y. ,  Manol is ,  C.,  Saal fe ld,  K.  and Zuur,  A. 
2015, Dead or a l ive? Factors affect ing the surv iva l  of 
v ict ims dur ing attacks by sa l twater crocodi les (Crocodylus 
porosus)  in  Austra l ia ,  PLoS ONE  10(5) :  e0126778.

356. Hulsman, K. ,  O’Nei l l ,  P.  and Stokes,  T.  1997, Current 
status and t rends of  seabirds on the Great Barr ier  Reef , 
in Proceedings of  the State of  the Great Barr ier  Reef 
Wor ld Her i tage Area Workshop, 27-29 November,  1995, 
Townsvi l le ,  Queensland ,  eds D. Wachenfe ld,  J.  Ol iver 



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 307

and K. Davis,  Great Barr ier  Reef  Mar ine Park Author i ty, 
Townsvi l le ,  pp. 259-282.

357. E l l is ,  J.C.,  Far iña,  J.M. and Witman, J.D. 2006, 
Nutr ient  t ransfer  f rom sea to land: the case of  gul ls 
and cormorants in the Gul f  of  Maine,  Journal  of  Animal 
Ecology  75(2) :  565-574.

358. Hemson, G.,  McDougal l ,  A.  and Dutoi t ,  J.  2015, 
Coasta l  Bi rd Monitor ing and Informat ion Strategy: 
Seabirds 2015-2020 ,  Department of  Nat ional  Parks,  Sport 
and Racing, Br isbane.

359. Low, M.,  Hemson, G.,  McDougal l ,  A.  and Woodworth, 
B.K. ( in  preparat ion) ,  ‘Trends in the Breeding Populat ions 
of  the Great Barr ier  Reef ’s Seabirds:  Report  produced for 
the Queensland Parks & Wi ld l i fe  Serv ice’ ,  Unpubl ished 
report .

360. McDougal l ,  A.  2019, Personal  communicat ion .

361. Bunce, A.  2015, Foraging behaviour of  a decl in ing 
populat ion of  brown boobies (Sula leucogaster )  breeding 
on the Swain Reefs,  Great Barr ier  Reef ,  Emu  115(4) :  368-
372.

362. Great Barr ier  Reef  Mar ine Park Author i ty  2012, 
A Vulnerabi l i ty  Assessment for  the Great Barr ier  Reef : 
Of fshore and Foraging Pelagic Seabirds ,  Great Barr ier 
Reef  Mar ine Park Author i ty,  Townsvi l le .

363. Great Barr ier  Reef  Mar ine Park Author i ty  2012, 
A Vulnerabi l i ty  Assessment for  the Great Barr ier  Reef : 
Inshore and Coasta l  Forgaging Seabirds ,  Great Barr ier 
Reef  Mar ine Park Author i ty,  Townsvi l le .

364. Ver l is ,  K.M.,  Campbel l ,  M.L.  and Wi lson, S.P. 2018, 
Seabirds and plast ics don’t  mix:  Examin ing the d i fferences 
in mar ine p last ic ingest ion in wedge-ta i led shearwater 
chicks at  near-shore and offshore locat ions,  Marine 
Pol lut ion Bul let in  135: 852-861.

365. Ver l is ,  K.M.,  Campbel l ,  M.L.  and Wi lson, S.P. 2013, 
Ingest ion of  mar ine debr is p last ic by the wedge-ta i led 
shearwater Ardenna paci f ica in the Great Barr ier  Reef , 
Austra l ia ,  Marine Pol lut ion Bul let in  72:  244-249.

366. W i lcox,  C.,  Van Sebi l le ,  E.  and Hardesty,  B.D. 2015, 
Threat of  p last ic pol lut ion to seabirds is  g lobal ,  pervas ive, 
and increasing,  Proceedings of  the Nat ional  Academy of 
Sciences of  the Uni ted States of  Amer ica  112(38) :  11899-
11904.

367. Great Barr ier  Reef  Mar ine Park Author i ty  2012, 
A Vulnerabi l i ty  Assessment for  the Great Barr ier  Reef : 
Shorebirds ,  Great Barr ier  Reef  Mar ine Park Author i ty, 
Townsvi l le .

368. Queensland Department of  Env i ronment and Her i tage 
Protect ion ( in draf t ) ,  Ramsar Informat ion Sheet:  Austra l ia , 
Bowl ing Green Bay ,  Ramsar.

369. Ronan, M. 2018, Ramsar Informat ion Sheet: 
Austra l ia :  Shoalwater and Cor io Bays Area ,  Ramsar Si tes 
Informat ion Serv ice,  Gland, Switzer land.

370. Clemens, R.S.,  Rogers,  D. I . ,  Hansen, B.D.,  Gosbel l , 
K. ,  Minton, C.D.T. ,  Straw, P. ,  Woehler,  E.J. ,  Mi l ton,  D.A., 
Weston, M.A.,  Venables,  B. ,  Wel ler,  D. ,  Hassel l ,  C. , 
Ruther ford,  B. ,  Onton, K. ,  Herrod, A. ,  Studds, C.E. ,  Choi , 
C.Y.,  Dhanja l-Adams, K.L. ,  Murray,  N.J. ,  Ski l le ter,  G.A. 
and Ful ler,  R.A. 2016, Cont inenta l-scale decreases in 
shorebird populat ions in Austra l ia ,  Emu  116(2) :  119-135.

371. Studds, C.E. ,  Kendal l ,  B.E. ,  Murray,  N.J. ,  W i lson, 
H.B.,  Rogers,  D. I . ,  Clemens, R.S.,  Gosbel l ,  K. ,  Hassel l , 
C.J. ,  Jessop, R.,  Melv i l le ,  D.S.,  Mi l ton,  D.A.,  Minton, 
C.D.T. ,  Possingham, H.P.,  Riegen, A.C.,  Straw, P. , 
Woehler,  E.J.  and Ful ler,  R.A. 2017, Rapid populat ion 
decl ine in migratory shorebirds re ly ing on Yel low Sea t ida l 
mudf lats as stopover s i tes,  Nature Communicat ions  8: 
14895.

372. Dhanja l-Adams, K.L. ,  Hanson, J.O.,  Murray,  N.J. , 
Phinn,  S.R.,  W ingate,  V.R.,  Must in,  K. ,  Lee,  J.R.,  A l lan, 
J.R.,  Cappadonna, J.L. ,  Studds, C.E. ,  Clemens, R.S., 
Roel fsema, C.M. and Ful ler,  R.A. 2016, The distr ibut ion 
and protect ion of  intert ida l  habi tats in Austra l ia ,  Emu  116: 
208-214.

373. L isson, A. ,  Taffs,  K.  and Chr ist id is,  L.  2016, 
Mapping foraging habi tat  for  migratory shorebirds in the i r 
Austra l ian non-breeding grounds and pr ior i t is ing s i tes 
for  conservat ion and management,  Paci f ic  Conservat ion 
Bio logy  23(1) :  32-42.

374. He, Q.,  Bertness,  M.D.,  Bruno, J.F. ,  L i ,  B. ,  Chen, G., 
Coverdale,  T.C.,  A l t ier i ,  A.H.,  Bai ,  J. ,  Sun, T. ,  Pennings, 
S.C.,  L iu,  J. ,  Ehr l ich,  P.R. and Cui ,  B.  2014, Economic 
development and coasta l  ecosystem change in China, 
Scient i f ic  Reports  4:  5995.

375. Szabo, J.K. ,  Batt ley,  P.F. ,  Buchanan, K.L.  and 
Rogers,  D. I .  2016, What does the future hold for 
shorebirds in the East Asian–Austra las ian F lyway? Emu 
116(2) :  95-99.

376. Beaumont,  L.J. ,  McAl lan,  I .A.  and Hughes, L.  2006, 
A matter  of  t iming: changes in the f i rst  date of  arr iva l  and 
last  date of  departure of  Austra l ian migratory b i rds,  Global 
Change Bio logy  12(7) :  1339-1354.

377. Poloczanska, E.S.,  Babcock, R.C.,  But ler,  A. , 
Hobday, A.J. ,  Hoegh-Guldberg,  O.,  Kunz,  T. ,  Matear,  R. , 
Mi l ton,  D.,  Okey,  T.  and Richardson, A.J.  2007, Cl imate 
change and Austra l ian mar ine l i fe ,  Oceanography and 
Mar ine Bio logy:  An Annual  Review  45:  407-478.

378. Murray,  N.J. ,  Marra,  P.P.,  Fu l ler,  R.A.,  Clemens, R.S., 
Dhanja l-Adams, K.,  Gosbel l ,  K.B.,  Hassel l ,  C.J. ,  Iwamura, 
T. ,  Melv i l le ,  D.  and Minton, C.D. 2018, The large-scale 
dr ivers of  populat ion decl ines in a long-distance migratory 
shorebird,  Ecography  41(6) :  867-876.

379. Saint i lan,  N.,  Rogers,  K. ,  Kel leway, J.J. ,  Ens,  E.  and 
Sloane, D.R. ( in  press) ,  Cl imate change impacts on the 
coasta l  wet lands of  Austra l ia ,  Wetlands  doi :  10.1007/
s13157-018-1016-7.

380. St igner,  M.G.,  Beyer,  H.L. ,  K le in,  C.J.  and Ful ler, 
R.A. 2016, Reconci l ing recreat ional  use and conservat ion 
va lues in a coasta l  protected area,  Journal  of  Appl ied 
Ecology  53:  1206-1214.

381. Roman, J. ,  Estes,  J.A. ,  Mor issette,  L. ,  Smith,  C., 
Costa,  D.,  McCarthy,  J. ,  Nat ion,  J. ,  Nicol ,  S. ,  Pershing, 
A.  and Smetacek, V.  2014, Whales as mar ine ecosystem 
engineers,  Front iers in Ecology and the Envi ronment  12(7) : 
377-385.

382. Smith,  J.N.,  Grantham, H.S.,  Gales,  N.,  Double, 
M.C.,  Noad, M.J.  and Paton, D. 2012, Ident i f icat ion of 
humpback whale breeding and calv ing habi tat  in the Great 
Barr ier  Reef ,  Marine Ecology Progress Ser ies  447: 259-
272.

383. Bi r t les,  A. ,  Valent ine,  P. ,  Curnock, M.,  Mangott ,  A. , 
Sobtz ick,  S.  and Marsh,  H. 2014, Dwarf  Minke Whale 
Tour ism Monitor ing Program (2003-2008),  GBRMPA 
Research Publ icat ion No. 112 ,  Great Barr ier  Reef  Mar ine 
Park Author i ty,  Townsvi l le .

384. Mangott ,  A.H.,  Bi r t les,  R.A. and Marsh,  H. 
2011, Att ract ion of  dwarf  minke whales Balaenoptera 
acutorostrata to vessels and swimmers in the Great 
Barr ier  Reef  Wor ld Her i tage Area – the management 
chal lenges of  an inquis i t ive whale,  Journal  of  Ecotour ism 
10(1) :  64-76.

385. Noad, M.J. ,  Dunlop, R.A.,  Bennett ,  L.  and Kniest , 
H. 2016, Abundance est imates of  the east Austra l ian 
humpback whale populat ion (BSE1):  2015 survey 
and update,  Paper SC/66b/SH/21 presented to the 
Internat ional  Whal ing Commiss ion Scient i f ic  Committee .

386. Paterson, R.,  Paterson, P.  and Cato,  D. 2004, 
Cont inued increase in east  Austra l ian humpback whales 
in 2001, 2002, Memoirs of  the Queensland Museum  49(2) : 
712-731.

387. Noad, M.J. ,  Kniest ,  E.  and Dunlop, R.A. 2019, Boom 
to bust? Impl icat ions for  the cont inued rapid growth of 
the eastern Austra l ian humpback whale populat ion despi te 
recovery,  Populat ion Ecology  61(2) :  198-209.

388. Bi r t les,  R.A.,  Arnold,  P.W. and Dunstan,  A.  2002, 
Commercia l  swim programs with dwarf  minke whales 
on the northern Great Barr ier  Reef ,  Austra l ia :  some 
character ist ics of  the encounters wi th management 
impl icat ions,  Austra l ian Mammalogy  24(1) :  23-38.

389. Hazen, E.L. ,  Jorgensen, S. ,  Rykaczewski ,  R.R., 
Bograd, S.J. ,  Foley,  D.G.,  Jonsen, I .D. ,  Shaffer,  S.A., 
Dunne, J.P. ,  Costa,  D.P. and Crowder,  L.B. 2013, 
Predicted habi tat  sh i f ts  of  Paci f ic  top predators in a 
changing c l imate,  Nature Cl imate Change  3 (3) :  234.

390. Noad, M.J. ,  Dunlop, R.A.,  Paton, D. and Kniest , 
H. 2011, Abundance Est imates of  the East Austra l ian 
Humpback Whale Populat ion:  2010 Survey and Update , 
Univers i ty  of  Queensland, Br isbane.

391. Doney,  S.C.,  Ruckelshaus,  M.,  Duffy,  J.E. ,  Barry, 
J.P. ,  Chan, F. ,  Engl ish,  C.A.,  Gal indo, H.M.,  Grebmeier, 
J.M.,  Hol lowed, A.B.,  Knowlton,  N.,  Polov ina,  J. , 
Rabala is,  N.N.,  Sydeman, W.J.  and Tal ley,  L.T.  2012, 
Cl imate change impacts on mar ine ecosystems, Annual 
Review of  Mar ine Science  4:  11-37.

392. Peel ,  D. ,  Smith,  J.N. and Chi lderhouse, S.  2018, 
Vessel  st r ike of  whales in Austra l ia :  The chal lenges of 
analys is of  h istor ica l  inc ident data,  Front iers in Mar ine 
Science  5:  69.



308 REFERENCES

393. Parra,  G.J.  and Jedensjö,  M. 2013, Stomach 
contents of  Austra l ian snubf in (Orcael la he insohni )  and 
Indo-Paci f ic  humpback dolphins (Sousa chinensis) ,  Marine 
Mammal Science  30(3) :  1184-1198.

394. Cagnazz i ,  D. ,  Fossi ,  M.C.P.,  Parra,  G.J. ,  Harr ison, 
P.L. ,  Mal tese,  S. ,  Coppola,  D.,  Soccodato,  A. ,  Bent,  M. 
and Mars i l i ,  L.  2013, Anthropogenic contaminants in Indo-
Paci f ic  humpback and Austra l ian snubf in dolphins f rom 
the centra l  and southern Great Barr ier  Reef ,  Envi ronmenta l 
Pol lut ion  182: 490-494.

395. Brooks,  A. ,  Spencer,  J. ,  Ol ley,  J. ,  P ietsch, T. , 
Borombovi ts,  D. ,  Curwen, G.,  Shel lberg,  J. ,  Howley, 
C.,  Gleeson, A. ,  S imon, A. ,  Bankhead, N.,  K l imetz, 
D.,  Es lami-Endargol i ,  L.  and Bourgeaul t ,  A.  2013, An 
Empir ica l ly-Based Sediment Budget for  the Normanby 
Basin:  Sediment sources,  s inks,  and dr ivers on the Cape 
York Savannah: f ina l  report  for  the Austra l ian Government 
Car ing for  Our Country:  Reef  Rescue Program ,  Gr i f f i th 
Univers i ty,  Austra l ian Rivers Inst i tute.

396. Wel ls ,  R.S.,  Rhinehart ,  H.L. ,  Hansen, L.J. ,  Sweeney, 
J.C.,  Townsend, F. I . ,  Stone, R.,  Casper,  D.R.,  Scott ,  M.D., 
Hohn, A.A. and Rowles,  T.K. 2004, Bott lenose dolphins 
as mar ine ecosystem sent ine ls:  developing a heal th 
moni tor ing system, EcoHeal th  1 (3) :  246-254.

397. Jefferson, T.A.  and Rosenbaum, H.C. 2014, 
Taxonomic rev is ion of  the humpback dolphins (Sousa 
spp. ) ,  and descr ipt ion of  a new species f rom Austra l ia , 
Marine Mammal Science  30(4) :  1494-1541.

398. Parra,  G.J. ,  Corkeron, P.J.  and Marsh,  H. 2006, 
Populat ion s izes,  s i te f ide l i ty  and res idence patterns of 
Austra l ian snubf in and Indo-Paci f ic  humpback dolphins: 
Impl icat ions for  conservat ion,  Biologica l  Conservat ion 
129(2) :  167-180.

399. Cagnazz i ,  D. ,  Parra,  G.J. ,  West ley,  S.  and Harr ison, 
P.L.  2013, At the heart  of  the industr ia l  boom: Austra l ian 
snubf in dolphins in the Capr icorn Coast,  Queensland, 
need urgent conservat ion act ion,  PLoS ONE  8 (2) :  e56729.

400. Parra,  G.J. ,  Cagnazz i ,  D. ,  Jedensjö,  M.,  Ackermann, 
C.,  Frere,  C.,  Seddon, J. ,  Nikol ic,  N. and Krützen, M. 
2018, Low genet ic d ivers i ty,  l imi ted gene f low and 
widespread genet ic bott leneck effects in a threatened 
dolphin species,  the Austra l ian humpback dolphin, 
Biologica l  Conservat ion  220: 192-200.

401. Parra,  G.J.  and Cagnazz i ,  D.  2016, Conservat ion 
status of  the Austra l ian humpback dolphin (Sousa 
sahulensis)  us ing the IUCN Red L ist  Cr i ter ia,  Advances in 
Mar ine Bio logy  73:  157-192.

402. Dungan, S.Z. ,  Riehl ,  K.N.,  Wee, A.  and Wang, J.Y. 
2011, A rev iew of  the impacts of  anthropogenic act iv i t ies 
on the cr i t ica l ly  endangered eastern Taiwan Stra i t  Indo-
Paci f ic  humpback dolphins (Sousa chinensis) ,  Journal  of 
Mar ine Animals and the i r  Ecology  4 (2) :  3-9.

403. Hobday, A.J.  and Lough, J.M. 2011, Pro jected 
c l imate change in Austra l ian mar ine and f reshwater 
env i ronments.  Marine and Freshwater Research  62:  1000-
1014.

404. Cagnazz i ,  D.  2010, Conservat ion Status of  Austra l ian 
Snubf in Dolphin,  Orcael la he insohni ,  and Indo-Paci f ic 
Humpback Dolphin,  Sousa chinensis,  in the Capr icorn 
Coast,  Centra l  Queensland, Austra l ia ,  Phd, Thesis, 
Southern Cross Univers i ty,  NSW.

405. W i ld,  S. ,  Krützen, M.,  Rankin,  R.W.,  Hoppit t ,  W.J. , 
Gerber,  L.  and Al len,  S.J.  2019, Long-term decl ine in 
surv iva l  and reproduct ion of  dolphins fo l lowing a mar ine 
heatwave, Current Bio logy  29(7) :  R239-R240.

406. Parra,  G.J. ,  Corkeron, P.J.  and Marsh,  H. 2004, 
The Indo-Paci f ic  humpback dolphin,  Sousa chinensis 
(Osbeck 1765) in Austra l ian waters:  a summary of  current 
knowledge, Aquat ic Mammals  30(1) :  197-206.

407. Marsh,  H.,  Penrose, H.,  Eros,  C. and Hugues, 
J.  2002, Dugong: Status Report  and Act ion Plans for 
Countr ies and Terr i tor ies ,  Uni ted Nat ions Envi ronment 
Program, IUCN, Nairobi .

408. Heinsohn, G.E. and Birch,  W. 1972, Foods and 
feeding habi ts of  the dugong, Dugong dugong  (Erx leben) , 
in northern Queensland, Austra l ia ,  Mammal ia  36(3) :  414-
422.

409. Aragones, L.V. ,  Lawler,  I .R. ,  Foley,  W.J.  and Marsh, 
H. 2006, Dugong graz ing and turt le cropping: Graz ing 
opt imizat ion in t ropica l  seagrass systems? Oecologia 
149(4) :  635-647.

410. Scott ,  A.L. ,  York,  P.H.,  Duncan, C.,  Macreadie,  P. I . , 
Connol ly,  R.M.,  E l l is ,  M.T. ,  Jarv is,  J.C.,  J inks,  K. I . ,  Marsh, 
 

H. and Rasheed, M.A. 2018, The ro le of  herbivory in 
structur ing t ropica l  seagrass ecosystem serv ice del ivery, 
Front iers in Plant Science  9:  127.

411. Johannes, R.E.  and MacFar lane,  J.W. 1991, 
Tradi t ional  F ish ing in the Torres Stra i t  Is lands ,  CSIRO 
Div is ion of  F isher ies,  Mar ine Laborator ies,  Hobart .

412. But ler,  J. ,  Tawake, A. ,  Skewes, T. ,  Tawake, L.  and 
McGrath,  V.  2012, Integrat ing t radi t ional  ecologica l 
knowledge and f isher ies management in the Torres Stra i t , 
Austra l ia :  The cata lyt ic ro le of  tur t les and dugong as 
cul tura l  keystone species,  Ecology and Society  17(4) :  34.

413. Sobtz ick,  S. ,  Cleguer,  C.,  Hagihara,  R.  and Marsh, 
H. 2017, Distr ibut ion and abundance of  dugong and 
large mar ine turt les in Moreton Bay,  Hervey Bay and the 
southern Great Barr ier  Reef .  A report  to the Great Barr ier 
Reef  Mar ine Park Author i ty.  Publ icat ion 17/21 ,  Centre 
for  Tropica l  Water and Aquat ic Ecosystem Research 
(TropWATER),  James Cook Univers i ty,  Townsvi l le .

414. Marsh,  H.,  Haj ihara,  R. ,  Hodgson, A. ,  Rankin,  R.  and 
Sobtz ick,  S.  2018, Monitor ing Dugongs With in the Reef 
2050 Integrated Monitor ing and Report ing Program ,  Great 
Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

415. Marsh,  H. and Sobtz ick,  S.  2015, Dugong dugon . 
The IUCN Red L ist  of  Threatened Species,  ht tp://dx.doi .
org/10.2305/ IUCN.UK.2015-4.RLTS.T6909A43792211.en.

416. Preen, A.R. and Marsh,  H. 1995, Response of 
dugongs to large-scale loss of  seagrass f rom Hervey Bay, 
Queensland, Austra l ia ,  Wild l i fe  Research  22:  507-519.

417. Marsh,  H.,  Arraut,  E.M.,  Diagne, L.K.,  Edwards,  H. 
and Marmonte l ,  M. 2017, Impact of  c l imate change and 
loss of  habi tat  on Si ren ians,  in Marine Mammal Wel fare: 
Human Induced Change in the Mar ine Envi ronment and i ts 
Impacts on Mar ine Mammal Wel fare ,  ed.  A.  Butterworth, 
Spr inger,  Cham, pp. 333-357.

418. Hoey,  A.S. and Bel lwood, D.R. 2009, L imited 
funct ional  redundancy in a h igh d ivers i ty  system: s ingle 
species dominates key ecologica l  process on cora l  reefs, 
Ecosystems  12(8) :  1316-1328.

419. Bel lwood, D.R.,  Hughes, T.P.  and Hoey, A.S. 2006, 
Sleeping funct ional  group dr ives cora l- reef  recovery, 
Current Bio logy  16:  2434-2439.

420. Costanza, R. and Mageau, M. 1999, What is  a 
heal thy ecosystem? Aquat ic Ecology  33(1) :  105-115.

421. Mi l lennium Ecosystem Assessment 2005, Ecosystems 
and Human Wel l -being:  Synthesis ,  Is land Press, 
Washington DC.

422. Bohensky,  E. ,  But ler,  J.R.A.,  Costanza, R.,  Bohnet, 
I . ,  Del is le,  A. ,  Fabr ic ius,  K. ,  Gooch, M.,  Kubiszewski ,  I . , 
Lukacs,  G.,  Pert ,  P.  and Wolanski ,  E.  2011, Future makers 
or  future takers? A scenar io analys is of  c l imate change 
and the Great Barr ier  Reef ,  Global  Env i ronmenta l  Change 
21(3) :  876-893.

423. Hock, K. ,  Wol ff ,  N.H.,  Ort iz ,  J.C.,  Condie,  S.A., 
Anthony,  K.R.N.,  Blackwel l ,  P.G. and Mumby, P.J.  2017, 
Connect iv i ty  and systemic res i l ience of  the Great Barr ier 
Reef ,  PLoS Bio logy  15(11) :  e2003355.

424. Wooldr idge, S.A. and Brodie,  J.E.  2015, 
Envi ronmenta l  t r iggers for  pr imary outbreaks of  crown-of-
thorns star f ish on the Great Barr ier  Reef ,  Austra l ia ,  Marine 
Pol lut ion Bul let in  101(2) :  805-814.

425. Br inkman, R.,  Wolanski ,  E. ,  Deleersni jder,  E. , 
McAl l is ter,  F.  and Ski rv ing,  W. 2002, Oceanic in f low f rom 
the Cora l  Sea into the Great Barr ier  Reef ,  Estuar ine, 
Coasta l  and Shel f  Science  54(4) :  655-668.

426. Schi l ler,  A. ,  Herzfe ld,  M.,  Br inkman, R.,  Rizwi ,  F.  and 
Andrewartha,  J.  2015, Cross-shel f  exchanges between the 
Cora l  Sea and the Great Barr ier  Reef  lagoon determined 
f rom a regional-scale numer ica l  mode, Cont inenta l  Shel f 
Research  109: 150-163.

427. Wu, L. ,  Cai ,  W.,  Zhang, L. ,  Nakamura,  H., 
T immermann, A. ,  Joyce, T. ,  McPhaden, M.J. ,  A lexander, 
M.,  Qiu,  B.  and V isbeck, M. 2012, Enhanced warming over 
the g lobal  subtropica l  western boundary currents,  Nature 
Cl imate Change  2 (3) :  161.

428. Connel l ,  J .H. 1978, Divers i ty  in t ropica l  ra in forests 
and cora l  reefs,  Science 199(4335):  1302-1310.

429. Harmel in-V iv ien,  M.L.  1994, The effects of  storms 
and cyclones on cora l  reefs:  a rev iew, Journal  of  Coasta l 
Research :  211-231.

430. Hamylton,  S.M. and Puot inen, M. 2015, A 
morphometr ic assessment of  reef  is land response to 
env i ronmenta l  change on the Great Barr ier  Reef ,  Earth 
Surface Processes and Landforms  40(8) :  1006-1016.



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 309

431. Fabr ic ius,  K.E. ,  De’ath,  G.,  Puot inen, M.L. ,  Done, 
T.J. ,  Cooper,  T.F.  and Burgess,  S.C. 2008, Disturbance 
gradients on inshore and offshore cora l  reefs caused by 
a severe t ropica l  cyc lone, Limnology and Oceanography 
53(2) :  690-704.

432. Beeden, R.J. ,  Maynard,  J. ,  Puot inen, M.L. ,  Marshal l , 
P. ,  Dryden, J. ,  Goldberg,  J.  and Wi l l iams, G. 2015, 
Impacts and recovery f rom severe t ropica l  Cyclone Yasi  on 
the Great Barr ier  Reef ,  PLoS ONE  10(4) :  e0121272.

433. Drost,  E.J. ,  Lowe, R.J. ,  Ivey,  G.N.,  Jones,  N.L.  and 
Péquignet,  C.A. 2017, The effects of  t ropica l  cyc lone 
character ist ics on the sur face wave f ie lds in Austra l ia ’s 
North West region,  Cont inenta l  Shel f  Research  139: 35-
53.

434. Puot inen, M.,  Maynard,  J.A. ,  Beeden, R.,  Radford, 
B.  and Wi l l iams, G.J.  2016, A robust operat ional  model 
for  predict ing where t ropica l  cyc lone waves damage cora l 
reefs,  Scient i f ic  Reports  6:  26009.

435. Maynard,  J.A. ,  Beeden, R.,  Puot inen, M.,  Johnson, 
J.E. ,  Marshal l ,  P. ,  Hooidonk, R.,  Heron, S.F. ,  Devl in, 
M.,  Lawrey,  E.  and Dryden, J.  2015, Great Barr ier  Reef 
no-take areas inc lude a range of  d isturbance regimes, 
Conservat ion Letters  9 (3) :  191-199.

436. Wol ff ,  N.H.,  Wong, A. ,  V i to lo,  R. ,  Sto lberg,  K. , 
Anthony,  K.R.N. and Mumby, P.J.  2016, Temporal 
c luster ing of  t ropica l  cyc lones on the Great Barr ier  Reef 
and i ts  ecologica l  importance, Coral  Reefs  35(2) :  613-623.

437. Hughes, T.P.  and Connel l ,  J .H. 1999, Mult ip le 
stressors on cora l  reefs:  a long-term perspect ive, 
Limnology and Oceanography  44(3) :  932-940.

438. De’ath,  G.,  Fabr ic ius,  K.E. ,  Sweatman, H. and 
Puot inen, M. 2012, The 27–year decl ine of  cora l  cover 
on the Great Barr ier  Reef  and i ts  causes,  Proceedings of 
the Nat ional  Academy of  Sciences of  the Uni ted States of 
Amer ica  109(44) :  17995-17999.

439. Cheal ,  A.J. ,  MacNei l ,  M.A.,  Emsl ie,  M.J.  and 
Sweatman, H. 2017, The threat to cora l  reefs f rom more 
intense cyclones under c l imate change, Global  Change 
Bio logy  23(4) :  1511-1524.

440. Thompson, A. ,  Coste l lo,  P. ,  Davidson, J. ,  Logan, 
M. and Coleman, G. 2019, Marine Monitor ing Program. 
Annual  Report  for  inshore cora l  reef  moni tor ing:  2017 
to 2018 ,  Great Barr ier  Reef  Mar ine Park Author i ty, 
Townsvi l le .

441. Puot inen, M.L.  2017, ‘Pre l iminary Assessment of 
Potent ia l  Impacts on Reefs f rom Severe Tropica l  Cyclone 
Debbie,  March 2017: report  to the Great Barr ier  Reef 
Mar ine Park Author i ty ’ ,  Unpubl ished report .

442. Bureau of  Meteorology 2018, Tropica l  Cyclone 
Debbie Technica l  Report ,  Bureau of  Meteorology, 
Melbourne.

443. Kingsford,  M.J.  and Wolanski ,  E.  2008, 
Oceanography,  in The Great Barr ier  Reef :  Bio logica l , 
Env i ronment and Management ,  eds P. Hutchings,  M. 
Kingsford and O. Hoegh-Guldberg,  CSIRO Publ ish ing, 
Col l ingwood, pp. 28-39.

444. Reisser,  J. ,  Shaw, J. ,  W i lcox,  C.,  Hardesty,  B.D., 
Pro iet t i ,  M.,  Thums, M. and Patt iaratchi ,  C.  2013, 
Mar ine p last ic pol lut ion in waters around Austra l ia : 
character ist ics,  concentrat ions,  and pathways,  PLoS ONE 
8 (11) :  e80466.

445. Chappel l ,  J .  1980, Cora l  morphology,  d ivers i ty  and 
reef  growth,  Nature  286(5770):  249.

446. Binning,  S.A. and Roche, D.G. 2015, Water f low and 
f in shape polymorphism in cora l  reef  f ishes,  Ecology  96(3) : 
828-839.

447. F iguei redo, J.  2016, Cora l  connect iv i ty  in the Great 
Barr ier  Reef :  new ins ights into current and future d ispersal 
patterns,  in HCNSO Ocean Science Jamboree, eds. 
Anonymous, Nova Southeastern Univers i ty,  F lor ida.

448. Hock, K. ,  Wol ff ,  N.H.,  Beeden, R.,  Hoey,  J. ,  Condie, 
S.A.,  Anthony,  K.R.N.,  Possingham, H.P. and Mumby, P.J. 
2016, Contro l l ing range expansion in habi tat  networks 
by adapt ive ly target ing source populat ions,  Conservat ion 
Bio logy  30(4) :  856-866.

449. Coles,  R. ,  Grech, A. ,  Rasheed, M.,  McKenzie,  L. , 
Tol ,  S. ,  Congdon, B.,  Jarv ies,  J. ,  Wolter,  J.  and Hanert ,  E. 
2016, Dispers ion of  seagrass propagules and connect iv i ty 
among meadows in the Great Barr ier  Reef  Wor ld Her i tage 
Area,  Queensland, Austra l ia ,  in Proceedings of  the 13th 
Internat ional  Cora l  Reef  Symposium ,  eds.  C. Bi rke land, 
S.  L.  Coles and N. P.  Spies,  Internat ional  Society for  Reef 
Studies,  Honolu lu.

450. Munday, P.L. ,  Cheal ,  A.J. ,  Graham, N.A.J. ,  Meekan, 
M.G.,  Pratchett ,  M.S.,  Sheaves,  M.,  Sweatman, H. 
and Wi lson, S.K. 2012, Tropica l  coasta l  f ish,  in Marine 
c l imate change: impacts and adaptat ion responses.  2012 
Report  Card ,  eds E.S. Poloczanska, A.  Hobday and A.J. 
Richardson, CSIRO, Canberra,  pp. 281-306.

451. Bureau of  Meteorology 2019, The Austra l ian t ropica l 
cyc lone database ,  Bureau of  Meteorology,  ht tp://www.
bom.gov.au/cyclone/h istory/ .

452. CSIRO and Bureau of  Meteorology 2018, State of 
the Cl imate 2018 ,  CSIRO and Bureau of  Meteorology, 
Austra l ia .

453. Kossin,  J.P.  2018, A g lobal  s lowdown of  t ropica l-
cyclone t rans lat ion speed, Nature  558(7708):  104.

454. Davis,  A. ,  Pearson, R.,  Brodie,  J.  and But ler,  B. 
2016, Review and conceptual  models of  agr icu l tura l 
impacts and water qual i ty  in waterways of  the Great 
Barr ier  Reef  catchment area,  Marine and Freshwater 
Research  68:  1-19.

455. Larsen, J. ,  Leon, J. ,  McGrath,  C. and Trancoso, R. 
2013, Review of  the catchment processes re levant to the 
Great Barr ier  Reef  Region ,  Great Barr ier  Reef  Mar ine Park 
Author i ty,  Townsvi l le .

456. Brodie,  J. ,  B inney,  J. ,  Fabr ic ius,  K. ,  Gordon, I . , 
Hoegh-Guldberg,  O.,  Hunter,  H.,  O’Reagain,  P. ,  Pearson, 
R.,  Quirk,  M.,  Thorburn,  P. ,  Waterhouse, J. ,  Webster,  I . 
and Wi lk inson, S.  2008, Scient i f ic  Consensus Statement 
on Water Qual i ty  in the Great Barr ier  Reef ,  Austra l ian and 
Queensland Government,  Br isbane.

457. Lough, J.M.,  Lewis,  S.E.  and Cant in,  N.E.  2015, 
Freshwater impacts in the centra l  Great Barr ier  Reef : 
1648-2011, Coral  Reefs  34(3) :  739-751.

458. Jones,  A.M. and Berkelmans, R. 2014, F lood 
impacts in Keppel  Bay,  Southern Great Barr ier  Reef  in the 
af termath of  cyc lonic ra infa l l ,  PLoS ONE  9 (1) :  e84739.

459. Lough, J.  2007, Cl imate and c l imate change on 
the Great Barr ier  Reef ,  in Cl imate Change and the 
Great Barr ier  Reef :  A Vulnerabi l i ty  Assessment ,  eds J.E. 
Johnson and P.A. Marshal l ,  Great Barr ier  Reef  Mar ine Park 
Author i ty  and Austra l ian Greenhouse Off ice,  Townsvi l le , 
pp. 15-50.

460. Waterhouse, J. ,  Lønborg,  C.,  Logan, M.,  Petus,  C., 
Tracey,  D.,  Lewis,  S. ,  Tonin,  H.,  Skuza, M.,  da Si lva,  E. , 
Carre i ra,  C.,  Coste l lo,  P. ,  Davidson, J. ,  Gunn, K. ,  Wr ight, 
M.,  Zagorsk is,  I . ,  Br inkman, R. and Schaffe lke,  B.  2017, 
Marine Monitor ing Program: Annual  Report  for  Inshore 
Water Qual i ty  Moni tor ing 2015-2016 ,  Great Barr ier  Reef 
Mar ine Park Author i ty,  Townsvi l le .

461. Thompson, A. ,  Coste l lo,  P. ,  Davidson, J. ,  Logan, 
M.,  Coleman, G.,  Gunn, K.  and Schaffe lke,  B.  2017, 
Marine Monitor ing Program: Annual  Report  for  Cora l  Reef 
Moni tor ing 2015 to 2016 ,  Great Barr ier  Reef  Mar ine Park 
Author i ty,  Townsvi l le .

462. Waterhouse, J. ,  Schaffe lke,  B. ,  Bart ley,  R. ,  Eberhard, 
R. ,  Brodie,  J. ,  Star,  M.,  Thorburn,  P. ,  Rol fe,  J. ,  Tay lor,  B. 
and Kroon, F.  2017, 2017 Scient i f ic  Consensus Statement: 
Land Use Impacts on Great Barr ier  Reef  Water Qual i ty  and 
Ecosystem Condit ion ,  The State of  Queensland, Br isbane.

463. Austra l ian and Queensland Government 2017, Great 
Barr ier  Reef  Report  Card 2016: Resul ts ,  Austra l ian and 
Queensland Government,  Br isbane.

464. Bureau of  Meteorology 2019, Specia l  Cl imate 
Statement 69: An extended per iod of  heavy ra infa l l 
and f looding in t ropica l  Queensland 15 February 2019 , 
Commonwealth of  Austra l ia .

465. Waterhouse, J. ,  Lewis,  S. ,  Petus,  C.,  Bainbr idge, 
Z.  and Howley,  C. 2019, 2019 Water Qual i ty  Moni tor ing 
F lood Response: Inter im Update ,  Tropwater,  James Cook 
Univers i ty,  Townsvi l le .

466. Maughan, M.,  Brodie,  J.  and Waterhouse, J.  2008, 
Reef Exposure Model  for  the Great Barr ier  Reef  Lagoon , 
Austra l ian Centre for  Tropica l  Freshwater Research, James 
Cook Univers i ty,  Townsvi l le .

467. Bart ley,  R. ,  Waters,  D.,  Turner,  R. ,  Kroon, F. , 
W i lk inson, S. ,  Garzon-Garc ia,  A. ,  Kuhnert ,  P. ,  Lewis,  S. , 
Smith,  R. ,  Bainbr idge, Z. ,  Ol ley,  J. ,  Brooks,  A. ,  Burton J. , 
Brodie,  J.  and Waterhouse, J.  2017, Scient i f ic  Consensus 
Statement 2017: A Synthesis of  the Science of  Land-
based Water Qual i ty  Impacts on the Great Barr ier  Reef , 
Chapter 2:  Sources of  sediment,  nutr ients,  pest ic ides 
and other pol lutants to the Great Barr ier  Reef ,  State of 
Queensland, Br isbane.



310 REFERENCES

468. Bart ley,  R. ,  Thompson, C.,  Croke, J. ,  P ietsch, T. , 
Baker,  B. ,  Hughes, K.  and Kinsey-Henderson, A.  2018, 
Ins ights into the h istory and t iming of  post-European land 
use d isturbance on sedimentat ion rates in catchments 
dra in ing to the Great Barr ier  Reef ,  Marine Pol lut ion 
Bul let in  131: 530-546.

469. Waterhouse, J. ,  Lønborg,  C.,  Logan, M.,  Petus,  C., 
Tracey,  D.,  Lewis,  S. ,  Howley,  C.,  Harper,  E. ,  Tonin,  H., 
Skuza, M.,  Doyle,  J. ,  Coste l lo,  P. ,  Davidson, J. ,  Gunn, 
K. ,  Wr ight,  M.,  Zagorsk is,  I .  and Kroon, F.  2018, Marine 
Monitor ing Program: Annual  Report  for  Inshore Water 
Qual i ty  Moni tor ing 2016-2017. Report  for  the Great 
Barr ier  Reef  Mar ine Park Author i ty ,  Great Barr ier  Reef 
Mar ine Park Author i ty,  Townsvi l le .

470. Fabr ic ius,  K.E. ,  De’ath,  G.,  Humphrey,  C.,  Zagorsk is, 
I .  and Schaffe lke,  B.  2013, Intra-annual  var iat ion in 
turb id i ty  in response to terrestr ia l  runoff  on near-shore 
cora l  reefs of  the Great Barr ier  Reef ,  Estuar ine,  Coasta l 
and Shel f  Science  116: 57-65.

471. Lewis,  S.E. ,  Ol ley,  J. ,  Furu ich i ,  T. ,  Sharma, A.  and 
Burton,  J.  2014, Complex sediment deposi t ion h istory on 
a wide cont inenta l  shel f :  impl icat ions for  the calculat ion of 
accumulat ion rates on the Great Barr ier  Reef ,  Earth and 
Planetary Science Letters  393: 146-158.

472. Queensland Government 2018, Frequent ly  Asked 
Quest ions:  Reef  2050 Water Qual i ty  Improvement Plan 
and 2017 Scient i f ic  Consensus Statement ,  Queensland 
Government,  Br isbane.

473. Brodie,  J.E. ,  Lewis,  S.E. ,  Col l ier,  C.J. ,  Wooldr idge, 
S. ,  Bainbr idge, Z.T. ,  Waterhouse, J. ,  Rasheed, M.A., 
Honchin,  C.,  Holmes, G. and Fabr ic ius,  K.  2017, Sett ing 
ecologica l ly  re levant targets for  r iver  pol lutant loads to 
meet mar ine water qual i ty  requi rements for  the Great 
Barr ier  Reef ,  Austra l ia :  A pre l iminary methodology and 
analys is,  Ocean and Coasta l  Management  143: 136-147.

474. Fabr ic ius,  K.E. ,  Logan, M.,  Weeks, S.  and Brodie,  J. 
2014, The effects of  r iver  run-off  on water c lar i ty  across 
the centra l  Great Barr ier  Reef ,  Marine Pol lut ion Bul let in 
84:  191-200.

475. Orpin,  A.R. and Ridd, P.V.  2012, Exposure of  inshore 
cora ls to suspended sediments due to wave-resuspension 
and r iver  p lumes in the centra l  Great Barr ier  Reef :  a 
reappra isa l ,  Cont inenta l  Shel f  Research  47:  55-67.

476. Benham, C.F. ,  Beavis,  S.G.,  Hendry,  R.A. and 
Jackson, E.L.  2016, Growth effects of  shading and 
sedimentat ion in two tropica l  seagrass species: 
Impl icat ions for  port  management and impact assessment, 
Marine Pol lut ion Bul let in  109(1) :  461-470.

477. Wenger,  A.S.,  Fabr ic ius,  K.E. ,  Jones,  G.P. 
and Brodie,  J.E.  2015, Effects of  sedimentat ion, 
eutrophicat ion,  and chemical  pol lut ion on cora l  reef 
f ishes,  in Ecology of  F ishes on Cora l  Reefs ,  ed.  C. Mora, 
Cambr idge Univers i ty  Press,  Cambr idge, UK, pp. 145-153.

478. Whinney,  J. ,  Jones,  R.,  Duckworth,  A.  and Ridd, 
P.  2017, Cont inuous in s i tu moni tor ing of  sediment 
deposi t ion in shal low benth ic env i ronments,  Coral  Reefs 
36:  521.

479. Kopp, R.E. ,  Hay,  C.C.,  L i t t le ,  C.M. and Mit rov ica, 
J.X.  2015, Geographic var iabi l i ty  of  sea- leve l  change, 
Current Cl imate Change Reports  1 (3) :  192-204.

480. Church, J.A. ,  Clark,  P.U.,  Cazenave, A. ,  Gregory, 
J.M.,  Jevre jeva,  S. ,  Levermann, A. ,  Merr i f ie ld,  M.A.,  Mi lne, 
G.A.,  Nerem, R.S.,  Nunn, P.D.,  Payne, A.J. ,  Pfeffer,  W.T. , 
Stammer,  D. and Unnikr ishnan, A.S. 2013, Sea leve l 
change, in Cl imate Change 2013: The Physica l  Science 
Basis.  Contr ibut ions of  Work ing Group I  to the F i f th 
Assessment Report  of  the Intergovernmenta l  Panel  on 
Cl imate Change ,  eds T.F.  Stocker,  D.  Qin,  G.K. Plat tner, 
M. T ignor,  S.K. Al len,  J.  Boschung, A.  Nauels,  Y.  X ia,  V. 
Bex and P.M. Midgley,  Cambr idge Univers i ty  Press,  UK, 
pp. 1137-1216.

481. Gattuso, J.P. ,  A l lemand, D. and Frankignoul le, 
M. 1999, Photosynthesis and calc i f icat ion at  ce l lu lar, 
organismal  and community leve ls in cora l  reefs:  a rev iew 
on interact ions and contro l  by carbonate chemistry, 
Amer ican Zoologist  39(1) :  160-183.

482. Nichol ls ,  R.J.  and Cazenave, A.  2010, Sea- leve l 
r ise and i ts  impact on coasta l  zones,  Science  328(5985): 
1517-1520.

483. Wong, P.P.,  Losada, I .J. ,  Gattuso, J.P. ,  Hinkel ,  J. , 
Khattabi ,  A. ,  McInnes,  K. ,  Sai to,  Y.  and Sal lenger,  A. 
2014, Chapter 5.  Coasta l  systems and low- ly ing areas, 
in Cl imate Change 2014: Impacts,  Adaptat ion,  and 
Vulnerabi l i ty.  Part  A:  Contr ibut ion of  Work ing Group I I 

to the F i f th Assessment Report  of  the Intergovernmenta l 
Panel  on Cl imate Change ,  eds R. Nichol ls  and F.  Santos, 
Cambr idge Univers i ty  Press,  pp. 361-409.

484. Mengel ,  M.,  Levermann, A. ,  Fr ie ler,  K. ,  Robinson, 
A. ,  Marzeion,  B.  and Winkelmann, R. 2016, Future sea 
leve l  r ise constra ined by observat ions and long-term 
commitment,  Proceedings of  the Nat ional  Academy of 
Sciences of  the Uni ted States of  Amer ica  113(10) :  2597-
2602.

485. Nerem, R.S.,  Beckley,  B.D.,  Fasul lo,  J.T. , 
Haml ington, B.D.,  Masters,  D. and Mitchum, G.T.  2018, 
Cl imate-change-dr iven accelerated sea- leve l  r ise detected 
in the a l t imeter era,  Proceedings of  the Nat ional  Academy 
of  Sciences of  the Uni ted States of  Amer ica  115(9) :  2022-
2025.

486. White,  N.J. ,  Haigh,  I .D. ,  Church, J.A. ,  Koen, T. , 
Watson, C.S.,  Pr i tchard,  T.R.,  Watson, P.J. ,  Burgette, 
R.J. ,  McInnes,  K.L.  and You, Z.  2014, Austra l ian sea 
leve ls:  Trends, regional  var iabi l i ty  and inf luencing factors, 
Earth-Science Reviews  136: 155-174.

487. Hoegh-Guldberg,  O.,  Jacob, D.,  Tay lor,  M.,  Bindi , 
M.,  Brown, S. ,  Cami l lon i ,  I . ,  D iedhiou,  A. ,  Dja lante,  R. , 
Ebi ,  K. ,  Engelbrecht,  F. ,  Guiot ,  J. ,  Hi j ioka,  Y. ,  Mehrotra, 
S. ,  Payne, A. ,  Senevi ratne,  S. I . ,  Thomas, A. ,  Warren,  R. 
and Zhou, G. 2018, Impacts of  1.5ºC global  warming on 
natura l  and human systems, in Global  Warming of  1.5°C. 
An IPCC Specia l  Report  on the Impacts of  Global  Warming 
of  1.5°C Above Pre- Industr ia l  Levels and Related Global 
Greenhouse Gas Emiss ion Pathways,  in the Context 
of  Strengthening the Global  Response to the Threat of 
Cl imate Change, Susta inable Development,  and Ef forts 
to Eradicate Poverty ,  eds V.  Masson-Delmotte,  P.  Zhai , 
H.O. Pörtner,  D.  Roberts,  J.  Skea, P.R. Shukla,  A.  P i ran i , 
W. Moufouma-Okia,  C. Péan, R. Pidcock, R. Connors, 
J.B.R. Matthews, Y.  Chen, X.  Zhou, M. I .  Gomis,  E. 
Lonnoy, T.  Maycock, M. T ignor and T.  Water f ie ld,  Wor ld 
Meteorologica l  Organizat ion,  Geneva, Switzer land, pp. 
175-311.

488. Perry,  C.T. ,  A lvarez-F i l ip,  L. ,  Graham, N.A.J. ,  Mumby, 
P.J. ,  W i lson, S.K.,  Kench, P.S.,  Manzel lo,  D.P.,  Morgan, 
K.M.,  S langen, A.B.A.,  Thomson, D.P.,  Januchowski-
Hart ley,  F. ,  Smithers,  S.G.,  Steneck, R.S.,  Car l ton, 
R. ,  Edinger,  E.N.,  Enochs, I .C. ,  Estrada-Sald í¬var,  N., 
Haywood, M.D.E.,  Kolodzie j ,  G.,  Murphy,  G.N.,  Pérez-
Cervantes,  E. ,  Suchley,  A. ,  Valent ino,  L. ,  Boenish,  R. , 
W i lson, M. and Macdonald,  C. 2018, Loss of  cora l  reef 
growth capaci ty to t rack future increases in sea leve l , 
Nature  55:  396-400.

489. Herbert ,  E.R.,  Boon, P. ,  Burgin,  A.J. ,  Neubauer,  S.C., 
Frankl in,  R.B.,  Ardón, M.,  Hopfensperger,  K.N.,  Lamers, 
L.P.M. and Gel l ,  P.  2015, A g lobal  perspect ive on wet land 
sa l in izat ion:  ecologica l  consequences of  a growing threat 
to f reshwater wet lands, Ecosphere  6 (10) :  1-43.

490. Saunders,  M. I . ,  Leon, J.X. ,  Cal laghan, D.P., 
Roel fsema, C.M.,  Hamylton,  S. ,  Brown, C.J. ,  Baldock, 
T. ,  Golshani ,  A. ,  Phinn,  S.R. and Lovelock,  C.E.  2014, 
Interdependency of  t ropica l  mar ine ecosystems in 
response to c l imate change, Nature Cl imate Change  4 (8) : 
724-729.

491. Nurse,  L.A. ,  McLean, R.F. ,  Agard,  J. ,  Br igugl io, 
L.P. ,  Duvat-Magnan, V. ,  Peles ikot i ,  N. ,  Tompkins,  E.  and 
Webb, A.  2014, Chapter 29. Smal l  is lands, in Cl imate 
Change 2014: Impacts,  Adaptat ion,  and Vulnerabi l i ty.  Part 
B:  Regional  Aspects.  Contr ibut ion of  Work ing Group I I 
to the F i f th Assessment Report  of  the Intergovernmenta l 
Panel  on Cl imate Change ,  eds V.R. Barros,  C.B. F ie ld, 
D.J.  Dokken, M.D. Mastrandrea,  K.J.  Mach, T.E.  Bi l i r,  M. 
Chatter jee,  K.L.  Ebi ,  Y.O. Estrada, R.C. Genova, B. Girma, 
E.S. Kissel ,  A.N. Levy,  S.  MacCracken, P.R. Mastrandrea 
and L.L.  White,  Cambr idge Univers i ty  Press,  pp. 1613-
1654.

492. Ourbak, T.  and Magnan, A.K. 2018, The Par is 
Agreement and c l imate change negot iat ions:  Smal l 
Is lands, b ig p layers,  Regional  Env i ronmenta l  Change 
18(8) :  2201-2207.

493. Rasmussen, D.J. ,  Bi t termann, K. ,  Buchanan, M., 
Kulp,  S. ,  Strauss,  B. ,  Kopp, R.E.  and Oppenheimer,  M. 
2017, Coasta l  f lood impl icat ions of  1.5oC, 2.0oC, and 
2.5oC temperature stabi l izat ion targets in the 21st and 
22nd century,  Envi ronmenta l  Research Letters  13(3) : 
034040.

494. Hamann, M.,  L impus, C.J.  and Read, M.A. 2007, 
Vulnerabi l i ty  of  mar ine rept i les in the Great Barr ier  Reef  to 
c l imate change, in Cl imate Change and the Great Barr ier 
Reef :  A Vulnerabi l i ty  Assessment ,  eds J.E.  Johnson and 



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 311

P.A. Marshal l ,  Great Barr ier  Reef  Mar ine Park Author i ty 
and Austra l ian Greenhouse Off ice,  Townsvi l le ,  pp. 465-
496.

495. Galbra i th,  H.,  Jones,  R.,  Park,  R. ,  Clough, J. , 
Herrod-Jul ius,  S. ,  Harr ington, B. and Page, G. 2002, 
Global  c l imate change and sea leve l  r ise:  potent ia l  losses 
of  intert ida l  habi tat  for  shorebirds,  Waterbi rds  25(2) :  173-
183.

496. Fuentes,  M.M.P.B.,  L impus, C.J. ,  Hamann, M. and 
Dawson, J.  2010, Potent ia l  impacts of  pro jected sea- leve l 
r ise on sea turt le rooker ies,  Aquat ic Conservat ion:  Mar ine 
and Freshwater Ecosystems  20(2) :  132-139.

497. Fuentes,  M.M.P.B.,  L impus, C.J.  and Hamann, M. 
2011, Vulnerabi l i ty  of  sea turt le nest ing grounds to c l imate 
change, Global  Change Bio logy  17(1) :  140-153.

498. Mengel ,  M.,  Nauels,  A. ,  Rogel j ,  J .  and Schleussner, 
C. 2018, Committed sea- leve l  r ise under the Par is 
Agreement and the legacy of  delayed mit igat ion act ion, 
Nature Communicat ions  9 (1) :  601.

499. Bigg, G.,  J ickel ls ,  T. ,  L iss,  P.  and Osborn,  T.  2003, 
The ro le of  the oceans in c l imate,  Internat ional  Journal  of 
Cl imatology  23(10) :  1127-1159.

500. Hartmann, D.L. ,  K le in Tank, M.G.,  Rust icucci , 
M.,  A lexander,  L.V. ,  Bronnimann, S. ,  Charabi ,  Y.A.R., 
Dentener,  F.J. ,  Dlugokencky,  E.J. ,  Easter l ing,  D.R., 
Kaplan,  A. ,  Soden, B.J. ,  Thorne,  P.W.,  W i ld,  M. and 
Zhai ,  P.  2013, Observat ions:  atmosphere and sur face, 
in Cl imate Change 2013: The Physica l  Science Basis. 
Contr ibut ions of  Work ing Group I  to the F i f th Assessment 
Report  of  the Intergovernmenta l  Panel  on Cl imate Change , 
eds T.F.  Stocker,  D.  Qin,  G.K. Plat tner,  M. T ignor,  S.K. 
Al len,  J.  Boschung, A.  Nauels,  Y.  X ia,  V.  Bex and P.M. 
Midgley,  Cambr idge Univers i ty  Press,  UK, pp. 159-254.

501. Lough, J.M.,  Anderson, K.D. and Hughes, T.P.  2018, 
Increasing thermal  st ress for  t ropica l  cora l  reefs:  1871–
2017, Scient i f ic  Reports  8 (1) :  6079.

502. Cheng, L. ,  Abraham, J. ,  Hausfather,  Z.  and 
Trenberth,  K.E.  2019, How fast  are the oceans warming? 
Science  363(6423):  128-129.

503. Smith,  P. ,  Davis,  S.J. ,  Creutz ig,  F. ,  Fuss,  S. ,  Minx, 
J. ,  Gabr ie l le ,  B. ,  Kato,  E. ,  Jackson, R.B.,  Cowie,  A.  and 
Kr iegler,  E.  2016, Biophysica l  and economic l imi ts to 
negat ive CO2 emiss ions,  Nature Cl imate Change  6 (1) :  42.

504. Johansen, J.L. ,  Pratchett ,  M.S.,  Messmer,  V. ,  Coker, 
D.J. ,  Tobin,  A.J.  and Hoey, A.S. 2015, Large predatory 
cora l  t rout species unl ike ly to meet increasing energet ic 
demands in a warming ocean, Scient i f ic  Reports  5:  13830.

505. Sinc la i r,  B.J. ,  Marshal l ,  K.E. ,  Sewel l ,  M.A.,  Levesque, 
D.L. ,  W i l let t ,  C.S.,  S lotsbo, S. ,  Dong, Y. ,  Har ley,  C.D., 
Marshal l ,  D.J.  and Helmuth,  B.S. 2016, Can we predict 
ectotherm responses to c l imate change us ing thermal 
per formance curves and body temperatures? Ecology 
Letters  19(11) :  1372-1385.

506. Portner,  H.O. and Knust,  R.  2007, Cl imate change 
affects mar ine f ishes through the oxygen l imi tat ion of 
thermal  to lerance, Science  315(5808):  95-97.

507. Bhadja,  P.  and Vaghela,  A.  2013, Effect  of 
temperature on the tox ic i ty  of  some meta ls to Labeo bata 
(Hami l ton,  1822),  Internat ional  Journal  of  Advanced L i fe 
Sciences  6 (3) :  252-254.

508. De’ath,  G.,  Lough, J.M. and Fabr ic ius,  K.E.  2009, 
Decl in ing cora l  ca lc i f icat ion on the Great Barr ier  Reef , 
Science  323(5910):  116-119.

509. Lough, J.M. and Cant in,  N.E.  2014, Perspect ives 
on massive cora l  growth rates in a changing ocean, The 
Bio logica l  Bul let in  226: 187-202.

510. Short ,  F.T. ,  Kosten,  S. ,  Morgan, P.A.,  Malone, S. 
and Moore,  G.E. 2016, Impacts of  c l imate change on 
submerged and emergent wet land plants,  Aquat ic Botany 
135: 3-17.

511. Baker,  A.C.,  Glynn, P.W. and Riegl ,  B.  2008, 
Cl imate change and cora l  reef  b leaching: an ecologica l 
assessment of  long-term impacts,  recovery t rends and 
future out look,  Estuar ine,  Coasta l  and Shel f  Science  80(4) : 
435-471.

512. Benthuysen, J.A. ,  Ol iver,  E.C.,  Feng, M. and 
Marshal l ,  A.G. 2018, Extreme mar ine warming across 
t ropica l  Austra l ia  dur ing austra l  summer 2015–2016, 
Journal  of  Geophysica l  Research: Oceans  123(2) :  1301-
1326.

513. Bureau of  Meteorology 2019, Austra l ian Cl imate 
Var iabi l i ty  and Change -  T ime ser ies graphs ,  Bureau of 

Meteorology,  ht tp://www.bom.gov.au/c l imate/change/
index.shtml#tabs=Tracker&tracker=t imeser ies.

514. Fabr ic ius,  K.E.  2005, Effects of  terrestr ia l  runoff 
on the ecology of  cora ls and cora l  reefs:  Review and 
synthesis,  Marine Pol lut ion Bul let in  50(2) :  125-146.

515. Chalker,  B.E.  and Tay lor,  D.L.  1975, L ight enhanced 
calc i f icat ion,  and the ro le of  ox idat ive phosphory lat ion 
in ca lc i f icat ion of  the cora l  Acropora  cerv icorn is, 
Proceedings of  the Royal  Society of  London Ser ies B: 
Bio logica l  Sciences  190: 323-331.

516. Col l ier,  C.,  Chartrand, K. ,  Honchin,  C.,  F letcher,  A. 
and Rasheed, M. 2016, Light Thresholds for  Seagrasses 
of  the GBRWHA: a synthesis and guid ing document: 
inc luding knowledge gaps and future pr ior i t ies.  Report  to 
the Nat ional  Env i ronmenta l  Science Programme ,  Reef  and 
Rainforest  Research Centre L imited, Cairns.

517. Chartrand, K.M.,  Bryant,  C.V. ,  Carter,  A.B.,  Ralph, 
P.J.  and Rasheed, M.A. 2016, L ight thresholds to prevent 
dredging impacts on the Great Barr ier  Reef  seagrass, 
Zostera muel ler i  ssp. capr icorn i ,  Front iers in Mar ine 
Science  3:  106.

518. Cerr i ,  R.D. 1983, The effect  of  l ight  intensi ty on 
predator and prey behaviour in cypr in id f ish:  factors that 
in f luence prey r isk,  Animal  Behaviour  31(3) :  736-742.

519. Mundy, C. and Babcock, R. 1998, Role of  l ight 
intensi ty and spectra l  qual i ty  in cora l  sett lement: 
Impl icat ions for  depth-dependent sett lement? Journal  of 
Exper imenta l  Mar ine Bio logy and Ecology  223: 235-255.

520. Maida,  M.,  Col l ,  J .  and Sammarco, P.  1994, 
Shedding new l ight  on sc leract in ian cora l  recru i tment, 
Journal  of  Exper imenta l  Mar ine Bio logy and Ecology 
180(2) :  189-202.

521. Yamashiro,  H. and Nish i ra,  M. 1995, Phototax is in 
Fungi idae cora ls (Scleract in ia ) ,  Marine Bio logy  124(3) : 
461-465.

522. Baynes,  T.W. 1999, Factors structur ing a subt ida l 
encrust ing community in the southern Gul f  of  Cal i forn ia, 
Bul let in of  Mar ine Science  64(3) :  419-450.

523. Dunne, R.P. and Brown, B.E.  2001, The inf luence of 
so lar  radiat ion on bleaching of  shal low water reef  cora ls 
in the Andaman Sea, 1993-1998, Coral  Reefs  20(3) :  201-
210.

524. Boyett ,  H.V. ,  Bourne,  D.G. and Wi l l is ,  B.L.  2007, 
E levated temperature and l ight  enhance progress ion and 
spread of  b lack band disease on staghorn cora ls of  the 
Great Barr ier  Reef ,  Marine Bio logy  151(5) :  1711-1720.

525. Lesser,  M.P. and Farre l l ,  J .H. 2004, Exposure to 
solar  radiat ion increases damage to both host t issues 
and a lga l  symbionts of  cora ls dur ing thermal  st ress,  Coral 
Reefs  23(32) :  267-377.

526. Thorson, G. 1964, L ight as an ecologica l  factor in 
the d ispersal  and sett lement of  larvae of  mar ine bottom 
invertebrates,  Ophel ia  1 (1) :  167-208.

527. Commonwealth of  Austra l ia  and State of  Queensland 
2018, Reef 2050 Water Qual i ty  Improvement Plan 2017-
2022 ,  Reef  Water Qual i ty  Protect ion Plan Secretar iat , 
Br isbane.

528. Fa lkowski ,  P.G. 1997, Evolut ion of  the n i t rogen cycle 
and i ts  in f luence on the b io logica l  sequestrat ion of  CO2 in 
the ocean, Nature  387(6630):  272-275.

529. Parsons, T.R. and Harr ison, P.  1983, Nutr ient  cyc l ing 
in mar ine ecosystems, in Physio logica l  P lant  Ecology IV 
Spr inger,  pp. 85-115.

530. Fa lkowski ,  P.G. 1994, The ro le of  phytoplankton 
photosynthesis in g lobal  b iogeochemical  cyc les, 
Photosynthesis Research  39(3) :  235-258.

531. Arr igo,  K.R. 2005, Erratum: Mar ine microorganisms 
and global  nutr ient  cyc les,  Nature  438(7064):  122.

532. Lønborg,  C.,  Doyle,  J. ,  Furnas,  M.,  Menendez, 
P. ,  Benthuysen, J.A.  and Carre i ra,  C. 2017, Seasonal 
organic matter  dynamics in the Great Barr ier  Reef  lagoon: 
Contr ibut ion of  carbohydrates and prote ins,  Cont inenta l 
Shel f  Research  138: 95-105.

533. Rädecker,  N.,  Pogoreutz,  C.,  Voolstra,  C.R., 
W iedenmann, J.  and Wi ld,  C. 2015, Ni t rogen cycl ing in 
cora ls:  the key to understanding holobiont funct ion ing? 
Trends in Microbio logy  23(8) :  490-497.

534. Kl ine,  D. I . ,  Kuntz,  N.M.,  Bre i tbart ,  M.,  Knowlton,  N. 
and Rohwer,  F.  2006, Role of  e levated organic carbon 
leve ls and microbia l  act iv i ty  in cora l  morta l i ty,  Marine 
Ecology Progress Ser ies  314: 119-125.



312 REFERENCES

535. Meyer,  F.W.,  Vogel ,  N.,  Die le,  K. ,  Kunzmann, A. , 
Uth icke,  S.  and Wi ld,  C. 2016, Effects of  h igh d issolved 
inorganic and organic carbon avai labi l i ty  on the physio logy 
of  the hard cora l  Acropora  mi l lepora f rom the Great 
Barr ier  Reef ,  PLoS ONE  11(3) :  e0149598.

536. Devl in,  M. and Schaffe lke,  B.  2009, Spat ia l  extent of 
r iver ine f lood plumes and exposure of  mar ine ecosystems 
in the Tul ly  coasta l  region,  Great Barr ier  Reef ,  Marine and 
Freshwater Research 60(11) :  1109-1122.

537. Brodie,  J. ,  Burford,  M.,  Davis,  A. ,  da Si lva,  E. , 
Devl in,  M.,  Furnas,  M.,  Kroon, F. ,  Lewis,  S. ,  Lønborg, 
C. and O’Br ien,  D. 2015, The re lat ive r isks to water 
qual i ty  f rom part icu late n i t rogen discharged f rom r ivers 
to the Great Barr ier  Reef  in compar ison to other forms 
of  n i t rogen, TropWATER Report  14/31 ,  James Cook 
Univers i ty,  Townsvi l le .

538. Pratchett ,  M.,  Messmer,  V.  and Thompson, C. 
2016, Sett lement Col lectors as an Ear ly  Warning System 
for  Outbreaks of  Crown-of-Thorns Star f ish ,  Reef  and 
Rainforest  Research Centre L imited, Cairns.

539. Haapkylä,  J. ,  Unsworth,  R.K.F. ,  F lave l l ,  M.,  Bourne, 
D.G.,  Schaffe lke,  B.  and Wi l l is ,  B.L.  2011, Seasonal 
ra infa l l  and runoff  promote cora l  d isease on an inshore 
reef ,  PLoS ONE  6 (2) :  e16893.

540. W iedenmann, J. ,  D’Angelo,  C.,  Smith,  E.G.,  Hunt, 
A.N.,  Legi ret ,  F. ,  Post le,  A.D. and Achterberg,  E.P. 2013, 
Nutr ient  enr ichment can increase the suscept ib i l i ty  of  reef 
cora ls to b leaching, Nature Cl imate Change  3:  160-164.

541. Fabr ic ius,  K.E. ,  De’ath,  G.,  McCook, L.J. ,  Turak,  E. 
and Wi l l iams, D.M. 2005, Changes in a lga l ,  cora l  and f ish 
assemblages a long water qual i ty  gradients on the inshore 
Great Barr ier  Reef ,  Marine Pol lut ion Bul let in  51(1-4) :  384-
398.

542. Caldei ra,  K.  and Wickett ,  M.E. 2003, Anthropogenic 
carbon and ocean pH, Nature  425: 365.

543. Honisch, B.,  Ridgwel l ,  A. ,  Schmidt,  D.N.,  Thomas, 
E. ,  Gibbs, S.J. ,  S lu i js ,  A. ,  Zeebe, R.,  Kump, L. , 
Mart indale,  R.C.,  Greene, S.E. ,  K iess l ing,  W.,  Ries,  J. , 
Zachos, J.C.,  Royer,  D.L. ,  Barker,  S. ,  Marchi t to,T.M.,Jr 
Moyer,R.,  Pele jero,  C.,  Z iver i ,  P. ,  Foster,  G.L.  and 
Wi l l iams, B. 2012, The geologica l  record of  ocean 
acid i f icat ion,  Science  335(6072):  1058-1063.

544. Cao, L. ,  Caldei ra,  K.  and Jain,  A.K. 2007, Effects of 
carbon diox ide and c l imate change on ocean acid i f icat ion 
and carbonate minera l  saturat ion,  Geophysica l  Research 
Letters  34(5) :  L05607.

545. Stocker,  T.F. ,  Qin,  D.,  P lat tner,  G.K.,  A lexander, 
L.V. ,  A l len,  S.K.,  Bindoff ,  N.L. ,  Bréon, F.M.,  Church, J.A. , 
Cubasch, U. and Emor i ,  S.  2013, Technica l  summary, 
in Cl imate Change 2013: the Physica l  Science Basis. 
Contr ibut ion of  Work ing Group I  to the F i f th Assessment 
Report  of  the Intergovernmenta l  Panel  on Cl imate Change 
Cambr idge Univers i ty  Press,  pp. 33-115.

546. Kleypas,  J. ,  McManus, J.  and Menez, L.  1999, 
Envi ronmenta l  l imi ts to cora l  reef  development:  where do 
we draw the l ine? Amer ican Zoologist  39:  146-159.

547. Howard, W.R.,  Nash, M.,  Anthony,  K. ,  Schmutter, 
K. ,  Bostock,  H.,  Bromhead, D.,  Byrne,  M.,  Curr ie,  K. , 
Diaz-Pul ido,  G.,  Eggins,  S. ,  E l lwood, M.,  Eyre,  B. ,  Haese, 
R.,  Hal legraeff ,  G.,  Hi l l ,  K. ,  Hurd,  C.,  Law, C.,  Lenton, 
A. ,  Matear,  R. ,  McNei l ,  B. ,  McCul loch, M.,  Mul ler,  M.N., 
Munday, P.L. ,  Opdyke, B.,  Pandol f i ,  J .M.,  Richards,  R. , 
Robersts,  D.,  Russel l ,  B.D.,  Smith,  A.M.,  T i lbrook, B., 
Waite,  A.  and Wi l l iamson, J.  2012, Ocean acid i f icat ion,  in 
A Mar ine Cl imate Change Impacts and Adaptat ion Report 
Card for  Austra l ia  2012 ,  eds E.S. Poloczanska, A.J. 
Hobday and A.J.  Richardson, CSIRO, Canberra.

548. Kroeker,  K.J. ,  Kordas,  R.L. ,  Cr im, R.,  Hendr iks,  I .E. , 
Ramajo,  L. ,  S ingh, G.S.,  Duarte,  C.M. and Gattuso, J. 
2013, Impacts of  ocean acid i f icat ion on mar ine organisms: 
quant i fy ing sensi t iv i t ies and interact ion with warming, 
Global  Change Bio logy  19:  1884-1896.

549. Cattano, C.,  Claudet,  J. ,  Domenic i ,  P.  and Mi lazzo, 
M. 2018, L iv ing in a h igh CO2 wor ld:  a g lobal  meta-
analys is shows mult ip le t ra i t-mediated f ish responses to 
ocean acid i f icat ion,  Ecologica l  Monographs  88:  320-335.

550. Riebesel l ,  U. ,  Gattuso, J. ,  Th ingstad, T.  and 
Middelburg,  J.  2013, Arct ic ocean acid i f icat ion:  pelagic 
ecosystem and biogeochemical  responses dur ing a 
mesocosm study,  Biogeosciences  10:  5619-5626.

551. Richier,  S. ,  Achterberg,  E.P.,  Humphreys,  M.P., 
Poul ton,  A.J. ,  Suggett ,  D.J. ,  Tyrre l l ,  T.  and Moore,  C.M. 
2018, Geographica l  CO2 sensi t iv i ty  of  phytoplankton 

corre lates wi th ocean buffer  capaci ty,  Global  Change 
Bio logy  18(8) :  2622.

552. Garrard,  S.L. ,  Gambi,  M.C.,  Scip ione, M.B.,  Patt i , 
F.P. ,  Lorent i ,  M.,  Zupo, V. ,  Paterson, D.M. and Buia,  M.C. 
2014, Indi rect  effects may buffer  negat ive responses of 
seagrass invertebrate communit ies to ocean acid i f icat ion, 
Journal  of  Exper imenta l  Mar ine Bio logy and Ecology  461: 
31-38.

553. Ordonez,  A. ,  Doropoulos,  C. and Diaz-Pul ido, 
G. 2014, Effects of  ocean acid i f icat ion on populat ion 
dynamics and community structure of  crustose cora l l ine 
a lgae,  The Bio logica l  Bul let in  226(3) :  255-268.

554. Webster,  N.S.,  Uth icke,  S. ,  Botté,  E.S. ,  F lores, 
F.  and Negr i ,  A.P.  2013, Ocean acid i f icat ion reduces 
induct ion of  cora l  sett lement by crustose cora l l ine a lgae, 
Global  Change Bio logy  19(1) :  303-315.

555. Dove, S.G.,  K l ine,  D. I . ,  Pantos,  O.,  Angly,  F.E. , 
Tyson, G.W. and Hoegh-Guldberg,  O. 2013, Future reef 
decalc i f icat ion under a business-as-usual  CO2 emiss ion 
scenar io,  Proceedings of  the Nat ional  Academy of 
Sciences of  the Uni ted States of  Amer ica  110(38) :  15342-
15347.

556. Byrne,  M. 2011, Impact of  ocean warming and ocean 
acid i f icat ion on mar ine invertebrate l i fe  h istory stages: 
Vulnerabi l i t ies and potent ia l  for  pers istence in a changing 
ocean, Oceanography and Mar ine Bio logy:  An Annual 
Review  49:  1-42.

557. Fang, J.K.H.,  Schönberg,  C.H.L. ,  Mel lo-Athayde, 
M.A.,  Hoegh-Guldberg,  O. and Dove, S.  2014, Effects of 
ocean warming and acid i f icat ion on the energy budget 
of  an excavat ing sponge, Global  Change Bio logy  20(4) : 
1043-1054.

558. Diaz-Pul ido,  G.,  Anthony,  K.R.N.,  K l ine,  D. I . ,  Dove, 
S.  and Hoegh-Guldberg,  O. 2012, Interact ions between 
ocean acid i f icat ion and warming on the morta l i ty  and 
dissolut ion of  cora l l ine a lgae 1,  Journal  of  Phycology 
48(1) :  32-39.

559. Albr ight ,  R. ,  Mason, B.,  Mi l ler,  M. and Langdon, 
C. 2010, Ocean acid i f icat ion compromises recru i tment 
success of  the threatened Car ibbean cora l  Acropora 
palmata ,  Proceedings of  the Nat ional  Academy of 
Sciences of  the Uni ted States of  Amer ica  107(47) :  20400-
20404.

560. Albr ight ,  R.  and Langdon, C. 2011, Ocean 
acid i f icat ion impacts mult ip le ear ly  l i fe  h istory processes 
of  the Car ibbean cora l  Por i tes astreoides ,  Global  Change 
Bio logy  17(7) :  2478-2487.

561. Fabr ic ius,  K.E. ,  Noonan, S.H.C.,  Abrego, D., 
Harr ington, L.  and De’ath,  G. 2017, Low recru i tment due 
to a l tered sett lement substrata as pr imary constra int  for 
cora l  communit ies under ocean acid i f icat ion,  Proceedings 
of  the Royal  Society of  London Ser ies B: Bio logica l 
Sciences  284(1862):  20171536.

562. Hoegh-Guldberg,  O.,  Mumby, P.J. ,  Hooten, A.J. , 
Steneck, R.S.,  Greenf ie ld,  P. ,  Gomez, E. ,  Harve l l ,  C.D., 
Sale,  P.F. ,  Edwards,  A.J. ,  Caldei ra,  K. ,  Knowlton,  N., 
Eakin,  C.M.,  Ig les ias-Pr ieto,  R. ,  Muth iga,  N.,  Bradbury, 
R.H.,  Dubi ,  A.  and Hatz io los,  M.E. 2007, Cora l  reefs under 
rapid c l imate change and ocean acid i f icat ion,  Science 
318: 1737-1742.

563. Salamena, G.G.,  Mart ins,  F.  and Ridd, P.V.  2016, 
The densi ty-dr iven c i rcu lat ion of  the coasta l  hypersal ine 
system of  the Great Barr ier  Reef ,  Austra l ia ,  Marine 
Pol lut ion Bul let in  105(1) :  277-285.

564. Wang, Y. ,  Ridd, P.V. ,  Heron, M.L. ,  St ieg l i tz ,  T.C. and 
Orpin,  A.R. 2007, F lushing t ime of  so lutes and pol lutants 
in the centra l  Great Barr ier  Reef  lagoon, Austra l ia ,  Marine 
and Freshwater Research  58(8) :  778-791.

565. Schroeder,  T. ,  Devl in,  M.J. ,  Brando, V.E. ,  Dekker, 
A.G.,  Brodie,  J.E. ,  Clementson, L.A.  and McKinna, L. 
2012, Inter-annual  var iabi l i ty  of  wet season f reshwater 
p lume extent into the Great Barr ier  Reef  lagoon based 
on sate l l i te  coasta l  ocean colour observat ions,  Marine 
Pol lut ion Bul let in  65(4-9) :  210-223.

566. Andutta,  F.P. ,  Ridd, P.V.  and Wolanski ,  E.  2011, 
Dynamics of  hypersal ine coasta l  waters in the Great 
Barr ier  Reef ,  Estuar ine,  Coasta l  and Shel f  Science  94: 
299-305.

567. Col l ier,  C.J. ,  V i l lacorta-Rath,  C.,  van Di jk ,  K. , 
Takahashi ,  M. and Waycott ,  M. 2014, Seagrass 
pro l i ferat ion precedes morta l i ty  dur ing hypo-sal in i ty 
events:  a stress- induced morphometr ic response, PLoS 
ONE  9 (4) :  e94014.



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 313

568. Coles,  S.L.  and Jokie l ,  P.L.  1992, Effects of  sa l in i ty 
on cora l  reefs,  in Pol lut ion in Tropica l  Aquat ic Systems , 
eds D.W. Connel l  and D.W. Hawker,  CRC Press,  Boca 
Raton, F lor ida,  pp. 147-166.

569. Rocker,  M.M.,  Francis,  D.S.,  Fabr ic ius,  K.E. ,  W i l l is , 
B.L.  and Bay,  L.K. 2017, Var iat ion in the heal th and 
biochemical  condi t ion of  the cora l  Acropora tenuis  a long 
two water qual i ty  gradients on the Great Barr ier  Reef , 
Austra l ia ,  Marine Pol lut ion Bul let in  119(2) :  106-119.

570. Sparrow, L. ,  Momigl iano, P. ,  Russ,  G.R. and 
Heimann, K.  2017, Effects of  temperature,  sa l in i ty  and 
composi t ion of  the d inof lagel late assemblage on the 
growth of  Gambierdiscus carpenter i  iso lated f rom the 
Great Barr ier  Reef ,  Harmful  A lgae 65: 52-60.

571. Swi f t ,  M.J. ,  Heal ,  O.W.,  Anderson, J.M. and 
Anderson, J.M. 1979, Decomposi t ion in Terrestr ia l 
Ecosystems ,  Univers i ty  of  Cal i forn ia Press.

572. Amaral-Zett ler,  L. ,  Art igas,  L.F. ,  Baross,  J. ,  Loka 
Bharath i ,  P.A.,  Boet ius,  A. ,  Chandramohan, D.,  Herndl , 
G.,  Kogure,  K. ,  Neal ,  P. ,  Perdos-Al io,  C.,  Ramette,  A. , 
Schouten, S. ,  Sta l ,  L. ,  Thessen, A. ,  Leeuw, J.  and Sogin, 
M. 2010, Chapter 12: A g lobal  census of  mar ine microbes, 
in Li fe in the Wor ld’s Oceans ,  ed.  A.  McIntyre,  W i ley-
Blackwel l .

573. Webster,  N.S. and Bourne, D.G. 2012, Microbes, in 
A Mar ine Cl imate Change Impacts and Adaptat ion Report 
Card for  Austra l ia  2012 ,  eds E.S. Poloczanska, A.J. 
Hobday and A.J.  Richardson, CSIRO, Canberra.

574. Graham, E.B.,  Knelman, J.E. ,  Schindlbacher,  A. , 
S ic i l iano, S. ,  Breulmann, M.,  Yannare l l ,  A. ,  Beman, J. , 
Abel l ,  G.,  Phi l ippot,  L.  and Prosser,  J.  2016, Microbes 
as engines of  ecosystem funct ion:  when does community 
structure enhance predict ions of  ecosystem processes? 
Front iers in Microbio logy  7:  214.

575. Whitman, W.B.,  Coleman, D.C. and Wiebe, W.J. 
1998, Prokaryotes:  the unseen major i ty,  Proceedings of 
the Nat ional  Academy of  Sciences of  the Uni ted States of 
Amer ica  95(12) :  6578-6583.

576. Fan, L. ,  L iu,  M.,  S imister,  R. ,  Webster,  N.S. and 
Thomas, T.  2013, Mar ine microbia l  symbios is heats up: 
Loss of  interact ions in a sponge holobiont under thermal 
st ress,  ISME Journal  7:  991-1002.

577. Rosenberg,  E. ,  Koren, O.,  Reshef ,  L. ,  Efrony,  R.  and 
Zi lber-Rosenberg,  I .  2007, The ro le of  microorganisms 
in cora l  heal th,  d isease and evolut ion,  Nature Reviews 
Microbio logy  5:  355-362.

578. Harve l l ,  C.D.,  Mitchel l ,  C.E. ,  Ward, J.R.,  A l t izer, 
S. ,  Dobson, A.P.,  Ost fe ld,  R.S. and Samuel ,  M.D. 2002, 
Cl imate warming and disease r isks for  terrestr ia l  and 
mar ine b iota,  Science  296(5576):  2158-2162.

579. Zaneveld,  J.R.,  Burkepi le,  D.E. ,  Shantz,  A.A., 
Pr i tchard,  C.E. ,  McMinds, R.,  Payet,  J.P. ,  Welsh,  R. , 
Correa,  A.M.S.,  Lemoine,  N.P.,  Rosales,  S. ,  Fuchs, 
C.,  Maynard,  J.A.  and Thurber,  R.V.  2016, Overf ish ing 
and nutr ient  pol lut ion interact wi th temperature to 
d isrupt cora l  reefs down to microbia l  scales,  Nature 
Communicat ions  7:  11833.

580. Lamb, J.B.,  W i l l is ,  B.L. ,  F iorenza,  E.A.,  Couch, C.S., 
Howard, R.,  Rader,  D.N.,  True,  J.D.,  Kel ly,  L.A. ,  Ahmad, 
A.  and Jompa, J.  2018, Plast ic waste associated with 
d isease on cora l  reefs,  Science  359(6374):  460-462.

581. Haas, A.F. ,  Fa i roz,  M.F.M.,  Kel ly,  L.W.,  Nelson, 
C.E. ,  Dinsdale,  E.A. ,  Edwards,  R.A.,  Gi les,  S. ,  Hatay, 
M.,  Hatay,  M.,  Hisakawa, N.,  Knowles,  B. ,  L im, Y.W., 
Maughan, H.,  Pantos,  O.,  Roach, T. ,  Sanchez,  S. ,  S i lve i ra, 
C.,  Sandin,  S. ,  Smith,  J.E.  and Rohwer,  F.  2016, Global 
microbia l izat ion of  cora l  reefs,  Nature Microbio logy  1: 
16042.

582. Hoegh-Guldberg,  O. and Dove, S.  2008, Pr imary 
product ion,  nutr ient  recycl ing and energy f low through 
cora l  reef  ecosystems, in The Great Barr ier  Reef :  Bio logy, 
Env i ronment and Management ,  eds P. Hutchings,  M. 
Kingsford and O. Heogh-Guldberg,  CSIRO Publ ish ing, 
Col l ingwood, pp. 59-73.

583. Bel l ,  J .J. ,  McGrath,  E. ,  Biggerstaff ,  A. ,  Bates,  T. , 
Bennett ,  H.,  Mar low, J.  and Shaffer,  M. 2015, Sediment 
impacts on mar ine sponges, Marine Pol lut ion Bul let in 
94(1-2) :  5-13.

584. Bel l ,  J .J.  2008, The funct ional  ro les of  mar ine 
sponges, Estuar ine,  Coasta l  and Shel f  Science  79(3) :  341-
353.

585. Pearson, R.G. and Munro,  J.L.  1991, Growth, 
morta l i ty  and recru i tment rates of  g iant  c lams, Tr idacna 

g igas and T.  derasa,  at  Michaelmas Reef,  centra l  Great 
Barr ier  Reef ,  Austra l ia ,  Marine and Freshwater Research 
42(3) :  241-262.

586. Neo, M.L. ,  Eckman, W.,  V icentuan, K. ,  Teo, S.L. 
and Todd, P.A. 2015, The ecologica l  s ign i f icance of  g iant 
c lams in cora l  reef  ecosystems, Biologica l  Conservat ion 
181: 111-123.

587. Bel l ,  J .J. ,  Rovel l in i ,  A. ,  Davy,  S.K.,  Tay lor,  M.W., 
Ful ton,  E.A.,  Dunn, M.R.,  Bennett ,  H.M.,  Kandler,  N.M., 
Luter,  H.M. and Webster,  N.S. 2018, Cl imate change 
a l terat ions to ecosystem dominance: how might sponge-
dominated reefs funct ion? Ecology  99(9) :  1920-1931.

588. D’Ol ivo,  J. ,  McCul loch, M.T. ,  Eggins,  S.  and Trotter, 
J.  2015, Cora l  records of  reef-water pH across the centra l 
Great Barr ier  Reef ,  Austra l ia :  assessing the inf luence of 
r iver  runoff  on inshore reefs,  Biogeosciences  12(4) :  1223.

589. Parker,  C.L. ,  Lynch, A.H.,  Spera,  S.A. and Spangler, 
K.R. 2017, The re lat ionship between t ropica l  cyc lone 
act iv i ty,  nutr ient  loading, and a lga l  b looms over the Great 
Barr ier  Reef ,  Biogeosciences Discussions  doi :  10.5194/
bg-2017-23.

590. Messer,  L.F. ,  Brown, M.V.,  Furnas,  M.J. ,  Carney, 
R.L. ,  McKinnon, A.D. and Seymour,  J.R. 2017, Divers i ty 
and act iv i ty  of  d iazotrophs in Great Barr ier  Reef  sur face 
waters,  Front iers in Microbio logy  8:  967.

591. Alongi ,  D.M.,  Patten,  N.L. ,  McKinnon, D.,  Köstner, 
N.,  Bourne, D.G. and Br inkman, R. 2015, Phytoplankton, 
bacter ioplankton and v i r ioplankton structure and funct ion 
across the southern Great Barr ier  Reef  shel f ,  Journal  of 
Mar ine Systems  142: 25-39.

592. Brodie,  J. ,  Devl in,  M. and Lewis,  S.  2017, Potent ia l 
enhanced surv ivorship of  crown of  thorns star f ish larvae 
due to near-annual  nutr ient  enr ichment dur ing secondary 
outbreaks on the centra l  mid-shel f  of  the Great Barr ier 
Reef ,  Austra l ia ,  Divers i ty  9 (1) :  17.

593. Blondeau-Pat iss ier,  D. ,  Gower,  J.F.R.,  Dekker,  A.G., 
Phinn,  S.R. and Brando, V.E.  2014, A rev iew of  ocean 
color  remote sensing methods and stat ist ica l  techniques 
for  the detect ion,  mapping and analys is of  phytoplankton 
blooms in coasta l  and open oceans, Progress in 
Oceanography  123: 123-144.

594. Cheal ,  A.J. ,  MacNei l ,  M.A.,  Cr ipps,  E. ,  Emsl ie, 
M.J. ,  Jonker,  M.,  Schaffe lke,  B.  and Sweatman, H. 2010, 
Cora l-macroalgal  phase shi f ts or  reef  res i l ience: l inks wi th 
d ivers i ty  and funct ional  ro les of  herbivorous f ishes on the 
Great Barr ier  Reef ,  Coral  Reefs  29(4) :  1005-1015.

595. Steneck, R.S.,  Bel lwood, D.R. and Hay, M.E. 2017, 
Herbivory in the mar ine rea lm, Current Bio logy  27(11) : 
R484-R489.

596. Cvi tanovic,  C.,  Fox,  R.J.  and Bel lwood, D.R. 2007, 
Herbivory by F ishes on the Great Barr ier  Reef :  A Review of 
Knowledge and Understanding. Report  to the Mar ine and 
Tropica l  Sciences Research Faci l i ty ,  Reef  and Rainforest 
Research Centre L imited, Cairns.

597. Heenan, A. ,  Hoey,  A.S.,  W i l l iams, G.J.  and Wi l l iams, 
I .D.  2016, Natura l  bounds on herbivorous cora l  reef 
f ishes,  Proceedings of  the Royal  Society B: Bio logica l 
Sciences  283: 1843.

598. Hoey,  A.  and Bel lwood, D.R. 2011, Suppress ion of 
herbivory by macroalgal  densi ty:  a cr i t ica l  feedback on 
cora l  reefs? Ecology Letters  14:  267.

599. Loff ler,  Z. ,  Bel lwood, D.R. and Hoey, A.S. 2015, 
Among-habi tat  a lga l  se lect iv i ty  by browsing herbivores on 
an inshore cora l  reef ,  Coral  Reefs  34(2) :  597-605.

600. Fox,  R.J.  and Bel lwood, D.R. 2013, Niche 
part i t ion ing of  feeding microhabi tats produces a unique 
funct ion for  herbivorous rabbi t f ishes (Perc i formes, 
Siganidae)  on cora l  reefs,  Coral  Reefs  32:  13-23.

601. Nash, K.L. ,  Graham, N.A.,  Jennings,  S. ,  W i lson, 
S.K. and Bel lwood, D.R. 2016, Herbivore cross-scale 
redundancy supports response divers i ty  and promotes 
cora l  reef  res i l ience, Journal  of  Appl ied Ecology  53(3) : 
646-655.

602. Tay lor,  B.M.,  Brandl ,  S.J. ,  Kapur,  M.,  Robbins,  W.D., 
Johnson, G.,  Huveneers,  C.,  Renaud, P.  and Choat,  J.H. 
2018, Bottom-up processes mediated by socia l  systems 
dr ive demographic t ra i ts of  cora l- reef  f ishes,  Ecology 
99(3) :  642-651.

603. Gordon, S.E. ,  Goat ley,  C.H.R. and Bel lwood, 
D.R. 2016, Low-qual i ty  sediments deter  graz ing by the 
parrot f ish Scarus r ivu latus  on inner-shel f  reefs,  Coral 
Reefs  35(1) :  285-291.



314 REFERENCES

604. Goat ley,  C.,  Hoey,  A.S. and Bel lwood, D.R. 2012, 
The ro le of  tur t les as cora l  reef  macroherbivores,  PLoS 
ONE  7 (6) :  e39979.

605. Hammerschlag,  N.,  Bar ley,  S.C.,  I rschick,  D.J. , 
Meeuwig,  J.J. ,  Nelson, E.R. and Meekan, M.G. 2018, 
Predator decl ines and morphologica l  changes in prey: 
ev idence f rom cora l  reefs depleted of  sharks,  Marine 
Ecology Progress Ser ies  586: 127-139.

606. W irs ing,  A.J.  and Hei thaus,  M.R. 2012, Behavioura l 
t rans i t ion probabi l i t ies in dugongs change with habi tat  and 
predator presence: Impl icat ions for  s i ren ian conservat ion, 
Marine and Freshwater Research  63(11) :  1069-1076.

607. Rasher,  D.B.,  Hoey,  A.S. and Hay, M.E. 2013, 
Consumer d ivers i ty  interacts wi th prey defenses to dr ive 
ecosystem funct ion,  Ecology  94(6) :  1347-1358.

608. Heupel ,  M.R.,  Knip,  D.M.,  S impfendorfer,  C.A. and 
Dulvy,  N.K. 2014, Siz ing up the ecologica l  ro le of  sharks 
as predators,  Marine Ecology Progress Ser ies  495: 291-
298.

609. Khan, J.A. ,  Welsh,  J.Q. and Bel lwood, D.R. 2016, 
Using passive acoust ic te lemetry to in fer  morta l i ty  events 
in adul t  herbivorous cora l  reef  f ishes,  Coral  Reefs  35(2) : 
411-420.

610. Hixon, M.A. 2015, Predat ion:  p isc ivory and the 
ecology of  cora l  reef  f ishes,  in Ecology of  f ishes on Cora l 
Reefs ,  ed.  C. Mora,  Cambr idge Univers i ty  Press,  pp. 41-
54.

611. Emsl ie,  M.,  Cheal ,  A.  and Logan, M. 2017, The 
distr ibut ion and abundance of  reef-associated predatory 
f ishes on the Great Barr ier  Reef ,  Coral  Reefs  36(3) :  829.

612. Rizzar i ,  J. ,  Fr isch,  A.J.  and Magnenat,  K.  2014, 
Divers i ty,  abundance, and distr ibut ion of  reef  sharks on 
outer-shel f  reefs of  the Great Barr ier  Reef ,  Austra l ia , 
Marine Bio logy  161(12) :  2847-2855.

613. Ay l ing,  A.M. and Choat,  J.H. 2008, Abundance 
Patterns of  Reef  Sharks and Predatory F ishes on 
Di f ferent ly  Zoned Reefs in the Offshore Townsvi l le  Region , 
Great Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

614. Holmes, B.J. ,  Sumpton, W.D.,  Mayer,  D.G.,  T ibbetts, 
I .R. ,  Nei l ,  D.T.  and Bennett ,  M.B. 2012, Decl in ing t rends 
in annual  catch rates of  the t iger shark (Galeocerdo 
cuv ier )  in  Queensland, Austra l ia ,  Fisher ies Research  129-
130: 38-45.

615. W i l l iamson, D.H.,  Ceccare l l i ,  D.M.,  Jones,  G.P. and 
Russ,  G.R. 2019, Assessing the Ecologica l  Ef fects of 
Management Zoning on Inshore Reefs of  the Great Barr ier 
Reef  Mar ine Park.  Reef  2050 Integrated Monitor ing and 
Report ing Program Mi lestone Report  2 ,  Great Barr ier  Reef 
Mar ine Park Author i ty,  Townsvi l le .

616. Congdon, B.C.,  Erwin,  C.A.,  Peck, D.R.,  Baker, 
B.G.,  Double,  M.C. and O’Nei l l ,  P.  2007, Vulnerabi l i ty  of 
seabirds on the Great Barr ier  Reef  to c l imate change, in 
Cl imate Change and the Great Barr ier  Reef :  A Vulnerabi l i ty 
Assessment ,  eds J.E.  Johnson and P.A. Marshal l , 
Great Barr ier  Reef  Mar ine Park Author i ty  and Austra l ian 
Greenhouse Off ice,  Townsvi l le ,  pp. 427-463.

617. McDuie,  F. ,  Weeks, S.J.  and Congdon, B.C. 2018, 
Oceanographic dr ivers of  near-colony seabird foraging s i te 
use in t ropica l  mar ine systems, Marine Ecology Progress 
Ser ies  589: 209-225.

618. Harr ison, H.B.,  W i l l iamson, D.H.,  Evans,  R.D., 
A lmany, G.R.,  Thorro ld,  S.R.,  Russ,  G.R.,  Fe ldheim, K.A., 
van Herwerden, L. ,  P lanes,  S. ,  Sr in ivasan, M.,  Berumen, 
M.L.  and Jones, G.P. 2012, Larva l  export  f rom mar ine 
reserves and the recru i tment benef i t  for  f ish and f isher ies, 
Current Bio logy  22(11) :  1023-1028.

619. W i l l iamson, D.H.,  Harr ison, H.B.,  A lmany, G.R., 
Berumen, M.L. ,  Bode, M.,  Bonin,  M.C.,  Choukroun, S. , 
Doherty,  P.J. ,  Fr isch,  A.J. ,  Saenz-Agudelo,  P.  and Jones, 
G.P. 2016, Large-scale,  mul t id i rect ional  larva l  connect iv i ty 
among cora l  reef  f ish populat ions in the Great Barr ier  Reef 
Mar ine Park,  Molecular  Ecology  25(24) :  6039-6054.

620. Heupel ,  M.R.,  W i l l iams, A.J. ,  Welch,  D.,  Mapstone, 
B.D.,  Bal lagh, A.  and Simpfendorfer,  C.A. 2008, 
Compi lat ion of  in format ion on the interact ion of  reef 
sharks wi th the reef  l ine f ishery in the Great Barr ier  Reef 
Mar ine Park:  f ina l  report  to the Great Barr ier  Reef  Mar ine 
Park Author i ty ,  Great Barr ier  Reef  Mar ine Park Author i ty, 
Townsvi l le .

621. Kerry,  J.T.  and Bel lwood, D.R. 2015, The funct ional 
ro le of  tabular  st ructures for  large reef  f ishes:  avoid ing 
predators or  so lar  i r radiance? Coral  Reefs  34(2) :  693-702.

622. Kerry,  J.T.  and Bel lwood, D.R. 2016, Compet i t ion for 
shel ter  in a h igh-divers i ty  system: structure use by large 
reef  f ishes,  Coral  Reefs  35(1) :  245-252.

623. Gray,  M.W.,  Burger,  G. and Lang, B.F.  1999, 
Mitochondr ia l  evolut ion,  Science  283(5407):  1476-1481.

624. Bordenste in,  S.R. 2003, Symbios is and the or ig in of 
species,  Insect Symbios is  1:  347.

625. Zook, D.P. 2001, Pr ior i t iz ing symbios is to susta in 
b iodivers i ty :  are symbionts keystone species? in 
Symbios is  Spr inger,  pp. 3-12.

626. Selosse,  M.,  Bessis,  A.  and Pozo, M.J.  2014, 
Microbia l  pr iming of  p lant  and animal  immunity:  symbionts 
as developmenta l  s ignals,  Trends in Microbio logy  22(11) : 
607-613.

627. Stewart ,  H.L. ,  Holbrook, S.J. ,  Schmit t ,  R.J.  and 
Brooks,  A.J.  2006, Symbiot ic crabs mainta in cora l  heal th 
by c lear ing sediments,  Coral  Reefs  25:  609-615.

628. Glynn, P.W. 1980, Defense by symbiot ic crustacea 
of  host cora ls e l ic i ted by chemical  cues f rom predator, 
Oecologia  47(3) :  287-290.

629. Pratchett ,  M.S. 2001, Inf luence of  cora l  symbionts 
on feeding preferences of  crown-of-thorns star f ish 
Acanthaster  p lanci  in  the western Paci f ic ,  Marine Ecology 
Progress Ser ies  214: 111-119.

630. McKeon, C.S. and Moore,  J.M. 2014, Species and 
s ize d ivers i ty  in protect ive serv ices offered by cora l 
guard-crabs,  PeerJ  2:  e574.

631. Rohde, K.  1982, Ecology of  Mar ine Paras i tes , 
Univers i ty  of  Queensland Press,  Br isbane.

632. Rohde, K.  2002, Ecology and biogeography of 
mar ine paras i tes,  Advances in Mar ine Bio logy  43:  3-87.

633. Laffer ty,  K.D.,  Dobson, A.P. and Kur is,  A.M. 2006, 
Paras i tes dominate food web l inks,  Proceedings of  the 
Nat ional  Academy of  Sciences  103(30) :  11211-11216.

634. Roughgarden, J.  1975, Evolut ion of  mar ine 
symbios is:  A s imple cost-benef i t  model ,  Ecology  56(5) : 
1201-1208.

635. Baker,  D.M.,  Freeman, C.J. ,  Wong, J.C.Y.,  Fogel , 
M.L.  and Knowlton,  N. 2018, Cl imate change promotes 
paras i t ism in a cora l  symbios is,  The ISME Journal  12(3) : 
921.

636. Ste l la ,  J.S. ,  Munday, P.L. ,  Walker,  S.P.W.,  Pratchett , 
M.S. and Jones, G.P. 2014, From cooperat ion to combat: 
adverse effect  of  thermal  st ress in a symbiot ic cora l-
crustacean community,  Oecologia  174(4) :  1187-1195.

637. Scott ,  A.  and Hoey, A.S. 2017, Severe consequences 
for  anemonef ishes and the i r  host sea anemones dur ing the 
2016 bleaching event at  L izard Is land, Great Barr ier  Reef , 
Coral  Reefs  36(3) :  873-873.

638. Scott ,  A.  and Dixson, D.L.  2016, Reef  f ishes can 
recognize b leached habi tat  dur ing sett lement:  sea 
anemone bleaching a l ters anemonef ish host se lect ion, 
Proceedings of  the Royal  Society B: Bio logica l  Sciences 
283(1831):  20152694.

639. Davidson, J. ,  Thompson, A. ,  Logan, M. and 
Schaffe lke,  B.  2019, High spat io-temporal  var iabi l i ty 
in Acropor idae sett lement to inshore reefs of  the Great 
Barr ier  Reef ,  PLoS ONE  14(1) :  e0209771.

640. Caley,  M.,  Carr,  M.,  Hixon, M.,  Hughes, T.P. ,  Jones, 
G.P. and Menge, B. 1996, Recru i tment and the local 
dynamics of  open mar ine populat ions,  Annual  Review of 
Ecology and Systemat ics  27(1) :  477-500.

641. Jones,  G.P. 1990, The importance of  recru i tment 
to the dynamics of  a cora l  reef  f ish populat ion,  Ecology 
71(5) :  1691-1698.

642. Lev in,  L.A.  2006, Recent progress in understanding 
larva l  d ispersal :  new di rect ions and digress ions, 
Integrat ive and Comparat ive Bio logy  46(3) :  282-297.

643. Bonin,  M.C.,  Harr ison, H.B.,  W i l l iamson, D.H., 
Fr isch,  A.J. ,  Saenz-Agudelo,  P. ,  Berumen, M.L.  and 
Jones, G.P. 2016, The ro le of  mar ine reserves in the 
replenishment of  a local ly  impacted populat ion of 
anemonef ish on the Great Barr ier  Reef ,  Molecular  Ecology 
25(2) :  487-499.

644. Brothers,  E.B.,  W i l l iams, D.M. and Sale,  P.F.  1983, 
Length of  larva l  l i fe  in twelve fami l ies of  f ishes at  “One 
Tree Lagoon”,  Great Barr ier  Reef ,  Austra l ia ,  Marine 
Bio logy  76(3) :  319-324.

645. F isher,  R. ,  Bel lwood, D.R. and Job, S.D. 2000, 
Development of  swimming abi l i t ies in reef  f ish larvae, 
Marine Ecology Progress Ser ies  202: 163-173.



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 315

646. Stobutzk i ,  I .C.  and Bel lwood, D.R. 1997, Susta ined 
swimming abi l i t ies of  the late pelagic stages of  cora l  reef 
f ishes,  Marine Ecology Progress Ser ies  149(1) :  35-41.

647. Dunstan,  D.,  Ar ie l ,  E. ,  Smithers,  S. ,  P ickford,  J. , 
Bel l ,  I .  and Read, M. 2015, Raine Is land turt le recovery 
pro ject :  conserv ing the wor ld’s largest green turt le nest ing 
s i te in northern GBR, Austra l ia ,  in Proceedings of  the 
Second Austra l ian and Second Western Austra l ian Mar ine 
Turt le Symposia ,  eds.  S.  D. Whit ing and A. D. Tucker, 
Department of  Parks and Wi ld l i fe ,  Perth,  pp. 22.

648. Convent ion on the Conservat ion of  Migratory Species 
of  W i ld Animals 2014, Single Species Act ion Plan for  the 
Loggerhead Turt le (Caretta caretta)  in the South Paci f ic 
Ocean ,  Convent ion on the Conservat ion of  Migratory 
Species of  W i ld Animals,  Germany.

649. Duncan, E.M.,  Broder ick,  A.C.,  Fu l ler,  W.J. , 
Gal loway, T.S. ,  Godfrey,  M.H.,  Hamann, M.,  L impus, C.J. , 
L indeque, P.K.,  Mayes,  A.G. and Omeyer,  L.C. 2019, 
Microplast ic ingest ion ubiqui tous in mar ine turt les,  Global 
Change Bio logy  25(2) :  744-752.

650. Duncan, E.M.,  Arrowsmith,  J. ,  Bain,  C.,  Broder ick, 
A.C.,  Lee,  J. ,  Metcal fe,  K. ,  P ikes ley,  S.K.,  Snape, R.T.E. , 
van Sebi l le ,  E.  and Godley,  B.J.  2018, The t rue depth of 
the Mediterranean plast ic problem: Extreme microplast ic 
pol lut ion on mar ine turt le nest ing beaches in Cyprus, 
Marine Pol lut ion Bul let in  136: 334-340.

651. Chave, K.E. ,  Smith,  S.V.  and Roy, K.J.  1972, 
Carbonate product ion by cora l  reefs,  Marine Geology 
12(2) :  123-140.

652. Hart ,  D.E.  and Kench, P.S. 2007, Carbonate 
product ion of  an emergent reef  p lat form, Warraber Is land, 
Torres Stra i t ,  Austra l ia ,  Coral  Reefs  26(1) :  53-68.

653. Rees,  R. 2007, Agnes Water & Town Of 1770 Sewage 
Treatment ,  Cardno (Qld)  Pty Ltd,  Toowong, QLD.

654. Wul ff ,  J.L.  1984, Sponge-mediated cora l  reef  growth 
and re juvenat ion,  Coral  Reefs  3 (3) :  157-163.

655. Eyre,  B.D.,  Cyronak, T. ,  Drupp, P. ,  De Car lo,  E.H., 
Sachs, J.P.  and Andersson, A.J.  2018, Cora l  reefs wi l l 
t rans i t ion to net d issolv ing before end of  century,  Science 
359(6378):  908-911.

656. Cant in,  N.E.  and Lough, J.M. 2014, Surv iv ing cora l 
b leaching events:  Por i tes growth anomal ies on the Great 
Barr ier  Reef ,  PLoS ONE  9 (2) :  e8872.

657. Gattuso, J.P. ,  Frankignoul le,  M.,  Bourge, I . , 
Romaine,  S.  and Buddemeier,  R.W. 1998, Effect  of 
ca lc ium carbonate saturat ion of  seawater on cora l 
ca lc i f icat ion,  Global  P lanetary Change  18:  37-47.

658. Pennis i ,  E.  2009, Calc i f icat ion rates drop in 
Austra l ian reefs,  Science 323(5910):  27.

659. Davies,  P.  and Hughes, H. 1983, High energy reef 
and terr igenous sedimentat ion,  Boulder Reef ,  Great 
Barr ier  Reef ,  BMR Journal  of  Austra l ian Geology and 
Geophysics  8 (3) :  201-210.

660. Warme, J.E.  1975, Bor ings as t race foss i ls ,  and 
the processes of  mar ine b ioeros ion,  in The Study of 
Trace Fossi ls :  A Synthesis of  Pr inc ip les,  Problems and 
Procedures in Ichnology ,  ed.  R.W. Frey,  Spr inger-Ver lag, 
Ber l in,  pp. 181-227.

661. Bel lwood, D.R.,  Hoey,  A.S. and Choat,  J.H. 2003, 
L imited funct ional  redundancy in h igh d ivers i ty  systems: 
res i l ience and ecosystem funct ion on cora l  reefs,  Ecology 
Letters  6 (4) :  281-285.

662. Hoegh-Guldberg,  O.,  Anthony,  K. ,  Berkelmans, 
R.,  Davis,  S. ,  Fabr ic ius,  K. ,  Lough, J. ,  Marshal l ,  P. , 
van Oppen, M.J.H.,  Negr i ,  A.P.  and Wi l l is ,  B.  2007, 
Vulnerabi l i ty  of  reef-bui ld ing cora ls on the Great Barr ier 
Reef  to c l imate change, in Cl imate Change and the 
Great Barr ier  Reef :  A Vulnerabi l i ty  Assessment ,  eds J.E. 
Johnson and P.A. Marshal l ,  Great Barr ier  Reef  Mar ine Park 
Author i ty  and Austra l ian Greenhouse Off ice,  Townsvi l le , 
pp. 271-307.

663. Cooper,  T.F. ,  De’ath,  G.,  Fabr ic ius,  K.E.  and Lough, 
J.M. 2008, Decl in ing cora l  ca lc i f icat ion in massive Por i tes 
in two nearshore regions of  the northern Great Barr ier 
Reef ,  Global  Change Bio logy  14(3) :  529-538.

664. Hughes, T.P.  1994, Catastrophes, phase shi f ts,  and 
large-scale degradat ion of  a Car ibbean cora l  reef ,  Science 
265(5178):  1547-1551.

665. Boström-Einarsson, L. ,  Bonin,  M.C.,  Munday, P.L. 
and Jones, G.P. 2014, Habi tat  degradat ion modi f ies the 
strength of  interspeci f ic  compet i t ion in cora l  dwel l ing 
damsel f ishes,  Ecology  95(11) :  3056-3067.

666. Bonin,  M.C.,  Boström-Einarsson, L. ,  Munday, P.L. 
and Jones, G.P. 2015, The prevalence and importance 
of  compet i t ion among cora l  reef  f ishes,  Annual  Review of 
Ecology,  Evolut ion,  and Systemat ics  46(1) :  169-190.

667. Jones,  G.P.,  McCormick,  M. I . ,  Sr in ivasan, M. and 
Eagle,  J.V.  2004, Cora l  decl ine threatens f ish b iodivers i ty 
in mar ine reserves,  Proceedings of  the Nat ional  Academy 
of  Sciences of  the Uni ted States of  Amer ica  101(21) : 
8251-8253.

668. McCormick,  M. I .  2012, Lethal  effects of  habi tat 
degradat ion on f ishes through changing compet i t ive 
advantage, Proceedings of  the Royal  Society B: Bio logica l 
Sciences  279: 3899-3904.

669. Kok, J.E. ,  Graham, N.A.J.  and Hoogenboom, M.O. 
2016, Cl imate-dr iven cora l  reorganisat ion inf luences 
aggress ive behaviour in juveni le cora l- reef  f ishes,  Coral 
Reefs  35(2) :  473-483.

670. Horwitz,  R. ,  Hoogenboom, M.O. and F ine,  M. 2017, 
Spat ia l  compet i t ion dynamics between reef  cora ls under 
ocean acid i f icat ion,  Scient i f ic  Reports  7:  40288.

671. Diaz-Pul ido,  G.,  Gouezo, M.,  T i lbrook, B.,  Dove, 
S.  and Anthony,  K.R.N. 2011, High CO2 enhances the 
compet i t ive strength of  seaweeds over cora ls,  Ecology 
Letters  14:  156-162.

672. Anthony,  K.R.N.,  Maynard,  J.A. ,  Diaz-Pul ido,  G., 
Mumby, P.J. ,  Marshal l ,  P.A. ,  Cao, L.  and Hoegh-Guldberg, 
O. 2011, Ocean acid i f icat ion and warming wi l l  lower cora l 
reef  res i l ience, Global  Change Bio logy  17:  1798-1808.

673. Warren,  D.T. ,  Donelson, J.M.,  McCormick,  M. I . , 
Ferrar i ,  M.C.O. and Munday, P.L.  2016, Durat ion of 
exposure to e levated temperature affects compet i t ive 
interact ions in juveni le reef  f ishes,  PLoS ONE  11(10) : 
e016450.

674. V iana, D.S.,  Santamar ía,  L.  and F iguerola,  J.  2016, 
Migratory b i rds as g lobal  d ispersal  vectors,  Trends in 
Ecology and Evolut ion  31(10) :  763-775.

675. Great Barr ier  Reef  Mar ine Park Author i ty  2018, 
Posi t ion statement:  Coasta l  ecosystems (Document 
no. 100452) ,  Great Barr ier  Reef  Mar ine Park Author i ty, 
Townsvi l le .

676. Botsford,  L.W.,  Hast ings,  A.  and Gaines,  S.D. 2001, 
Dependence of  susta inabi l i ty  on the conf igurat ion of 
mar ine reserves and larva l  d ispersal  d istance, Ecology 
Letters  4 (2) :  144-150.

677. Hast ings,  A.  and Harr ison, S.  1994, Metapopulat ion 
dynamics and genet ics,  Annual  Review of  Ecology and 
Systemat ics  25(1) :  167-188.

678. Carey,  M.J. ,  Phi l l ips,  R.A.,  S i lk ,  J.R.D. and Shaffer, 
S.A. 2014, Trans-equator ia l  migrat ion of  short- ta i led 
shearwaters revealed by geolocators,  Emu  114: 352-359.

679. Bowen, B.W.,  Abreu-Grobois,  F.A. ,  Balazs,  G.H., 
Kamezaki ,  N.,  L impus, C.J.  and Fer l ,  R.J.  1995, Trans-
Paci f ic  migrat ions of  the loggerhead turt le (Caretta 
caretta)  demonstrated with mitochondr ia l  DNA markers, 
Proceedings of  the Nat ional  Academy of  Sciences of  the 
Uni ted States of  Amer ica  92:  3731-3734.

680. L impus, C.J. ,  Mi l ler,  J.D.,  Parmenter,  C.J. ,  Reimer, 
D.,  McLachlan,  N.C. and Webb, R. 1992, Migrat ion of 
green (Chelonia mydas)  and loggerhead (Caretta caretta) 
tur t les to and f rom eastern Austra l ian rooker ies,  Wild l i fe 
Research  19:  347-358.

681. McDuie,  F. ,  Weeks, S.J. ,  Mi l ler,  M.G.R. and 
Congdon, B.C. 2015, Breeding t ropica l  shearwaters use 
d istant foraging s i tes when se l f -prov is ion ing,  Marine 
Orni thology  43(1) :  123-129.

682. Espinoza, M.,  Heupel ,  M.R.,  Tobin,  A.J.  and 
Simpfendorfer,  C.A. 2016, Ev idence of  part ia l  migrat ion 
in a large coasta l  predator:  Opportunist ic foraging and 
reproduct ion as key dr ivers? PLoS ONE  11(2) :  1-22.

683. Sheaves,  M.,  Brookes,  J. ,  Coles,  R. ,  Freckel ton,  M., 
Groves,  P. ,  Johnston, R. and Winberg,  P.  2014, Repair 
and rev i ta l isat ion of  Austra l ia ’s t ropica l  estuar ies and 
coasta l  wet lands: Opportuni t ies and constra ints for  the 
re instatement of  lost  funct ion and product iv i ty,  Marine 
Pol icy  47:  23-38.

684. Sheaves,  M.,  Brookes,  J. ,  Coles,  R. ,  Freckel ton,  M., 
Groves,  P. ,  Johnston, R. and Winberg,  P.  2014, Repair 
and rev i ta l isat ion of  Austra l ia ’s t ropica l  estuar ies and 
coasta l  wet lands: opportuni t ies and constra ints for  the 
re instatement of  lost  funct ion and product iv i ty,  Marine 
Pol icy  47:  23-38.



316 REFERENCES

685. Harr is ,  J. ,  K ingsford,  R.T. ,  Pei rson, W. and 
Baumgartner,  L.  2017, Mit igat ing the effects of  barr iers 
to f reshwater f ish migrat ions:  the Austra l ian exper ience, 
Marine and Freshwater Research  68(4) :  614-628.

686. Meynecke, J.O.,  Lee,  S.Y.  and Duke, N.C. 2008, 
L ink ing spat ia l  metr ics and f ish catch reveals the 
importance of  coasta l  wet land connect iv i ty  in inshore 
f isher ies in Queensland, Austra l ia ,  Biologica l  Conservat ion 
141(4) :  981-996.

687. Chin,  A. ,  Heupel ,  M.R.,  S impfendorfer,  C.A. 
and Tobin,  A.J.  2013, Ontogenet ic movements of 
juveni le b lackt ip reef  sharks:  ev idence of  d ispersal  and 
connect iv i ty  between coasta l  habi tats and cora l  reefs, 
Aquat ic Conservat ion Marine and Freshwater Ecosystems 
23(3) :  468-474.

688. Grech, A. ,  Wolter,  J. ,  Coles,  R. ,  McKenzie,  L. , 
Rasheed, M.,  Thomas, C.,  Waycott ,  M. and Hanert , 
E.  2016, Spat ia l  patterns of  seagrass d ispersal  and 
sett lement,  Divers i ty  and Distr ibut ions  22(11) :  1150-1162.

689. Matz,  M.V.,  Treml,  E.A. ,  Aglyamova, G.V. and 
Bay,  L.K. 2018, Potent ia l  and l imi ts for  rapid genet ic 
adaptat ion to warming in a Great Barr ier  Reef  cora l ,  PLoS 
Genet ics  14(4) :  e1007220.

690. Mol inos,  J.G.,  Halpern,  B.S.,  Schoeman, D.S., 
Brown, C.J. ,  K iess l ing,  W.,  Moore,  P.J. ,  Pandol f i ,  J .M., 
Poloczanska, E.S.,  Richardson, A.J.  and Burrows, M.T. 
2016, Cl imate ve loc i ty  and the future g lobal  redistr ibut ion 
of  mar ine b iodivers i ty,  Nature Cl imate Change  6:  83-88.

691. Verges,  A. ,  Ste inberg,  P.D.,  Hay,  M.E.,  Poore,  A.G., 
Campbel l ,  A.H.,  Bal lesteros,  E. ,  Heck,K.L. ,Jr  Booth,D.J. , 
Coleman, M.A.,  Feary,  D.A.,  F iguei ra,  W.,  Langlo is,  T. , 
Marz ine l l i ,  E.M.,  Mizerek,  T. ,  Mumby, P.J. ,  Nakamura,  Y. , 
Roughan, M.,  van Sebi l le ,  E. ,  Gupta,  A.S.,  Smale,  D.A., 
Tomas, F. ,  Wernberg,  T.  and Wi lson, S.K. 2014, The 
t ropica l izat ion of  temperate mar ine ecosystems: c l imate-
mediated changes in herbivory and community phase 
shi f ts,  Proceedings of  the Royal  Society of  London Ser ies 
B: Bio logica l  Sciences  281(1789):  20140846.

692. Pearce,  A.  and Hutchins,  J.  2009, Oceanic 
processes and the recru i tment of  t ropica l  f ish at  Rottnest 
Is land (Western Austra l ia ) ,  Journal  of  the Royal  Society of 
Western Austra l ia  92:  179.

693. Gerber,  L.R.,  Mancha-Cisneros,  M.D.M.,  O’Connor, 
M. I .  and Sel ig,  E.R. 2014, Cl imate change impacts on 
connect iv i ty  in the ocean: Impl icat ions for  conservat ion, 
Ecosphere  5 (3) :  1-18.

694. Munday, P.L. ,  Le is,  J. ,  Lough, J.M.,  Par is ,  C., 
K ingsford,  M.J. ,  Berumen, M. and Lambrechts,  J.  2009, 
Cl imate change and cora l  reef  connect iv i ty,  Coral  Reefs 
28(2) :  379-395.

695. Verges,  A. ,  Doropoulos,  C.,  Malcolm, H.A.,  Skye, 
M.,  Garc ia-Piza,  M.,  Marz ine l l i ,  E.M.,  Campbel l ,  A.H., 
Bal lesteros,  E. ,  Hoey,  A.S.,  V i la-Concejo,  A. ,  Bozec, 
Y.M. and Ste inberg,  P.D. 2016, Long-term empir ica l 
ev idence of  ocean warming leading to t ropica l izat ion of 
f ish communit ies,  increased herbivory,  and loss of  ke lp, 
Proceedings of  the Nat ional  Academy of  Sciences of  the 
Uni ted States of  Amer ica  113(48) :  13791-13796.

696. Zarco-Pere l lo,  S. ,  Wernberg,  T. ,  Langlo is,  T.J. 
and Vanderk l i f t ,  M.A. 2017, Tropica l izat ion strengthens 
consumer pressure on habi tat- forming seaweeds, 
Scient i f ic  Reports  7 (1) :  820.

697. Wernberg,  T. ,  Smale,  D.A.,  Verges,  A. ,  Campbel l , 
A.H.,  Russel l ,  B.D.,  Coleman, M.A.,  L ing,  S.D.,  Ste inberg, 
P.D.,  Johnson, C.R.,  Kendr ick,  G.A. and Connel l ,  S.D. 
2012, Macroalgae and temperate rocky reefs,  in A Mar ine 
Cl imate Change Impacts and Adaptat ion Report  Card for 
Austra l ia  2012 ,  eds E.S. Poloczanska, A.J.  Hobday and 
A.J.  Richardson, CSIRO, Canberra.

698. Burge, C.A.,  Eakin,  C.M.,  Fr iedman, C.S.,  Froel ich, 
B. ,  Hershberger,  P.K.,  Hofmann, E.E. ,  Petes,  L.E. ,  Prager, 
K.C.,  Wei l ,  E.  and Wi l l is ,  B.L.  2014, Cl imate change 
inf luences on mar ine infect ious d iseases:  impl icat ions 
for  management and society,  Annual  Review of  Mar ine 
Science  6:  249-277.

699. Saunders,  M. I . ,  Bode, M.,  Atk inson, S. ,  K le in,  C.J. , 
Metaxas,  A. ,  Beher,  J. ,  Beger,  M.,  Mi l ls ,  M.,  Giakoumi, 
S. ,  Tul loch, V.  and Possingham, H.P. 2017, Simple ru les 
can guide whether land- or  ocean-based conservat ion 
wi l l  best  benef i t  mar ine ecosystems, PLoS Bio logy  15(9) : 
e2001886.

700. Vei tch,  V.  and Sawynok, B. 2005, Freshwater 
Wet lands and F ish:  Importance of  Freshwater Wet lands 
to Mar ine F isher ies Resources in the Great Barr ier  Reef , 
Great Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

701. Neldner,  V.J. ,  La id law, M.J. ,  McDonald,  K.R., 
Math ieson, M.T. ,  Melzer,  R. I . ,  Seaton, R.,  McDonald, 
W.J.F. ,  Hobson, R. and L impus, C.J.  2017, Scient i f ic 
Review of  the Impacts of  Land Clear ing on Threatened 
Species in Queensland ,  Queensland Government, 
Br isbane.

702. Neldner,  V.J. ,  Niehus,  R.E. ,  W i lson, B.A.,  McDonald, 
W.J.F. ,  Ford,  A.J.  and Accad, A.  2017, The vegetat ion of 
Queensland: Descr ipt ions of  broad vegetat ion groups. 
Vers ion 3.0 ,  Queensland Herbar ium, Department of 
Science, Informat ion Technology and Innovat ion,  Br isbane.

703. Department of  Science, Informat ion Technology 
and Innovat ion 2017, Land Cover Change in Queensland 
2015-16: a Statewide Landcover and Trees Study (SLATS) 
Report ,  State of  Queensland, Br isbane.

704. Department of  Env i ronment and Science 2018, Land 
Cover Change in Queensland 2016-17 and 2017-18: a 
Statewide Landcover and Trees Study (SLATS) Summary 
Report ,  State of  Queensland, Br isbane.

705. J.  A.  Kel ley and T.  S.  Ryan. 2018, Data:  Area 
stat ist ics of  remnant Coasta l  Ecosystems, by Natura l 
Resource Management region,  Protected Area status,  and 
Great Barr ier  Reef  basin  [Dataset ]  Queensland Herbar ium.

706. Queensland Audi t  Off ice 2015, Managing water 
qual i ty  in Great Barr ier  Reef  catchments.  Report  20: 
2014-15 ,  Queensland Audi t  Off ice,  Br isbane.

707. Kroon, F.J. ,  Thorburn,  P. ,  Schaffe lke,  B.  and Whit ten, 
S.  2016, Towards protect ing the Great Barr ier  Reef  f rom 
land-based pol lut ion,  Global  Change Bio logy  22:  1985-
2002.

708. Department of  Natura l  Resources and Mines v Harr is 
(Mag00080106/16(5) ) ,  2019, Unreported, Magistrates 
Court ,  Queensland.

709. Adam, P. 2009, Austra l ian sa l tmarshes in g lobal 
context ,  in Austra l ian Sal tmarsh Ecology ,  ed.  N. Saint i lan, 
CSIRO Publ ish ing,  Col l ingwood, pp. 1-22.

710. Goudkamp, K. and Chin,  A.  2006, Mangroves and 
sa l tmarshes,  in The State of  the Great Barr ier  Reef ,  ed.  A. 
Chin,  Great Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

711. Saint i lan,  N. and Rogers,  K.  2013, The s igni f icance 
and vulnerabi l i ty  of  Austra l ian sa l tmarshes:  impl icat ions 
for  management in a changing c l imate,  Marine and 
Freshwater Research  64(1) :  66-79.

712. Chal len,  S.  and Long, P.  2004, Fisher ies Guidel ines 
for  Managing Ponded Pastures:  F ish Habi tat  Guidel ine 
FHG 005 ,  Department of  Pr imary Industr ies,  Queensland.

713. Department of  Natura l  Resources and Mines 2001, 
Pol icy for  Development and Use of  Ponded Pastures , 
Department of  Natura l  Resources and Mines,  Br isbane.

714. Moore,  M. 2015, Mackay Whitsunday f ish barr ier 
pr ior i t isat ion ,  Catchment Solut ions Pty Ltd,  Mackay, 
Queensland.

715. Reef  Water Qual i ty  Protect ion Plan Secretar iat  2017, 
Ground Cover Resul ts:  Great Barr ier  Reef  Report  Card 
2016 ,  Queensland Government,  Br isbane.

716. Department of  Env i ronment and Her i tage Protect ion 
2018, What are wet lands ,  Queensland Government, 
ht tps://wet landinfo.ehp.qld.gov.au/wet lands/what-are-
wet lands/.

717. Hyland, S.J.  2002, An invest igat ion of  the impacts 
of  ponded pastures on barramundi  and other f in f ish 
populat ions in t ropica l  coasta l  wet lands: F ina l  pro ject 
report  QO02005 ,  F isher ies Queensland, Br isbane.

718. Senior,  B. ,  Richardson, P. ,  Borschmann, G. and 
VanderGragt,  M. 2015, A landscape hazard assessment 
for  wet lands in the Great Barr ier  Reef  catchment , 
Department of  Science, Informat ion Technology, 
Innovat ion and the Arts,  Br isbane.

719. Department of  Env i ronment and Her i tage Protect ion 
2016, Wetlands in the Great Barr ier  Reef  Catchments 
Management Strategy 2016-21 ,  Queensland Government, 
Br isbane.

720. Department of  the Premier and Cabinet and Reef 
Water Qual i ty  Protect ion Plan Secretar iat  2013, Reef 
Water Qual i ty  Protect ion Plan 2013 ,  Reef  Water Qual i ty 
Protect ion Plan Secretar iat ,  Br isbane.

721. Austra l ian and Queensland Government 2017, 
Wetland Condit ions Resul ts:  Great Barr ier  Reef  Report 
Card 2016 ,  Austra l ian and Queensland Government, 
Br isbane.



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 317

722. Department of  the Envi ronment and Energy 2019, 
Nat ional  Recovery Plan for  the L i t tora l  Rainforest  and 
Coasta l  V ine Thickets of  Eastern Austra l ia  Ecologica l 
Community ,  Commonwealth of  Austra l ia ,  Canberra.

723. Laffer ty,  K.D. and Hol t ,  R.D. 2003, How should 
env i ronmenta l  st ress affect  the populat ion dynamics of 
d isease? Ecology Letters  6 (654-664).

724. Bruno, J.F. ,  Sel ig,  E.R.,  Casey,  K.S.,  Page, C.A., 
W i l l is ,  B. ,  Harve l l ,  C.D.,  Sweatman, H. and Melendy,  A.M. 
2007, Thermal  st ress and cora l  cover as dr ivers of  cora l 
d isease outbreaks,  PLoS Bio logy  5 (6) :  e124.

725. Clark,  G.F.  and Johnston, E.L.  2017, Austra l ia  State 
of  the Envi ronment 2016: Coasts:  independent report 
to the Austra l ian Government Min ister  for  Env i ronment 
and Energy ,  Department of  the Envi ronment and Energy, 
Canberra.

726. Krkošek, M. 2010, Host densi ty thresholds and 
disease contro l  for  f isher ies and aquacul ture,  Aquacul ture 
Envi ronment Interact ions  1 (1) :  21-32.

727. Mi l ler,  I .R.  and Dolman, A.  2009, Relat ive ro le of 
d isease and predators as dr ivers of  decl ine in cora l  cover 
on the Great Barr ier  Reef ,  in Proceedings of  the 11th 
Internat ional  Cora l  Reef  Symposium ,  eds.  Anonymous, 
Nat ional  Cora l  Reef  Inst i tute,  Nova Southeastern 
Univers i ty,  pp. 216-220.

728. Hobbs, J.A. ,  Fr isch,  A.J. ,  Newman, S.J.  and 
Wakef ie ld,  C.B. 2015, Select ive impact of  d isease on 
cora l  communit ies:  outbreak of  whi te syndrome causes 
s igni f icant tota l  morta l i ty  of  Acropora  p late cora ls,  PLoS 
ONE  10(7) :  e0132528.

729. Precht,  W.F. ,  Gintert ,  B.E. ,  Robbart ,  M.L. ,  Fura,  R. 
and van Woesik,  R.  2016, Unprecedented disease-re lated 
cora l  morta l i ty  in Southeastern F lor ida,  Scient i f ic  Reports 
6:  31374.

730. Harve l l ,  C.D.,  K im, K.,  Burkholder,  J.M.,  Colwel l , 
R.R.,  Epste in,  P.R.,  Gr imes, D.J. ,  Hofmann, E.E. ,  L ipp, 
E.K.,  Osterhaus,  A.D.M.E.,  Overstreet ,  R.M.,  Porter,  J.W., 
Smith,  G.W. and Vasta,  G.R. 1999, Emerging mar ine 
d iseases:  Cl imate l inks and anthropogenic factors, 
Science  285: 1505-1510.

731. Ward, J.R. and Laffer ty,  K.D. 2004, The e lus ive 
basel ine of  mar ine d isease: are d iseases in ocean 
ecosystems increasing? PLoS Bio logy  2 (4) :  e120.

732. Jones,  K. ,  Ar ie l ,  E. ,  Burgess,  G. and Read, M. 2016, 
A rev iew of  f ibropapi l lomatosis in green turt les (Chelonia 
mydas) ,  The Veter inary Journal  212: 48-57.

733. Dennis,  M.M.,  Diggles,  B.K.,  Faulder,  R. ,  Olyott , 
L. ,  Pyecroft ,  S.B.,  Gi lbert ,  G.E.  and Landos, M. 2016, 
Pathology of  f in f ish and mud crabs Scyl la serrata  dur ing 
a morta l i ty  event associated with a harbour development 
pro ject  in Port  Curt is ,  Austra l ia ,  Diseases of  Aquat ic 
Organisms  121: 173-188.

734. Page, C. and Wi l l is ,  B.L.  2006, Distr ibut ion,  host 
range, and large scale spat ia l  var iabi l i ty  in b lack band 
disease prevalence on the Great Barr ier  Reef ,  Austra l ia , 
Diseases of  Aquat ic Organisms  69:  41-51.

735. Great Barr ier  Reef  Mar ine Park Author i ty  (n.d. ) ,  ‘Eye 
on the Reef ’ ,  [Unpubl ished dataset ] .

736. Brodnicke,  O.B.,  Bourne, D.G.,  Heron, S.F. ,  Pears, 
R.J. ,  Ste l la ,  J.S. ,  Smith,  H.A. and Wi l l is ,  B.L.  2019, 
Unravel l ing the l inks between heat stress,  b leaching 
and disease: fate of  tabular  cora ls fo l lowing a combined 
disease and bleaching event,  Coral  Reefs :  ht tps://doi .
org/10.1007/s00338-019-01813-9.

737. Paley,  A.S.,  Abrego, D.,  Haapkylä,  J.  and Wi l l is , 
B.L.  2013, Coral  Disease Outbreak Monitor ing Program: 
Impl icat ions for  Management ,  Great Barr ier  Reef  Mar ine 
Park Author i ty,  Townsvi l le .

738. Heron, S.F. ,  W i l l is ,  B.L. ,  Ski rv ing,  W.J. ,  Eakin,  C.M., 
Page, C.A. and Mi l ler,  I .R.  2010, Summer hot snaps and 
winter  condi t ions:  model l ing whi te syndrome outbreaks on 
Great Barr ier  Reef  cora ls,  PLoS ONE  5 (8) :  e12210.

739. van Woesik,  R.  and Randal l ,  C.J.  2017, Cora l  d isease 
hotspots in the Car ibbean, Ecosphere  8 (5) :  e01814.

740. Maynard,  J. ,  van Hooidonk, R.,  Eakin,  C.M., 
Puot inen, M.,  Garren,  M.,  W i l l iams, G.,  Heron, S.F. ,  Lamb, 
J. ,  Wei l ,  E. ,  W i l l is ,  B.  and Harve l l ,  C.D. 2015, Pro ject ions 
of  c l imate condi t ion that  increase cora l  d isease 
suscept ib i l i ty  and pathogen abundance and v i ru lence, 
Nature Cl imate Change  5:  688-695.

741. Nicolet ,  K.J. ,  Hoogenboom, M.O.,  Gardiner,  N.M., 
Pratchett ,  M.S. and Wi l l is ,  B.L.  2013, The cora l l ivorous 
invertebrate Drupel la  a ids in t ransmiss ion of  brown band 

disease on the Great Barr ier  Reef ,  Coral  Reefs  32(2) :  585-
595.

742. Nicolet ,  K.J. ,  Chong-Seng, K.M.,  Pratchett ,  M.S., 
W i l l is ,  B.L.  and Hoogenboom, M.O. 2018, Predat ion scars 
may inf luence host suscept ib i l i ty  to pathogens: evaluat ing 
the ro le of  cora l l ivores as vectors of  cora l  d isease, 
Scient i f ic  Reports  8 (1) :  5258.

743. Katz,  S.M.,  Pol lock,  F.J. ,  Bourne,  D.G. and Wi l l is , 
B.L.  2014, Crown-of-thorns star f ish predat ion and 
physica l  in jur ies promote brown band disease on cora ls, 
Coral  Reefs  33(3) :  705-716.

744. Casey,  J.M.,  A insworth,  T.D.,  Choat,  J.H. and 
Connol ly,  S.R. 2014, Farming behaviour of  reef  f ishes 
increases the prevalence of  cora l  d isease associated 
microbes and black band disease, Proceedings of  the 
Royal  Society B: Bio logica l  Sciences  281: 20141032.

745. Pol lock,  F.J. ,  Lamb, J.B.,  F ie ld,  S.N.,  Heron, S.F. , 
Schaffe lke,  B. ,  Shedrawi,  G.,  Bourne, D.G. and Wi l l is ,  B.L. 
2014, Sediment and turb id i ty  associated with offshore 
dredging increase cora l  d isease prevalence on nearby 
reefs,  PLoS ONE  9 (7) :  e102498.

746. Cumming, R. 2009, Case study:  impact of  Drupel la 
spp. on reef-bui ld ing cora ls of  the Great Barr ier  Reef , 
Great Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

747. Moyer,  J.T. ,  Emerson, W.K. and Ross,  M. 1982, 
Massive destruct ion of  sc leract in ian cora ls by the mur ic id 
gastropod, Drupel la  in  Japan and the Phi l ippines,  Naut i lus 
96(2) :  69-82.

748. Haszprunar,  G.,  Volger,  C. and Worheide,  G. 
2017, Pers istent gaps of  knowledge for  naming and 
dist inguish ing mult ip le species of  crown-of-thorns-seastar 
in the Acanthaster  p lanci  species complex,  Divers i ty  9(2) : 
22.

749. Moran, P.J.  1986, The Acanthaster  phenomenon, 
Oceanography and Mar ine Bio logy:  An Annual  Review  24: 
379-480.

750. Moran, P.J.  and De’ath,  G. 1992, Est imates of  the 
abundance of  the crown-of-thorns star f ish Acanthaster 
p lanci  in  outbreaking and non-outbreaking populat ions on 
reefs wi th in the Great Barr ier  Reef ,  Marine Bio logy  113: 
509-515.

751. Great Barr ier  Reef  Mar ine Park Author i ty  2014, 
Crown-of-thorns star f ish contro l  guidel ines ,  Great Barr ier 
Reef  Mar ine Park Author i ty,  Townsvi l le .

752. Pratchett ,  M.S.,  Cabal les,  C.F. ,  Rivera-Posada, J.A. 
and Sweatman, H.P.A. 2014, L imits to understanding 
and managing outbreaks of  crown-of-thorns star f ish 
(Acanthaster  spp. ) ,  Oceanography and Mar ine Bio logy:  An 
Annual  Review  52:  133-200.

753. Zann, L. ,  Brodie,  J. ,  Berryman, C. and Nakasima, 
M. 1987, Recru i tment,  ecology,  growth and behaviour 
of  juveni le Acanthaster  p lanci  (L. )  (Echinodermata: 
Astero idea) ,  Bul let in of  Mar ine Science  41(2) :  561-575.

754. Vanhata lo,  J. ,  Hosack, G.R. and Sweatman, H. 2017, 
Spat iotemporal  model l ing of  crown-of-thorns star f ish 
outbreaks on the Great Barr ier  Reef  to in form contro l 
st rategies,  Journal  of  Appl ied Ecology  54(1) :  188-197.

755. De’ath,  G.,  Fabr ic ius,  K.E. ,  Sweatman, H. and 
Puot inen, M. 2012, The 27-year decl ine of  cora l  cover 
on the Great Barr ier  Reef  and i ts  causes,  Proceedings of 
the Nat ional  Academy of  Sciences of  the Uni ted States of 
Amer ica  109(44) :  17995-17999.

756. Mel l in ,  C.,  MacNei l ,  M.A.,  Cheal ,  A.J. ,  Emsl ie,  M.J. 
and Caley,  M.J.  2016, Mar ine protected areas increase 
res i l ience among cora l  reef  communit ies,  Ecology Letters 
19(6) :  629-637.

757. Pratchett ,  M.S.,  Cabal les,  C.F. ,  W i lmes, J.C., 
Matthews, S. ,  Mel l in ,  C.,  Sweatman, H.,  Nadler,  L.E. , 
Brodie,  J. ,  Thompson, C.A.,  Hoey,  J. ,  Bos, A.R.,  Byrne, 
M.,  Messmer,  V. ,  Fortunato,  S.A.V. ,  Chen, C.C.M.,  Buck, 
A.C.E.,  Babcok, R.C. and Uth icke,  S.  2017, Thi r ty  years 
of  research on crown-of-thorns star f ish (1986–2016): 
sc ient i f ic  advances and emerging opportuni t ies,  Divers i ty 
9 (4) :  41.

758. Pratchett ,  M.S.,  Lang, B.J.  and Matthews, S.  ( in 
press) ,  Cul l ing crown-of-thorns star f ish (Acanthaster 
cf .  so lar is )  on Austra l ia ’s Great Barr ier  Reef :  rat ionale 
and effect iveness,  Austra l ian Zoologist  doi :  10.7882/
AZ.2018.021.

759. Vercel lon i ,  J. ,  Caley,  M.J.  and Mengersen, K.  2017, 
Crown-of-thorns star f ish undermine the res i l ience of  cora l 
populat ions on the Great Barr ier  Reef ,  Global  Ecology and 
Biogeography  26(7) :  846-853.



318 REFERENCES

760. Dulvy,  N.K.,  Freckleton,  R.P. and Polunin,  N.V.C. 
2004, Cora l  reef  cascades and the indi rect  effects of 
predator removal  by explo i tat ion,  Ecology Letters  7 (5) : 
410-416.

761. Fabr ic ius,  K.E. ,  Okaj i ,  K.  and De’ath,  G. 2010, Three 
l ines of  ev idence to l ink outbreaks of  the crown-of-thorns 
seastar  Acanthaster  p lanci  to the re lease of  larva l  food 
l imi tat ion,  Cora l  Reefs 29: 593-605.

762. Sweatman, H. 2008, No-take reserves protect cora l 
reefs f rom predatory star f ish,  Current Bio logy  18(14) : 
R598-R599.

763. Endean, R. 1969, Report  on Invest igat ions Made 
into Aspects of  the Current Acanthaster  p lanci  (Crown-
of-thorns)  In festat ions of  Certa in Reefs of  the Great 
Barr ier  Reef ,  F isher ies Branch, Queensland Department of 
Pr imary Industr ies,  Br isbane.

764. Cowan, Z.L. ,  Pratchett ,  M.,  Messmer,  V.  and L ing, 
S.  2017, Known predators of  crown-of-thorns star f ish 
(Acanthaster  spp. )  and the i r  ro le in mit igat ing,  i f  not 
prevent ing,  populat ion outbreaks,  Divers i ty  9 (1) :  7.

765. Heatwole,  H. and Walker,  T.A.  1989, Dispersal  of 
a l ien p lants to cora l  cays,  Ecology  70(3) :  787-790.

766. Reynolds,  C.,  Miranda, N.A.F.  and Cumming, G.S. 
2015, The ro le of  waterbi rds in the d ispersal  of  aquat ic 
a l ien and invas ive species,  Divers i ty  and Distr ibut ions 
21(7) :  744-754.

767. Department of  Agr icu l ture and F isher ies 2018, Marine 
Pests ,  Queensland Government,  ht tps://www.daf.q ld.gov.
au/business-pr ior i t ies/b iosecur i ty/ invas ive-plants-animals/
pest-r isk-assessments/mar ine-pests.

768. Olds,  J.  2016, Scale insect and invas ive ant 
management in the Capr icorn ia Cays and associated 
Pisonia grandis  forest  restorat ion,  in Opt ions.  Obstacles. 
Outcomes. Proceedings of  the Queensland Pest Animal 
Symposium 2016 ,  eds.  Anonymous, Queensland Parks 
and Wi ld l i fe  Serv ices,  Townsvi l le ,  pp. 44-48.

769. Walsh,  J.J. ,  Lenes,  J.M.,  Weisberg,  R.H.,  Zheng, 
L. ,  Hu, C.,  Fanning, K.A.,  Snyder,  R.  and Smith,  J.  2017, 
More surpr ises in the g lobal  greenhouse: Human heal th 
impacts f rom recent tox ic mar ine aerosol  format ions,  due 
to centennia l  a l terat ions of  wor ld-wide coasta l  food webs, 
Marine Pol lut ion Bul let in  116(1) :  9-40.

770. Furnas,  M.J.  1992, Pelagic Tr ichodesmium 
(=Osci l lator ia )  in  the Great Barr ier  Reef  region,  in 
Marine Pelagic Cyanobacter ia:  Tr ichodesmium and other 
Diazothrophs ,  eds E.J.  Carpenter,  D.G. Capone and J.G. 
Rueter,  K luwer Academic Publ ishers,  Nether lands, pp. 
265-272.

771. Bel l ,  P.R.F. ,  E lmetr i ,  I .  and Uwins,  P.  1999, Ni t rogen 
f ixat ion by Tr ichodesmium  spp. in the centra l  and northern 
Great Barr ier  Reef  lagoon: re lat ive importance of  the 
f ixed-ni t rogen load, Marine Ecology Progress Ser ies  186: 
119-126.

772. Devl in,  M.,  Debose, J.  and Brodie,  J.  2012, Review 
of  Phytoplankton in the Great Barr ier  Reef  and Potent ia l 
L inks to Crown of  Thorns ,  TropWater,  Townsvi l le .

773. Robson, B.J. ,  Davies,  C.,  Richardson, A.J. , 
Blondeau-Patt is ier,  D. ,  Skerrat t ,  J.  and Er iksen, R. 
2018, Tr ichodesmium t imeser ies f rom the Yongala:  IMOS 
Nat ional  Reference Stat ion ,  Integrated Mar ine Observ ing 
System, Tasmania.

774. McClanahan, T.R. 1994, Cora l  eat ing snai l  Drupel la 
cornus populat ion increases in Kenyan cora l  reef  lagoons, 
Marine Ecology Progress Ser ies  115(1-2) :  131-137.

775. Turner,  S.J.  1994, The bio logy and populat ion 
outbreaks of  the cora l l ivorous gastropod Drupel la  on 
Indo-Paci f ic  Reefs,  Oceanography and Mar ine Bio logy:  An 
Annual  Review  32:  461-530.

776. Bruckner,  A. ,  Coward, G.,  Bimson, K.  and 
Rattanawongwan, T.  2017, Predat ion by feeding 
aggregat ions of  Drupel la  spp. inh ib i ts the recovery of 
reefs damaged by a mass b leaching event,  Coral  Reefs 
36(4) :  1181-1187.

777. Great Barr ier  Reef  Mar ine Park Author i ty  2018, Eye 
on the Reef  Program ,  Great Barr ier  Reef  Mar ine Park 
Author i ty,  ht tp://www.gbrmpa.gov.au/managing-the-reef/
how-the-reefs-managed/eye-on-the-reef .

778. Gershwin,  L.A. ,  Condie,  S.A.,  Mansbr idge, J.V.  and 
Richardson, A.J.  2014, Dangerous je l ly f ish b looms are 
predictable,  Journal  of  the Royal  Society Inter face  11(96) : 
20131168.

779. Cabel lo,  F.C. and Godfrey,  H.P. 2016, Harmful  a lga l 
b looms (HABs),  mar ine ecosystems and human heal th in 
the Chi lean Patagonia,  Revista Chi lena de Infecto logia 
33(5) :  561-562.

780. Commonwealth of  Austra l ia  2015, Austra l ian Her i tage 
Strategy ,  Commonwealth of  Austra l ia ,  Canberra.

781. Intergovernmenta l  Committee for  the Protect ion of 
the Wor ld Cul tura l  and Natura l  Her i tage 2017, Operat ional 
Guidel ines for  the Implementat ion of  the Wor ld Her i tage 
Convent ion,  WHC.17/01 ,  UNESCO Wor ld Her i tage Centre, 
Par is .

782. Context  Pty Ltd 2013, Def in ing the Aesthet ic Values 
of  the Great Barr ier  Reef ,  Department of  Susta inabi l i ty, 
Env i ronment,  Water,  Populat ion and Communit ies, 
Canberra.

783. Marshal l ,  N. ,  Marshal l ,  P. ,  Curnock, M.,  Pert ,  P. , 
Smith,  A.  and V isperas,  B.  2019, Ident i fy ing indicators of 
aesthet ics in the Great Barr ier  Reef  for  the purposes of 
management,  PLoS ONE  14(2) :  e0210196.

784. Farr,  M.,  Stoeckl ,  N.,  Esparon, M.,  Larson, S.  and 
Jarv is,  D.  2016, The importance of  water c lar i ty  to tour ists 
in the Great Barr ier  Reef  and the i r  wi l l ingness to pay to 
improve i t ,  Tour ism Economics  22(2) :  331-352.

785. Marshal l ,  N.A.,  Curnock, M.,  Pert ,  P.L.  and Wi l l iams, 
G. 2019 ‘The Socia l  and Economic Long Term Monitor ing 
Program for  the Great Barr ier  Reef  2017: 2017 F ina l 
Report  to the Great Barr ier  Reef  Mar ine Park Author i ty. ’ , 
CSIRO Land and Water,  Townsvi l le .

786. Davies,  P.J.  and McKenzie,  J.A.  1993, Contro ls 
on the Pl io-Ple istocene evolut ion of  the north-eastern 
Austra l ian cont inenta l  margin,  in Proceedings of  the 
Ocean Dr i l l ing Program, Scient i f ic  Resul ts,  Northeast 
Austra l ian Margin;  Cover ing Leg 133 of  the Cruises of  the 
Dr i l l ing Vessel  JOIDES Resolut ion,  Apra Harbor,  Guam, to 
Townsvi l le ,  Austra l ia ,  s i tes 811-826, 4 August-11 October 
1990 ,  eds S.K. Stewart  and J.A.  Mar in,  Col lege Stat ion, 
Texas,  pp. 755-762.

787. Webster,  J.M. and Davies,  P.J.  2003, Cora l  var iat ion 
in two deep dr i l l  cores:  s ign i f icance for  the Ple istocene 
development of  the Great Barr ier  Reef ,  Sedimentary 
Geology  159(1-2) :  61-80.

788. Humblet ,  M. and Webster,  J.M. 2017, Cora l 
community changes in the Great Barr ier  Reef  in response 
to major env i ronmenta l  changes over g lac ia l- interg lac ia l 
t imescales,  Palaeogeography,  Palaeocl imatology, 
Palaeoecology  472: 216-235.

789. Brooke, B.P.,  Nichol ,  S.L. ,  Huang, Z.  and Beaman, 
R.J.  2017, Palaeoshore l ines on the Austra l ian cont inenta l 
shel f :  Morphology,  sea- leve l  re lat ionship and appl icat ions 
to env i ronmenta l  management and archaeology, 
Cont inenta l  Shel f  Research  134: 26-38.

790. Duce, S. ,  V i la-Concejo,  A. ,  Hamylton,  S.M.,  Webster, 
J.M.,  Bruce, E.  and Beaman, R.J.  2016, A morphometr ic 
assessment and c lass i f icat ion of  cora l  reef  spur and 
groove morphology,  Geomorphology  265: 68-83.

791. Dechnik,  B. ,  Webster,  J.M.,  Webb, G.E.,  Nothdurf t , 
L.  and Zhao, J.  2017, Successive phases of  Holocene 
reef  f lat  development:  Ev idence f rom the mid- to outer 
Great Barr ier  Reef ,  Palaeogeography,  Palaeocl imatology, 
Palaeoecology  466: 221-230.

792. Hamylton,  S.M.,  Carva lho,  R.C.,  Duce, S. , 
Roel fsema, C.M. and V i la-Concejo,  A.  2016, L ink ing 
pattern to process in reef  sediment dynamics at 
Lady Musgrave Is land, southern Great Barr ier  Reef , 
Sedimentology 63(6) :  10.1111/sed.12278.

793. Hinestrosa,  G.,  Webster,  J.M. and Beaman, R.J. 
2019, Spat io-temporal  patterns in the postg lac ia l  f looding 
of  the Great Barr ier  Reef  shel f ,  Austra l ia ,  Cont inenta l  Shel f 
Research  173: 13-26.

794. Perry,  C.T.  and Smithers,  S.G. 2011, Cycles of 
cora l  reef  ‘ turn-on’,  rapid growth and ‘ turn-off ’  over the 
past 8500 years:  a context  for  understanding modern 
ecologica l  states and t ra jector ies,  Global  Change Bio logy 
17:  76-86.

795. Dechnik,  B. ,  Webster,  J.M.,  Webb, G.E.,  Nothdurf t , 
L. ,  Dutton,  A. ,  Braga, J.C.,  Zhao, J. ,  Duce, S.  and Sadler, 
J.  2017, The evolut ion of  the Great Barr ier  Reef  dur ing the 
last  interg lac ia l  per iod,  Global  and Planetary Change  149: 
53-71.

796. Webster,  J.M.,  Braga, J.C.,  Humblet ,  M.,  Potts,  D.C., 
I ryu,  Y. ,  Yokoyama, Y. ,  Fu j i ta,  K. ,  Bour i l lot ,  R. ,  Esat,  T.M. 
and Fal lon,  S.  2018, Response of  the Great Barr ier  Reef 
to sea- leve l  and env i ronmenta l  changes over the past 
30,000 years,  Nature Geoscience  11:  426-432.



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 319

797. De’ath,  G.,  Fabr ic ius,  K.  and Lough, J.  2013, Yes: 
Cora l  ca lc i f icat ion rates have decreased in the last 
twenty- f ive years!  Marine Geology  346: 400-402.

798. Hoegh-Guldberg,  O.,  Poloczanska, E.S.,  Ski rv ing,  W. 
and Dove, S.  2017, Cora l  reef  ecosystems under c l imate 
change and ocean acid i f icat ion,  Front iers in Mar ine 
Science  4:  158.

799. Pandol f i ,  J .  and Kel ley,  R.  2019, The Great Barr ier 
Reef  in t ime and space: geology and paleobio logy, 
in The Great Barr ier  Reef :  Bio logy,  Env i ronment and 
Management ,  eds P. Hutchings,  M. Kingsford and O. 
Hoegh-Guldberg,  2nd edn, CSIRO Publ ish ing,  Clayton 
South,  Austra l ia ,  pp. 25-36.

800. Shaw, E.C.,  Phinn,  S.R.,  T i lbrook, B. and Steven, 
A.  2015, Natura l  in s i tu re lat ionships suggest cora l  reef 
ca lc ium carbonate product ion wi l l  decl ine wi th ocean 
acid i f icat ion,  Limnology and Oceanography  60(3) :  777-
788.

801. Department of  the Envi ronment and Energy (n.d. ) , 
Threatened Species Under the EPBC Act ,  Commonwealth 
of  Austra l ia ,  ht tp://www.envi ronment.gov.au/biodivers i ty/
threatened/species.

802. Internat ional  Inst i tute of  Env i ronment and 
Development (n.d. ) ,  About b iocul tura l  her i tage , 
Internat ional  Inst i tute of  Env i ronment and Development, 
ht tps://b iocul tura l . i ied.org/about-biocul tura l-her i tage.

803. Great Barr ier  Reef  Mar ine Park Author i ty  2019, 
Abor ig ina l  and Torres Stra i t  Is lander Her i tage Strategy 
for  the Great Barr ier  Reef  Mar ine Park ,  Great Barr ier  Reef 
Mar ine Park Author i ty,  Townsvi l le .

804. Austra l ian Inst i tute of  Mar ine Science (n.d. ) ,  How 
the Great Barr ier  Reef  was formed: Twenty thousand 
years ago ,  Austra l ian Inst i tute of  Mar ine Science, ht tps://
www.aims.gov.au/docs/pro jectnet/how-the-gbr-twenty-
thousand.html.

805. Ulm, S.  2011, Coasta l  foragers on southern shores: 
Mar ine resource use in northeast Austra l ia  s ince the late 
Ple istocene, in Trekk ing the Shore:  Changing Coast l ines 
and the Ant iqui ty of  Coasta l  Sett lement ,  eds N. Bicho, 
J.A.  Haws and L.G. Davis,  Spr inger,  New York,  pp. 441-
461.

806. McNiven, I .J. ,  De Mar ia,  N.,  Weis ler,  M. and Lewis, 
T.  2014, Darumbal  voyaging: intensi fy ing use of  centra l 
Queensland’s Shoalwater Bay is lands over the past 5000 
years,  Archaeology in Oceania  49(1) :  2-42.

807. McNiven, I .J.  2010, Navigat ing the human-animal 
d iv ide:  mar ine mammal hunters and r i tua ls of  sensory 
a l lurement,  World Archaeology  42(2) :  215-230.

808. McNiven, I .  2004, Sal twater people:  spi r i tscapes, 
mar i t ime r i tua ls and the archaeology of  Austra l ian 
Indigenous seascapes, World Archaeology  35(3) :  329-349.

809. Rigsby,  B.  and Chase, A.  2014, The Sandbeach 
People and Dugong Hunters of  Eastern Cape York 
Peninsula:  Property in Land and Sea Country ,  Sydney 
Univers i ty  Press,  Sydney.

810. Watk in-Lui ,  F. ,  K iatkoski-Kim, M.,  Del is le,  A. , 
Stoeckl ,  N.  and Marsh,  H. 2016, Sett ing the table: 
Indigenous engagement on env i ronmenta l  issues in a 
pol i t ic ized context ,  Society & Natura l  Resources  29(11) : 
1263-1279.

811. Marsh,  H. and Hamann, M. 2016, Tradi t ional  hunt ing 
gets headl ines,  but is  not the b ig threat to turt les and 
dugongs, The Conversat ion ,  6 December 2016.

812. Rowland, M.J. ,  Wr ight,  S.  and Baker,  R.  2015, 
The t iming and use of  offshore is lands in the Great 
Barr ier  Reef  Mar ine Prov ince,  Queensland, Quaternary 
Internat ional  385: 154-165.

813. Rowland, M.J.  2007, Management of  Woppaburra 
Cul tura l  Her i tage Si tes on the Keppel  Is land Group Centra l 
Queensland Coast ,  Department of  Natura l  Resources and 
Water,  Wool loongabba, Queensland.

814. Woppaburra Tradi t ional  Owner her i tage assessment 
(Document No. 100428) ,  2017, Great Barr ier  Reef  Mar ine 
Park Author i ty,  Townsvi l le .

815. Rowland, M.J.  and Ulm, S.  2011, Indigenous 
f ish t raps and weirs of  Queensland, Queensland 
Archaeologica l  Research  14:  1-58.

816. Mcintyre-Tamwoy, S.  and Buhr ich,  A.  2012, Lost 
in the Wash: Predict ing the impact of  los ing Abor ig ina l 
coasta l  s i tes in Austra l ia ,  Internat ional  Journal  of  Cl imate 
Change: Impacts & Responses  3 (1) :  53-67.

817. Bi rd,  M. I . ,  Summons, R.E. ,  Gagan, M.K.,  Roksandic, 
Z. ,  Dowl ing,  L. ,  Head, J. ,  F i f ie ld,  L.K.,  Cresswel l ,  R.G. and 
Johnson, D.P. 1995, Terrestr ia l  vegetat ion change inferred 
f rom n-a lkane σ13C analys is in the mar ine env i ronment, 
Geochimica et  Cosmochimica  Acta 59(13) :  2853-2857.

818. Nunn, P.D. 2016, Austra l ian Abor ig ina l  t radi t ions 
about coasta l  change reconci led with postg lac ia l  sea- leve l 
h istory:  A f i rst  synthesis,  Envi ronment & History  22(3) : 
393-420.

819. Austra l ian Her i tage Commiss ion 2002, Ask F i rst : 
a Guide to Respect ing Indigenous Her i tage Places and 
Values ,  Austra l ian Her i tage Commiss ion,  Canberra.

820. W i l l iams, A.N.,  Ulm, S. ,  Sapienza,  T. ,  Lewis,  S.  and 
Turney,  C.S.M. 2018, Sea- leve l  change and demography 
dur ing the last  g lac ia l  terminat ion and ear ly  Holocene 
across the Austra l ian cont inent,  Quaternary Science 
Reviews  182: 144-154.

821. Dixon, R.M.W. 1977, A Grammar of  Yid iny, 
Cambr idge Studies in L inguist ics ,  Cambr idge Univers i ty 
Press,  Cambr idge.

822. Great Barr ier  Reef  Mar ine Park Author i ty  2013, 
Language, Totems and Stor ies ,  Great Barr ier  Reef  Mar ine 
Park Author i ty,  ht tp://www.gbrmpa.gov.au/our-partners/
t radi t ional-owners/t radi t ional-owners-of-the-great-barr ier-
reef/ language-totems-and-stor ies.

823. Rowland, M.J.  1984, A long way in a bark canoe: 
Abor ig ina l  occupat ion of  the Percy Is les,  Austra l ian 
Archaeology  18:  17-31.

824. Rowland, M.J.  1987, The distr ibut ion of  Abor ig ina l 
watercraf t  on the east coast of  Queensland: impl icat ions 
for  cu l ture contact,  Austra l ian Abor ig ina l  Studies  2:  38-45.

825. Tochi l in ,  C.,  Dick inson, W.R.,  Fe lgate,  M.W.,  Pecha, 
M.,  Sheppard, P. ,  Damon, F.H.,  Bick ler,  S.  and Gehre ls, 
G.E.  2012, Sourc ing temper sands in ancient ceramics 
with U–Pb ages of  detr i ta l  z i rcons:  a southwest Paci f ic 
test  case,  Journal  of  Archaeologica l  Science  39(7) :  2583-
2591.

826. State of  the Envi ronment Committee 2011, Austra l ia 
State of  the Envi ronment 2011: Independent Report  to 
the Austra l ian Government Min ister  for  Susta inabi l i ty, 
Env i ronment,  Water,  Populat ion and Communit ies , 
Department of  Susta inabi l i ty,  Env i ronment,  Water, 
Populat ion and Communit ies,  Canberra.

827. Great Barr ier  Reef  Mar ine Park Author i ty  2018, Great 
Barr ier  Reef  Mar ine Park Commonwealth Her i tage L isted 
Places and Propert ies Her i tage Strategy 2018-2021 ,  Great 
Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

828. Department of  the Envi ronment 2013, Austra l ia ’s 
Commonwealth Her i tage L ist ,  Austra l ian Government, 
ht tp://www.envi ronment.gov.au/topics/her i tage/her i tage-
places/commonwealth-her i tage- l is t .

829. Department of  Env i ronment and Science 2017, 
Queensland Her i tage Register ,  Queensland Government, 
ht tps://apps.des.q ld.gov.au/her i tage-register/ .

830. Jeffk ins,  D. 2018, Personal  Communicat ions, 
Austra l ian Mar ine Safety Author i ty  emai l  13/06/18 .

831. Great Barr ier  Reef  Mar ine Park Author i ty  and 
Austra l ian Mar i t ime Safety Author i ty  2013, Dent Is land 
L ightstat ion Her i tage Management Plan ,  Great Barr ier 
Reef  Mar ine Park Author i ty,  Townsvi l le .

832. Great Barr ier  Reef  Mar ine Park Author i ty  2018, Lady 
El l iot  Is land L ightstat ion Her i tage Register ,  Great Barr ier 
Reef  Mar ine Park Author i ty,  Townsvi l le .

833. Great Barr ier  Reef  Mar ine Park Author i ty  2012, Lady 
El l iot  Is land L ightstat ion Her i tage Management Plan ,  Great 
Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

834. Austra l ian Mar i t ime Safety Author i ty  2018, AMSA 
Her i tage Strategy 2018 ,  Austra l ian Mar i t ime Safety 
Author i ty,  ht tps://www.amsa.gov.au/safety-nav igat ion/
nav igat ion-systems/ l ighthouses/amsa-her i tage-
strategy-2018.

835. I l l idge,  P.  2018, Histor ic Shipwreck Foam (1893): 
Survey Report  2015 ,  Great Barr ier  Reef  Mar ine Park 
Author i ty,  Townsvi l le .

836. Department of  the Envi ronment 2013, Austra l ian 
Nat ional  Shipwreck Database ,  Department of  the 
Envi ronment,  Canberra,  ht tp://www.envi ronment.gov.au/
her i tage/shipwrecks/database.html.

837. Great Barr ier  Reef  Mar ine Park Author i ty  2015, 
‘Cul tura l  her i tage statement HMCS Mermaid ’ ,  Unpubl ished 
report .



320 REFERENCES

838. Bi rd,  M. I . ,  Beaman, R.J. ,  Condie,  S.A.,  Cooper,  A. , 
Ulm, S.  and Veth,  P.  2018, Palaeogeography and voyage 
model ing indicates ear ly  human colonizat ion of  Austra l ia 
was l ike ly  f rom T imor-Rot i ,  Quaternary Science Reviews 
191: 431-439.

839. Univers i ty  of  Queensland 1997, Respected Mar ine 
Scient ist  Dr Robert  Endean Dies After  Heart  Attack ,  ht tp://
t inyur l .com/paw8p3n.

840. Great Barr ier  Reef  Mar ine Park Act 1975  (Cwlth) .

841. Envi ronmenta l  Protect ion and Biodivers i ty 
Conservat ion Regulat ions 2000  (Cwlth) .

842. Pocock, C. 2002, Sense matters:  aesthet ic va lues of 
the Great Barr ier  Reef ,  Internat ional  Journal  of  Her i tage 
Studies  8 (4) :  365-381.

843. Goldberg,  J. ,  Marshal l ,  N. ,  Bi r t les,  A. ,  Case, P. , 
Bohensky,  E. ,  Curnock, M.,  Gooch, M.,  Parry-Husbands, 
H.,  Pert ,  P. ,  Tobin,  R. ,  V i l lan i ,  C.  and V isperas,  B.  2016, 
Cl imate change, the Great Barr ier  Reef  and the response 
of  Austra l ians,  Palgrave Communicat ions  2:  15046.

844. V isperas,  B. ,  Green, B. and Parry-Husbands, H. 
2018, ‘The Pulse September 2018. A report  to the Socia l 
and Economic Long Term Monitor ing Program’,  CSIRO.

845. Goldberg,  J. ,  Marshal l ,  N. ,  Gooch, M.,  Bi r t les,  A. , 
Bohensky,  E. ,  Curnock, M.,  Parry-Husbands, H.,  Pert , 
P. ,  Stone-Jovic ich,  S. ,  Tobin,  R.  and V i l lan i ,  C.  2014, 
The Socia l  and Economic Long Term Monitor ing Program 
(SELTMP) 2013. The Great Barr ier  Reef  Nat ional  Survey. 
Report  to the Nat ional  Env i ronmenta l  Research Program , 
Reef  and Rainforest  Centre L imited, Cairns.

846. Delo i t te Access Economics 2017, At What Pr ice? The 
Economic,  Socia l  and Icon Value of  the Great Barr ier  Reef , 
Delo i t te Access Economics,  Br isbane.

847. Curnock, M. I .  and Marshal l ,  N.A. 2019, Changes 
in the state of  Great Barr ier  Reef  tour ism f rom 2013 
to 2017: a report  f rom the Socia l  and Economic Long-
Term Monitor ing Program (SELTMP).  Report  prepared 
for  the Great Barr ier  Reef  Mar ine Park Author i ty ,  CSIRO, 
Townsvi l le .

848. Department of  Env i ronment and Science 2019, ‘SS 
Gothenburg Conservat ion Management Plan’ ,  Unpubl ished 
report ,  Queensland Government,  Br isbane.

849. Larson, S. ,  Stoeckl ,  N. ,  Farr,  M. and Esparon, M. 
2015, The ro le the Great Barr ier  Reef  p lays in res ident 
wel lbe ing and impl icat ions for  i ts  management,  Ambio 
44(3) :  166-177.

850. Marshal l ,  N. ,  Adger,  W.N.,  Benham, C.,  Brown, K., 
Curnock, M. I . ,  Gurney,  G.G.,  Marshal l ,  P. ,  Pert ,  P.L.  and 
Thiaul t ,  L.  2019, Reef  Gr ief :  invest igat ing the re lat ionship 
between place meanings and place change on the Great 
Barr ier  Reef ,  Austra l ia ,  Susta inabi l i ty  Science  14(3) :  579-
587.

851. Marshal l ,  N.A.,  Bohensky,  E. ,  Curnock, M.,  Goldberg, 
J. ,  Gooch, M.,  Nicotra,  B. ,  Pert ,  P. ,  Scher l ,  L. ,  Stone-
Jovic ich,  S.  and Tobin,  R.  2016, Advances in moni tor ing 
the human dimension of  natura l  resource systems: an 
example f rom the Great Barr ier  Reef ,  Envi ronmenta l 
Research Letters  11(11) :  114020.

852. Marshal l ,  N. ,  Barnes,  M.,  Bi r t les,  A. ,  Brown, K., 
Cinner,  J. ,  Curnock, M.,  Eakin,  H.,  Goldberg,  J. ,  Gooch, 
M.,  Ki t t inger,  J. ,  Marshal l ,  P. ,  Manuel-Navarrete,  D., 
Pel l ing,  M.,  Smit ,  B.  and Tobin,  R.  2018, Measur ing what 
matters in the Great Barr ier  Reef ,  Front iers in Ecology and 
the Envi ronment  16(5) :  271-277.

853. Haas, A.F. ,  Guibert ,  M.,  Foerschner,  A. ,  Co, T. , 
Calhoun, S. ,  George, E. ,  Hatay,  M.,  Dinsdale,  E. ,  Sandin, 
S.A.,  Smith,  J.E. ,  Vermei j ,  M.J.A. ,  Fe l ts,  B. ,  Dustan, 
P. ,  Salamon, P.  and Rohwer,  F.  2015, Can we measure 
beauty? Computat ional  eva luat ion of  cora l  reef  aesthet ics, 
PeerJ  3:  e1390.

854. UNESCO Wor ld Her i tage Convent ion World Her i tage , 
Uni ted Nat ions Educat ion,  Scient i f ic  and Cul tura l 
Organizat ion,  ht tp://whc.unesco.org/en/about/ .

855. Bowen, J.  1994, The Great Barr ier  Reef : 
towards conservat ion and management,  in Austra l ian 
Envi ronmenta l  History ,  ed.  S.  Dovers,  Oxford Univers i ty 
Press,  Melbourne,  pp. 234-256.

856. Web of  Science 2019, ‘Resul ts f rom a search across 
the Web of  Science bib l iographic database performed on 
21 February 2019’,  Unpubl ished report ,  Thomson-Reuters.

857. Curnock, M. I . ,  Marshal l ,  N.A.,  Thiaul t ,  L. ,  Heron, 
S.F. ,  Hoey,  J. ,  W i l l iams, G.,  Tay lor,  B. ,  Pert ,  P.L.  and 
Goldberg,  G. ( in  press) ,  Shi f ts in tour ists’  sent iments and 
 

c l imate r isk percept ions fo l lowing mass cora l  b leaching on 
the Great Barr ier  Reef ,  Nature Cl imate Change .

858. Delo i t te Access Economics 2013, Economic 
contr ibut ion of  the Great Barr ier  Reef ,  Great Barr ier  Reef 
Mar ine Park Author i ty,  Townsvi l le .

859. Access Economics 2008, Economic contr ibut ion of 
the GBRMP, 2006-07: prepared for  the Great Barr ier  Reef 
Mar ine Park Author i ty ,  Great Barr ier  Reef  Mar ine Park 
Author i ty,  Townsvi l le .

860. Great Barr ier  Reef  Mar ine Park Author i ty  2019, 
Envi ronmenta l  Management Charge Data ,  Great Barr ier 
Reef  Mar ine Park Author i ty,  ht tp://www.gbrmpa.gov.
au/our-work/reef-strategies/v is i tor-contr ibut ions/gbr_
v is i tat ion/numbers.

861. Pr ideaux,  B. and Pabel ,  A.  2018, Austra l ia ’s Great 
Barr ier  Reef :  Protect ion,  threats,  va lue and tour ism use, in 
Coral  Reefs:  Tour ism Conservat ion and Management ,  eds 
B. Pr ideaux and A. Pabel ,  Rout ledge, pp. 288.

862. Great Barr ier  Reef  Mar ine Park Author i ty  2004, Great 
Barr ier  Reef  Mar ine Park Zoning Plan 2003 ,  Great Barr ier 
Reef  Mar ine Park Author i ty,  Townsvi l le .

863. Queensland Government 2004, Marine Parks (Great 
Barr ier  Reef  Coast )  Zoning Plan 2004 ,  Queensland 
Government,  Br isbane.

864. Tour ism and Events Queensland 2018, Internat ional 
Tour ism Snapshot:  year ending December 2018 ,  Tour ism 
and Events Queensland.

865. Gössl ing,  S.  and Peeters,  P.  2015, Assessing 
tour ism’s g lobal  env i ronmenta l  impact 1900–2050, Journal 
of  Susta inable Tour ism  23(5) :  639-659.

866. Mar ine Safety Queensland 2017, Sewage pump-out 
fac i l i t ies in Queensland as at  June 2017 ,  Queensland 
Government,  ht tps://www.msq.qld.gov.au/-/media/
MSQInternet/MSQFi les/Home/Envi ronment/Sewage/
Sewage-pump-out- fac i l i t ies--2017.pdf? la=en.

867. Great Barr ier  Reef  Mar ine Park Author i ty  2018, 
Annual  report  2017-2018 ,  Great Barr ier  Reef  Mar ine Park 
Author i ty,  Townsvi l le .

868. Great Barr ier  Reef  Mar ine Park Author i ty  2018, ‘F ie ld 
Management Compl iance Uni t ’ ,  Unpubl ished report ,  Great 
Barr ier  Reef  Mar ine Park Author i ty.

869. URS Austra l ia  Pty Ltd 2006, Strategic env i ronmenta l 
assessment of  defence act iv i t ies in the Great Barr ier 
Reef  Wor ld Her i tage Area ,  D i rectorate of  Env i ronmenta l 
Stewardship,  Department of  Defence, Canberra.

870. PGM Envi ronment and Eco Logica l  Austra l ia  2014, 
Strategic Envi ronmenta l  Assessment of  Defence Act iv i t ies 
in the Great Barr ier  Reef  Wor ld Her i tage Area,  2014: 
Update Report ,  Department of  Defence, Canberra.

871. Headquarters,  Joint  Operat ions Command (HQJOC) 
2019, Exerc ise Tal isman Sabre 2019: Env i ronment report 
vers ion 1 Apr i l  2019 ,  Department of  Defence, Canberra.

872. Townsvi l le  Enterpr ise 2012, Townsvi l le  North 
Queensland Region:  dest inat ion tour ism strategy 2012-
2016 ,  Townsvi l le  Enterpr ise,  ht tp:// townsvi l leenterpr ise.
com.au/F i les/232480%20%20DTS%20-%20Townsvi l le%20
North%20Queensland%20FINAL.PDF.

873. Department of  Defence and Great Barr ier  Reef 
Mar ine Park Author i ty  2018, 2018-2020 Memorandum 
of Understanding between Department of  Defence and 
the Great Barr ier  Reef  Mar ine Park Author i ty  on Defence 
Act iv i t ies in the Great Barr ier  Reef  Mar ine Park Region , 
Great Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

874. Department of  Defence 2018, Factsheet:  Env i ronment 
and her i tage management across Defence t ra in ing areas , 
Department of  Defence, ht tp://www.defence.gov.au/
In i t iat ives/ASMTI/Docs/ASMTI-Envi ronmenta l-Factsheet.
pdf .

875. Department of  Defence 2017, Defence annual  report 
2016–17, Defence Publ ish ing Serv ice,  Canberra.

876. Department of  Defence 2016, Defence White Paper , 
Commonwealth of  Austra l ia ,  Canberra.

877. L impus, C.,  Hamann, M.,  Read, M.,  Bel l ,  I . ,  Bowlett , 
J. ,  Mulv i l le ,  C.,  Shimada, T. ,  Smith,  A.  and Smith,  J. 
2015, Turt le te lemetry pro ject ,  Tr iangular  Is land, eastern 
Shoalwater Bay,  June 2014 – March 2015 ,  Department of 
Env i ronment and Her i tage Protect ion,  Br isbane.

878. Fa i r fax Media 1947, Dangerous tasks for  men of  the 
Navy,  Playt ime Chi ldren’s Newspaper ,  18 June, p.  4.

879. Royal  Austra l ian Navy 2013, HMAS Bungaree ,  Royal 
Austra l ian Navy,  Canberra,  ht tp://www.navy.gov.au/hmas-
bungaree.



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 321

880. Food Standards Austra l ia  New Zealand 2017, 
Perf luor inated chemicals in food ,  Food Standards 
Austra l ia  New Zealand.

881. Heads of  EPAs Austra l ia  and New Zealand 2019, 
PFAS Nat ional  Env i ronmenta l  Management Plan 
(Consul tat ion Draf t  vers ion 2.0) ,  Heads of  EPAs Austra l ia 
and New Zealand.

882. WSP 2018, RAAF Base Townsvi l le  Deta i led Si te 
Invest igat ion:  PFAS Volume 1:  Main Report ,  Department of 
Defence, Canberra.

883. Department of  Agr icu l ture and F isher ies 2015, 
Statewide recreat ional  f ish ing survey 2013-14 ,  State of 
Queensland, Br isbane.

884. Department of  Agr icu l ture and F isher ies 2017, 
Monitor ing Queensland’s boat-based recreat ional  f ish ing: 
Basel ine report  for  F isher ies Queensland’s recreat ional 
boat ramp survey program ,  State of  Queensland, 
Br isbane.

885. Department of  Agr icu l ture and F isher ies 2019, 
Queensland f ish ing (QFish) ,  State of  Queensland, ht tp://
qf ish. f isher ies.q ld.gov.au/.

886. Department of  Agr icu l ture and F isher ies 2017, 
Charter  f ish ing act ion p lan 2017-2020: Discussion paper , 
State of  Queensland, Br isbane.

887. F isher ies Queensland 2018, Fisher ies data va l idat ion 
p lan:  Improvement in the accuracy and t imel iness of 
commercia l  catch and ef fort  in format ion ,  Queensland 
Government,  Br isbane.

888. Department of  Agr icu l ture and F isher ies 2016, 
Outcomes of  the F isher ies 2016 QRAA Assistance Scheme 
(associated with the introduct ion of  net- f ree zones second 
round):  F isher ies Queensland ,  State of  Queensland, 
Br isbane.

889. Department of  Agr icu l ture and F isher ies 2016, 
Outcomes of  the F isher ies 2015 QRAA Assistance Scheme 
(associated with the introduct ion of  net- f ree zones) : 
February 2016 ,  State of  Queensland, Br isbane.

890. Department of  Agr icu l ture and F isher ies 2015, 
Fisher ies Queensland: east  coast net  buy-back program , 
State of  Queensland, Br isbane.

891. Department of  Agr icu l ture and F isher ies 2017, 
Susta inable F isher ies Strategy 2017-2027: Discussion 
paper:  reform of  the east coast inshore f ishery ,  State of 
Queensland, Br isbane.

892. Department of  Agr icu l ture and F isher ies 2017, 
Queensland Susta inable F isher ies Strategy 2017-2027 , 
State of  Queensland, Br isbane.

893. Grech, A.  and Coles,  R.  2011, Interact ions between 
a t rawl  f ishery and spat ia l  c losures for  b iodivers i ty 
conservat ion in the Great Barr ier  Reef  Wor ld Her i tage 
Area,  Austra l ia ,  PLoS ONE  6 (6) :  e21094.

894. Pi tcher,  C.R.,  Rochester,  W.,  Dunning, M.,  Courtney, 
T. ,  Broadhurst ,  M.,  Noel l ,  C. ,  Tanner,  J. ,  Kangas, M., 
Newman, S. ,  Semmens, J. ,  R igby,  C.,  Saunders,  T. , 
Mart in,  J.  and Lussier,  W. 2018, Putt ing Potent ia l 
Env i ronmenta l  R isk of  Austra l ia ’s Trawl F isher ies in 
Landscape Perspect ive:  Exposure of  Seabed Assemblages 
to Trawl ing,  and Inc lus ion in Closures and Reserves , 
CSIRO Oceans & Atmosphere,  Br isbane, Queensland.

895. Department of  Agr icu l ture and F isher ies 2019, 
Queensland stock status resul ts ,  State of  Queensland, 
Br isbane. ht tps://www.daf.q ld.gov.au/business-pr ior i t ies/
f isher ies/monitor ing-compl iance/data/susta inabi l i ty-
report ing/stock-status-assessment/queensland-stock-
status-resul ts.

896. F isher ies Research & Development Corporat ion 2019, 
Glossary (Austra l ian stock status reports) ,  Austra l ian 
Government,  ht tp://www.f ish.gov.au/en/About/Glossary.

897. F isher ies Research and Development Corporat ion 
2019, How are the Status of  Austra l ian F ish Stock Reports 
done?  F isher ies Research and Development Corporat ion, 
ht tp://www.f ish.gov.au/About/How-are-the-Status-of-
Austra l ian-F ish-Stock-Reports-done;.

898. Kangas, M. and Zel ler,  B.  2018, Status of  Austra l ian 
f ish stocks report :  Bal lot ’s saucer scal lop (Y l is t rum 
bal lot i ) ,  F isher ies Research and Development Corporat ion, 
Canberra.

899. Department of  Agr icu l ture and F isher ies 2018, 
Communique 5-6 March 2018: Trawl F ishery Work ing 
Group ,  Queensland Government,  ht tps://www.daf.q ld.gov.
au/business-pr ior i t ies/ f isher ies/susta inable/susta inable-
f isher ies-strategy/ f ishery-work ing-groups/crab-work ing-
group/communiques/5-6-march-2018.

900. Department of  Agr icu l ture and F isher ies 2017, 
Submiss ion for  the reassessment of  the Queensland 
East Coast Otter  Trawl F ishery Part  13 Accredi tat ion and 
Wi ld l i fe  Trade Operat ion approval  under the Envi ronment 
Protect ion Biodivers i ty  and Conservat ion Act 1999 ,  State 
of  Queensland, Br isbane.

901. Department of  the Envi ronment and Energy 2018, 
Assessment of  the Queensland East Coast Otter  Trawl 
F ishery ,  Austra l ian Government,  Canberra.

902. Department of  Agr icu l ture and F isher ies 2019, 
Queensland stock status resul ts ,  State of  Queensland, 
ht tps://www.daf.q ld.gov.au/business-pr ior i t ies/ f isher ies/
monitor ing-compl iance/data/susta inabi l i ty-report ing/
stock-status-assessment/queensland-stock-status-resul ts.

903. Department of  Agr icu l ture and F isher ies 2018, 
Communique 4-5 December 2018: East Coast Inshore 
F ishery Work ing Group ,  Queensland Government, 
ht tps://www.daf.q ld.gov.au/business-pr ior i t ies/ f isher ies/
susta inable/susta inable- f isher ies-strategy/ f ishery-
work ing-groups/east-coast- inshore-work ing-group/
communiques/4-5-december-2018.

904. Department of  Agr icu l ture and F isher ies 2019, 
Management changes for  b lack jewf ish ,  State of 
Queensland, ht tps://www.daf.q ld.gov.au/business-
pr ior i t ies/ f isher ies/susta inable/ leg is lat ion/management-
changes-for-b lack- jewf ish.

905. Tobin,  A. ,  Harry,  A. ,  Smart ,  J. ,  Saunders,  R.  and 
Simpfendorfer,  C. 2014, Est imat ing f ish ing morta l i ty  of 
major  target species and species of  conservat ion interest 
in the Queensland east coast shark f ishery ,  F isher ies 
Research and Development Corporat ion.

906. Harry,  A.V. ,  Saunders,  R.J. ,  Smart ,  J. ,  J.S. , 
Yates,  P.M.,  S impfendorfer,  C.A. and Tobin,  A.J.  2016, 
Assessment of  a data- l imi ted,  mult i -species shark f ishery 
in the Great Barr ier  Reef  Mar ine Park and south-east 
Queensland, Fisher ies Research  177: 104-115.

907. Department of  Agr icu l ture,  F isher ies and Forestry 
2016, Queensland Stock Status Assessment Workshop 
2016 ,  14-15 June 2016, Department of  Agr icu l ture, 
F isher ies and Forestry,  Br isbane.

908. Langstreth,  J. ,  W i l l iams, A. ,  Stewart ,  J. ,  Marton, 
N.,  Lewis,  P.  and Saunders,  T.  2016, Status of  Austra l ian 
f ish stocks report :  Spanish mackere l  (Scomberomorus 
commerson) ,  F isher ies Research and Development 
Corporat ion,  Canberra.

909. Department of  Agr icu l ture and F isher ies 2018, Stock 
assessment of  Austra l ian east  coast Spanish mackere l : 
predict ions of  stock status and reference points , 
Department of  Agr icu l ture and F isher ies,  Br isbane.

910. Langstreth,  J. ,  W i l l iams, A. ,  Stewart ,  J. ,  Marton, 
N.,  Lewis,  P.  and Saunders,  T.  2018, Status of  Austra l ian 
f ish stocks report :  Spanish mackere l  (Scomberomorus 
commerson) ,  F isher ies Research and Development 
Corporat ion,  ht tp://www.f ish.gov.au/report/253-Spanish-
Mackere l-2018.

911. Wortmann, J. ,  O’Nei l l ,  M.F. ,  Sumpton, W.,  Campbel l , 
M.J.  and Stewart ,  J.  2018, Stock assessment of 
Austra l ian east  coast snapper (Chrysophrys auratus) , 
Queensland Department of  Agr icu l ture and F isher ies, 
Br isbane.

912. Fowler,  A. ,  Gar land, A. ,  Jackson, G.,  Stewart ,  J.  and 
Hamer,  P.  2016, Status of  Austra l ian f ish stocks report : 
Snapper (Chrysophrys auratus) ,  F isher ies Research and 
Development Corporat ion,  Canberra.

913. Fowler,  A. ,  Jackson, G.,  Stewart ,  J. ,  Hamer,  P.  and 
Roelofs,  A.  2018, Status of  Austra l ian f ish stocks report : 
Snapper (Chrysophrys auratus) ,  F isher ies Research and 
Development Corporat ion,  Canberra.

914. Fowler,  A. ,  Gar land, A. ,  Jackson, G.,  Stewart ,  J.  and 
Hamer,  P.  2016, Status of  Austra l ian f ish stocks report : 
Snapper (Chrysophrys auratus) ,  F isher ies Research and 
Development Corporat ion,  Canberra.

915. Henry,  G.W. and Ly le,  J.M. 2003, The Nat ional 
Recreat ional  and Indigenous F ish ing Survey ,  Department 
of  Agr icu l ture,  F isher ies and Forestry,  Canberra.

916. Tay lor,  S. ,  Webley,  J.  and McInnes,  K.  2012, 2010 
Statewide Recreat ional  F ish ing Survey ,  Department of 
Agr icu l ture,  F isher ies and Forestry,  Br isbane.

917. Roelofs,  A.  and Stewart ,  J.  2018, Status of 
Austra l ian f ish stocks report :  Pear l  perch (Glaucosoma 
scapulare) ,  F isher ies Research and Development 
Corporat ion,  Canberra.



322 REFERENCES

918. Department of  Agr icu l ture and F isher ies 2016, 
Summary of  Stock Status for  Queensland Species 2016: 
Pear l  Perch (Glaucosoma scapulare) ,  State of  Queensland, 
Br isbane.

919. Sumpton, W.,  O’Nei l l ,  M.F. ,  Campbel l ,  M.,  McLennan, 
M.,  Campbel l ,  A.  and Stewart ,  J.  2017, Stock assessment 
of  the Queensland and New South Wales pear l  perch 
(Glaucosoma scapulare)  f ishery .  Technica l  report ,  State of 
Queensland, Br isbane.

920. Department of  Agr icu l ture and F isher ies 2018, 
Government d i rect ion on f isher ies reforms 2018 ,  State of 
Queensland, Br isbane.

921. Department of  Agr icu l ture and F isher ies 2018, 
Communique 26-27 July 2018: Cora l  Reef  F in F ish F ishery 
and Spanish Mackere l  F ishery Work ing Group ,  Queensland 
Government,  ht tps://www.daf.q ld.gov.au/business-
pr ior i t ies/ f isher ies/susta inable/susta inable- f isher ies-
strategy/ f ishery-work ing-groups/-cora l- reef- f in- f ish-
f ishery-work ing-group/communiques/26-27- ju ly-2018.

922. Grubert ,  M.,  Johnson, D.,  Johnston, D. and Lesl ie, 
M. 2016, Status of  Austra l ian f ish stocks report :  Mud 
Crabs (Scy l la spp. ) ,  F isher ies Research and Development 
Corporat ion,  ht tp://www.f ish.gov.au/report/41-MUD-
CRABS-2016.

923. Johnston, D.,  Gar land, A. ,  Beckmann, C. and 
Johnson, D. 2016, Status of  Austra l ian f ish stocks 
report :  Blue Swimmer Crab (Portunus armatus) ,  F isher ies 
Research and Development Corporat ion,  ht tp://www.f ish.
gov.au/report/15-Blue-Swimmer-Crab-2016.

924. McGi lvray,  J.  and Johnson, D. 2016, Status of 
Austra l ian f ish stocks report :  Spanner Crab (Ranina 
ranina) ,  F isher ies Research and Development Corporat ion, 
ht tp://www.f ish.gov.au/report/68-Spanner-Crab-2016.

925. Department of  Agr icu l ture and F isher ies 2018, 
Reform of  the Queensland crab (mud and blue swimmer) 
f ishery:  d iscussion paper ,  Queensland Department of 
Agr icu l ture and F isher ies,  Br isbane.

926. Department of  Agr icu l ture and F isher ies 2018, 
Communique 22-23 May 2018: Spanner Crab F ishery 
Work ing Group ,  Queensland Government,  ht tps://www.
daf.q ld.gov.au/business-pr ior i t ies/ f isher ies/susta inable/
susta inable- f isher ies-strategy/ f ishery-work ing-groups/
spanner-crab-work ing-group/communiques/22-23-
may-2018.

927. Department of  Agr icu l ture and F isher ies 2016, 
Queensland spanner crab f ishery:  Commercia l  quota 
sett ing for  June 2016 – May 2018 ,  The State of 
Queensland, Br isbane.

928. Department of  Agr icu l ture and F isher ies 2019, 
FishNet:  Publ ic Register  of  F ish ing Author i t ies , 
Queensland Government,  ht tps:// f ishnet. f isher ies.q ld.gov.
au.

929. Department of  Agr icu l ture and F isher ies 2018, Annual 
Report  2017-18 ,  State of  Queensland, Br isbane.

930. McGi lvray,  J.  and Johnson, D. 2018, Status of 
Austra l ian f ish stocks report :  Spanner crab (Ranina 
ranina) ,  F isher ies Research and Development Corporat ion, 
ht tp://www.f ish.gov.au/report/178-Spanner-Crab-2018.

931. Department of  Agr icu l ture and F isher ies 2016, 
Queensland F isher ies Summary Report :  Sea Cucumber 
F ishery (East  Coast ) ,  Queensland Government,  Br isbane.

932. Department of  Agr icu l ture and F isher ies 2018, 
Discussion paper:  Management rev iew of  the harvest 
f isher ies,  focussing on the mar ine aquar ium f ish,  cora l , 
sea cucumber and t ropica l  rock lobster  f isher ies , 
Queensland Department of  Agr icu l ture and F isher ies, 
Br isbane.

933. Department of  Agr icu l ture and F isher ies 2018, 
Queensland F isher ies Summary Report :  Cora l  f ishery , 
Queensland Government,  Br isbane, Queensland.

934. Department of  the Envi ronment and Energy 
2018, Assessment of  the Queensland Cora l  F ishery , 
Commonwealth of  Austra l ia ,  Canberra.

935. Department of  the Envi ronment and Energy 2018, 
Assessment of  the Queensland Mar ine Aquar ium Fish 
F ishery ,  Commonwealth of  Austra l ia ,  Canberra.

936. Department of  Agr icu l ture and F isher ies.  2018, 
Queensland Shark Contro l  Program catch stat ist ics for 
Great Barr ier  Reef  Mar ine Park (1.0)  [Dataset ]  ht tps://
data.q ld.gov.au/dataset/q ld-shark-contro l-program-catch-
stat ist ics-great-barr ier-reef-mar ine-park.

937. Great Barr ier  Reef  Mar ine Park Author i ty  and 
Queensland Department of  Nat ional  Parks Sport  and 
Racing 2017, Permit  assessment G33288.1 Mar ine parks 
shark contro l  program ,  Great Barr ier  Reef  Mar ine Park 
Author i ty,  Townsvi l le .

938. Commonwealth of  Austra l ia  and State of  Queensland 
2015, Great Barr ier  Reef  Intergovernmenta l  Agreement , 
Commonwealth of  Austra l ia  and State of  Queensland, 
Canberra and Br isbane.

939. Attorney-Genera l ’s Department 2014, 
Offshore Const i tut ional  Sett lement ,  Austra l ian 
Government,  Canberra,  ht tp://www.ag.gov.au/
Internat ional re lat ions/ Internat ionalLaw/Pages/
TheOffshoreConst i tut ionalSett lement.aspx.

940. Voyer,  M.,  Barc lay,  K. ,  McI lgorm, A.  and Mazur,  N. 
2017, Connect ions or conf l ict? A socia l  and economic 
analys is of  the interconnect ions between the profess ional 
f ish ing industry,  recreat ional  f ish ing and mar ine tour ism in 
coasta l  communit ies in NSW, Austra l ia ,  Marine Pol icy  76: 
114-121.

941. Commonwealth of  Austra l ia  2015, Reef 2050 Long-
Term Susta inabi l i ty  P lan ,  Department of  the Envi ronment 
and Great Barr ier  Reef  Mar ine Park Author i ty,  Canberra.

942. Department of  Agr icu l ture and F isher ies 2017, 
Recreat ional  f ishers’  sat is fact ion and expectat ions of 
Queensland’s net- f ree zones June 2017 ,  Queensland 
Government,  Br isbane.

943. Department of  Agr icu l ture and F isher ies 2019, 
Performance of  Queensland’s net- f ree zones .  Technica l 
Report ,  State of  Queensland, Br isbane.

944. Austra l ian Government 2017, Austra l ian Government 
Response to the Product iv i ty  Commiss ion Report :  Inqui ry 
into Regulat ion of  the Austra l ian Mar ine F isher ies and 
Aquacul ture Sectors ,  Austra l ian Government.

945. Department of  Agr icu l ture and F isher ies 2018, 
Recreat ional  f ish ing ru les and regulat ions for  Queensland , 
State of  Queensland, ht tps://www.daf.q ld.gov.au/
business-pr ior i t ies/ f isher ies/recreat ional/ recreat ional-
f ish ing-ru les.

946. Department of  Agr icu l ture and F isher ies 2018, 
Commercia l  f isher ies ,  State of  Queensland, ht tps://www.
daf.q ld.gov.au/business-pr ior i t ies/ f isher ies/commercia l .

947. Department of  the Envi ronment and Water Resources 
2007, Guidel ines for  the ecologica l ly  susta inable 
management of  f isher ies ,  Austra l ian Government, 
Canberra.

948. Department of  Agr icu l ture and F isher ies 2018, 
Catch report ing requirements for  quota f isher ies ,  State of 
Queensland, ht tps://www.business.q ld.gov.au/ industr ies/
farms-f ish ing-forestry/ f isher ies/monitor ing-report ing/
requirements/catch-report ing.

949. Fisher ies (East  Coast Trawl )  Management Plan 2010 
(Qld) .

950. Fisher ies (East  Coast Trawl )  Amendment Management 
Plan (No. 1) :  Explanatory notes for  SL 2016 No.119  (Qld) .

951. Campbel l ,  M.J. ,  Courtney,  A.J. ,  Wang, N., 
McLennan, M.F.  and Zhou, S.  2017, Est imat ing the 
Impacts of  Management Changes on Bycatch Reduct ion 
and Susta inabi l i ty  of  High-r isk Bycatch Species in the 
Queensland East Coast Otter  Trawl F ishery.  FRDC Fina l 
Report  Pro ject  number 2015/014 ,  F isher ies Research and 
Development Corporat ion,  Br isbane, Queensland.

952. Pears,  R.J. ,  Mor ison, A.K.,  Jebreen, E.J. ,  Dunning, 
M.C.,  P i tcher,  C.R.,  Courtney,  A.J. ,  Houlden, B. and 
Jacobsen, I .P.  2012, Ecologica l  r isk assessment of  the 
East Coast Otter  Trawl F ishery in the Great Barr ier  Reef 
Mar ine Park:  summary report ,  Great Barr ier  Reef  Mar ine 
Park Author i ty,  Townsvi l le .

953. Department of  Agr icu l ture and F isher ies 2017, 
Susta inable f isher ies strategy 2017-2027. Discussion 
paper.  Reform of  the east coast otter  t rawl  f ishery ,  State 
of  Queensland, Br isbane, Queensland.

954. Explanatory statement:  Great Barr ier  Reef  Mar ine 
Park Amendment (Hammerhead Shark)  Regulat ions 2018 
(Cwlth) .

955. Fisher ies (Hammerhead Sharks)  Amendment 
Regulat ion 2017. Explanatory notes for  SL 2017 No. 135 
made under the F isher ies Act 1994  (Qld) .

956. Threatened Species Scient i f ic  Committee 2018, 
Sphyrna lewin i  (scal loped hammerhead):  L ist ing advice , 
Department of  the Envi ronment,  Canberra.



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 323

957. Commonwealth of  Austra l ia  2018, Sphyrna lewin i : 
scal loped hammerhead [Species Prof i le  and Threats 
Database] ,  Department of  Env i ronment and Energy, 
ht tp://www.envi ronment.gov.au/cgi-b in/sprat/publ ic/
publ icspecies.p l?taxon_id=85267.

958. Department of  Env i ronment 2014, Non-detr iment 
f inding for  the export  of  shark species l is ted in the 
Convent ion on Internat ional  Trade in Endangered Species 
of  Wi ld Fauna and F lora (CITES) and harvested f rom 
Austra l ian waters ,  Austra l ian Government,  Canberra.

959. Simpfendorfer,  C. 2014, In format ion for  the 
Development of  Non Detr iment F indings for  CITES L isted 
Sharks:  report  to the Department of  the Envi ronment , 
Centre for  Susta inable Tropica l  F isher ies and Aquacul ture 
& School  of  Earth and Envi ronmenta l  Sciences,  James 
Cook Univers i ty,  Queensland.

960. Department of  Agr icu l ture and F isher ies.  2014, 
Queensland Commercia l  F ishery Observer data (Vers ion 
1.0)  [Dataset ]  Retr ieved f rom https://data.q ld.gov.au/
dataset/queensland-commercia l- f ishery-observer-data.

961. Smith,  T.  and McCormack, C. 2007, Ecologica l  r isk 
assessment of  the other species component of  the Cora l 
Reef  F in F ish F ishery ,  Department of  Pr imary Industr ies 
and F isher ies,  Br isbane.

962. Department of  Agr icu l ture and F isher ies 2017, 
Fisher ies Queensland Monitor ing and Research Plan ,  State 
of  Queensland, Br isbane.

963. Department of  Agr icu l ture and F isher ies 2018, 
Susta inable F isher ies Strategy ,  State of  Queensland, 
ht tps://www.daf.q ld.gov.au/business-pr ior i t ies/ f isher ies/
susta inable- f isher ies-strategy.

964. Department of  Agr icu l ture and F isher ies 2018, 
Susta inable F isher ies Strategy 2017-2027. Progress 
report ,  year 1 ,  State of  Queensland, Br isbane.

965. Department of  Agr icu l ture and F isher ies 2019, 
AgTrends update Apr i l  2019: at  a g lance ,  State of 
Queensland, Br isbane.

966. Pascoe, S. ,  Innes,  J. ,  Tobin,  R. ,  Stoeckl ,  N., 
Paredes, S.  and Dauth,  K.  2016, Beyond GVP: The va lue 
of  inshore commercia l  f isher ies to f ishers and consumers 
in regional  communit ies on Queensland’s east  coast , 
F isher ies Research and Development Corporat ion, 
Canberra.

967. Hopf,  J.K. ,  Jones,  G.P.,  W i l l iamson, D.H. and 
Connol ly,  S.R. 2016, Synergist ic effects of  mar ine 
reserves and harvest  contro ls on the abundance and catch 
dynamics of  a cora l  reef  f ishery,  Current Bio logy  26(12) : 
1543-1548.

968. Marshal l ,  N.A. and Curnock, M. I .  2019, Changes 
among Great Barr ier  Reef  commercia l  f ishers f rom 2013-
2017. A report  f rom the Socia l  and Economic Long-term 
Monitor ing Program (SELTMP).  Report  prepared for 
the Great Barr ier  Reef  Mar ine Park Author i ty ,  CSIRO, 
Townsvi l le .

969. Marshal l ,  N.A.,  Curnock, M. I . ,  Goldberg,  J. ,  Gooch, 
M.,  Marshal l ,  P.A. ,  Pert ,  P.L.  and Tobin,  R.C. 2017, 
The dependency of  people on the Great Barr ier  Reef , 
Austra l ia ,  Coasta l  Management  45(6) :  505-518.

970. Young, M.A.L. ,  Foale,  S.  and Bel lwood, D.R. 2016, 
Why do f ishers f ish? A cross-cul tura l  examinat ion of  the 
mot ivat ions for  f ish ing,  Marine Pol icy  66:  114-123.

971. Ross,  A. ,  Herman, K.P.,  Snodgrass,  J.G.,  Delcore, 
H.D. and Sherman, R. 2011, Ind igenous Peoples and the 
Col laborat ive Stewardship of  Nature ,  Lef t  Coast Press, 
Walnut Creek,  Cal i forn ia.

972. Patterson, H.,  Larcombe, J. ,  Nicol ,  S.  and Curtott i , 
R.  2018, Fisher ies Status Reports 2018 ,  Austra l ian Bureau 
of  Agr icu l tura l  and Resource Economics and Sciences, 
Canberra.

973. Rizzar i ,  J.R.,  Fr isch,  A.J. ,  Hoey,  A.S. and 
McCormick,  M. I .  2014, Not worth the r isk:  apex predators 
suppress herbivory on cora l  reefs,  Oikos  123(7) :  829-836.

974. Boaden, A.E.  and Kingsford,  M.J.  2015, Predators 
dr ive community structure in cora l  reef  f ish assemblages, 
Ecosphere  6 (4) :  ar t46.

975. Department of  Agr icu l ture and F isher ies 2018, 
Communique 29-30 August 2018: East Coast Inshore 
F ishery Work ing Group ,  Queensland Government, 
ht tps://www.daf.q ld.gov.au/business-pr ior i t ies/ f isher ies/
susta inable/susta inable- f isher ies-strategy/ f ishery-
work ing-groups/east-coast- inshore-work ing-group/
communiques/29-30-august-2018.

976. Le igh,  G.M. 2015, Stock assessment of  whaler  and 
hammerhead sharks (Carcharh in idae and Sphyrn idae)  in 
Queensland ,  Queensland Department of  Agr icu l ture and 
F isher ies,  Br isbane.

977. Cortes,  E.  2016, Desk rev iew of  Queensland shark 
stock assessment for  F isher ies Queensland ,  Panama City, 
F lor ida.

978. E l l is ,  J.R.,  McCul ly  Phi l l ips,  S.R. and Poisson, F. 
2017, A rev iew of  capture and post-re lease morta l i ty  of 
e lasmobranchs, Journal  of  F ish Bio logy  90(3) :  653-722.

979. Campbel l ,  M.J. ,  McLennan, M.F. ,  Courtney,  A.J.  and 
Simpfendorfer,  C.A. 2018, Post-re lease surv iva l  of  two 
e lasmobranchs, the eastern shovelnose ray (Aptychotrema 
rostrata)  and the common st ingaree (Trygonoptera 
testacea) ,  d iscarded f rom a prawn trawl  f ishery in 
southern Queensland, Austra l ia ,  Marine and Freshwater 
Research  69(4) :  551-561.

980. Adams, K.R.,  Fetterp lace,  L.C.,  Davis,  A.R.,  Tay lor, 
M.D. and Knott ,  N.A. 2018, Sharks,  rays and abort ion: 
The prevalence of  capture- induced partur i t ion in 
e lasmobranchs, Biologica l  Conservat ion  217: 11-27.

981. W i lson, S.M.,  Raby, G.D.,  Burnett ,  N.J. ,  Hinch, S.G. 
and Cooke, S.J.  2014, Looking beyond the morta l i ty  of 
bycatch:  sublethal  effects of  inc identa l  capture on mar ine 
animals,  Biologica l  Conservat ion  171: 61-72.

982. Great Barr ier  Reef  Mar ine Park Author i ty  2018, 
Marine Parks Permit  G17/33288.1 ,  Great Barr ier  Reef 
Mar ine Park Author i ty,  ht tp://www.gbrmpa.gov.au/__data/
assets/pdf_f i le/0007/252079/G17-33288.1-PERMIT-ENA.
pdf.

983. Great Barr ier  Reef  Mar ine Park Regulat ions 1983 
(Cwlth) .

984. Cooke, S.J.  and Schramm, H.L.  2007, Catch-
and-re lease sc ience and i ts  appl icat ion to conservat ion 
and management of  recreat ional  f isher ies,  Fisher ies 
Management and Ecology  14(2) :  73-79.

985. Raby, G.D.,  Messmer,  V. ,  Tobin,  A.J. ,  Hoey,  A.S., 
Jut fe l t ,  F. ,  Sundin,  J. ,  Cooke, S.J.  and Clark,  T.D. 2018, 
Swim for  i t :  Effects of  s imulated f isher ies capture on the 
post-re lease behaviour of  four Great Barr ier  Reef  f ishes, 
Fisher ies Research  206: 129-137.

986. Brown, C.J.  2016, Socia l ,  economic and 
env i ronmenta l  effects of  c los ing commercia l  f isher ies to 
enhance recreat ional  f ish ing,  Marine Pol icy  73:  204-209.

987. Marsh,  H. and Sobtz ick,  S.  2015, Dugong dugon , 
The IUCN Red L ist  of  Threatened Species,  ht tp://www.
iucnredl ist .org/deta i ls/6909/0.

988. Great Barr ier  Reef  Mar ine Park Author i ty  and 
Queensland Government 2013, ‘Suspic ious dugong 
strandings:  Townsvi l le  2010 to 2013’,  Unpubl ished report .

989. de Mitcheson, Y.S. 2016, Mainstreaming f ish 
spawning aggregat ions into f ishery management ca l ls  for 
a precaut ionary approach, Bioscience  66(4) :  295-306.

990. Lamb, J.B.,  W i l l iamson, D.H.,  Russ,  G.R. and Wi l l is , 
B.L.  2015, Protected areas mit igate d iseases of  reef-
bui ld ing cora ls by reducing damage f rom f ish ing,  Ecology 
96(9) :  2555-2567.

991. Gal l ,  S.C. and Thompson, R.C. 2015, The impact of 
debr is on mar ine l i fe ,  Marine Pol lut ion Bul let in  92:  170-
179.

992. Bergseth,  B.J. ,  W i l l iamson, D.H.,  Russ,  G.R.,  Sutton, 
S.G. and Cinner,  J.E.  2017, A socia l-ecologica l  approach 
to assessing and managing poaching by recreat ional 
f ishers,  Front iers in Ecology and the Envi ronment  15(2) : 
67-73.

993. Weekers,  D.P. and Zahnow, R. ( in  press) ,  Risky 
fac i l i t ies:  Analys is of  i l legal  recreat ional  f ish ing 
in the Great Barr ier  Reef  Mar ine Park,  Austra l ia , 
Austra l ian & New Zealand Journal  of  Cr iminology  doi : 
10.1177/0004865818804021.

994. Castro-Sanguino, C.,  Bozec, Y.M.,  Dempsey,  A. , 
Samaniego, B.R.,  Lubarsky,  K. ,  Andrews, S. ,  Komyakova, 
V. ,  Ort iz ,  J.C.,  Robbins,  W.D.,  Renaud, P.G. and Mumby, 
P.J.  2017, Detect ing conservat ion benef i ts  of  mar ine 
reserves on remote reefs of  the northern GBR, PLoS ONE 
12(11) :  e0186146.

995. Bergseth,  B.J.  and Roscher,  M. 2018, Discern ing 
the cul ture of  compl iance through recreat ional  f isher’s 
percept ions of  poaching, Marine Pol icy  89:  132-141.

996. Ar ias,  A.  and Sutton,  S.G. 2013, Understanding 
recreat ional  f ishers’  compl iance with no-take zones in 
the Great Barr ier  Reef  Mar ine Park,  Ecology and Society 
18(4) :  18.



324 REFERENCES

997. L i t t le ,  L.R.,  Smith,  A.D.M.,  McDonald,  A.D.,  Punt, 
A.E. ,  Mapstone, B.D.,  Pantus,  F.  and Davies,  C.R. 2005, 
Effects of  s ize and f ragmentat ion of  mar ine reserves on 
f isher in f r ingement on the catch and biomass of  cora l 
t rout (P lectropomus leopardus)  on the Great Barr ier  Reef , 
Fisher ies Management and Ecology  12(3) :  177-188.

998. Emsl ie,  M.J. ,  Logan, M.,  W i l l iamson, D.H.,  Ay l ing, 
A.A.,  MacNei l ,  M.A.,  Ceccare l l i ,  D. ,  Cheal ,  A.J. ,  Evans, 
R.D.,  Johns, K.A.,  Jonker,  M.J. ,  Mi l ler,  I .R. ,  Osborne, K. , 
Russ,  G.R. and Sweatman, H.P.A. 2015, Expectat ions 
and outcomes of  reserve network per formance fo l lowing 
re-zoning of  the Great Barr ier  Reef  Mar ine Park,  Current 
Bio logy  25(8) :  983-992.

999. Fisher ies (Vessel  Track ing)  Amendment Regulat ion 
2018  (Qld) .

1000. Larson, S. ,  Stoeckl ,  N. ,  Nei l ,  B.  and Welters,  R. 
2013, Using res ident percept ions of  va lues associated 
with the Austra l ian Tropica l  Rivers to ident i fy  pol icy and 
management pr ior i t ies,  Ecologica l  Economics 94: 9-18.

1001. Stoeckl ,  N. ,  Hicks,  C.C.,  Mi l ls ,  M.,  Fabr ic ius,  K. , 
Esparon, M.,  Kroon, F. ,  Kaur,  K.  and Costanza, R. 2011, 
The economic va lue of  ecosystem serv ices in the Great 
Barr ier  Reef :  our state of  knowledge, Annals of  the New 
York Academy of  Sciences  1219: 113-133.

1002. Great Barr ier  Reef  Mar ine Park Author i ty  2017, 
Great Barr ier  Reef  Mar ine Park Author i ty  2016-17 
Annual  Report ,  Great Barr ier  Reef  Mar ine Park Author i ty, 
Townsvi l le .

1003. Queensland Government Stat ist ic ian’s Off ice 2018, 
Projected populat ion,  by ser ies,  Queensland, 2016 to 
2066 ,  State of  Queensland, ht tp://www.qgso.qld.gov.au/
subjects/demography/populat ion-pro ject ions/tables/pro j-
pop-ser ies-qld/ index.php.

1004. Department of  Transport  and Main Roads 2019, 
‘Vessel  Registrat ion data retr ieved by Local  Government 
Area f rom the Transport  Registrat ion And Integrated 
L icensing System (TRAILS)’ ,  [Unpubl ished data] .

1005. Queensland Government Stat ist ic ian’s Off ice 2019, 
Est imated res ident populat ion by local  government area 
(LGA) Queensland, 2008-2018  Queensland Government, 
ht tp://www.qgso.qld.gov.au/products/tables/erp- lga-qld/
index.php?region=mackay.

1006. Hughes, T.P. ,  Day,  J.C. and Brodie,  J.  2015, 
Secur ing the future of  the Great Barr ier  Reef ,  Nature 
Cl imate Change  5:  508-511.

1007. Great Barr ier  Reef  Mar ine Park Author i ty  2012, 
Recreat ion management strategy for  the Great Barr ier 
Reef  Mar ine Park ,  Great Barr ier  Reef  Mar ine Park 
Author i ty,  Townsvi l le .

1008. Queensland Parks and Wi ld l i fe  Serv ice 2019, ‘Reef 
Protect ion Markers and moor ings database’,  [Unpubl ished 
data] .

1009. Marshal l ,  N.A. and Curnock, M. I .  2019, Changes 
among coasta l  res idents of  the Great Barr ier  Reef  Region 
f rom 2013-2017: a report  f rom the Socia l  and Economic 
Long-term Monitor ing Program (SELTMP).  Report 
prepared for  the Great Barr ier  Reef  Mar ine Park Author i ty , 
CSIRO, Townsvi l le .

1010. Gooch, M.,  Marshal l ,  N. ,  Dale,  A.  and Vel la,  K. 
2018, NESP Project  3.2.2 F ina l  Report :  Tr ia l l ing an 
Assessment and Monitor ing Program for  the Human 
Dimensions of  the Reef  2050 Integrated Monitor ing and 
Report ing Program. Report  to the Nat ional  Env i ronmenta l 
Science Programme ,  Reef  and Rainforest  Research Centre 
L imited, Cairns.

1011. Gooch, M.,  Marshal l ,  N. ,  Dale,  A.  and Vel la,  K.  ( in 
preparat ion) ,  Assessment and Monitor ing of  the Human 
Dimensions with in the Reef  2050 Integrated Monitor ing 
and Report ing Program: F ina l  Report  of  the Human 
Dimensions Expert  Group, Great Barr ier  Reef  Mar ine 
Park Author i ty ,  Great Barr ier  Reef  Mar ine Park Author i ty, 
Townsvi l le .

1012. Great Barr ier  Reef  Mar ine Park Author i ty  2018, 
‘Local  mar ine advisory committee:  September 2018 
Communique’,  Unpubl ished.

1013. Hammerton, Z.  2017, Determin ing the var iables 
that  in f luence SCUBA div ing impacts in eastern Austra l ian 
mar ine parks,  Ocean and Coasta l  Management  142: 209-
217.

1014. W indle,  J. ,  Rol fe,  J.  and Pascoe, S.  2017, 
Assessing recreat ional  benef i ts  as an economic indicator 
for  an industr ia l  harbour report  card,  Ecologica l  Indicators 
80:  224-231.

1015. Great Barr ier  Reef  Mar ine Park Author i ty  2019, 
‘Mar i t ime Inc ident Database’,  [Unpubl ished data] .

1016. Great Barr ier  Reef  Mar ine Park Author i ty  2018, 
‘Reef  Management System database’,  [Unpubl ished data] .

1017. Great Barr ier  Reef  Mar ine Park Author i ty  and 
Queensland Department of  Env i ronment and Science 
2018, ‘Educat ion Permits Issued Between July 2014 
and March 2018 With in the Great Barr ier  Reef  Region’ , 
[Unpubl ished data] .

1018. Great Barr ier  Reef  Mar ine Park Author i ty  2017, 
Guidel ines:  Appl icat ions for  jo int  permiss ions (Document 
No. 100440) ,  Great Barr ier  Reef  Mar ine Park Author i ty, 
Townsvi l le .

1019. Great Barr ier  Reef  Mar ine Park Author i ty  2017, 
Guidel ines:  Managing research in the Great Barr ier  Reef 
Mar ine Park (Document No. 100431) ,  Great Barr ier  Reef 
Mar ine Park Author i ty,  Townsvi l le .

1020. Great Barr ier  Reef  Mar ine Park Author i ty  2018, 
Joint  Guidel ines:  Appl icat ions for  Restorat ion/Adaptat ion 
Projects to Improve Resi l ience of  Habi tats in the Great 
Barr ier  Reef  Mar ine Park (Document No. 100472) ,  Great 
Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

1021. Great Barr ier  Reef  Mar ine Park Author i ty  and 
Queensland Government 2018, Reef 2050 Integrated 
Monitor ing and Report ing Program strategy update ,  Great 
Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

1022. Col l ier,  C.J. ,  Langlo is,  L. ,  Ow, Y. ,  Johansson, 
C.,  Giammusso, M.,  Adams, M.P.,  O’Br ien,  K.R. and 
Uth icke,  S.  2018, Losing a winner:  thermal  st ress and 
local  pressures outweigh the posi t ive effects of  ocean 
acid i f icat ion for  t ropica l  seagrasses,  The New Phyto logist 
219(3) :  1005-1017.

1023. Pratchett ,  M.S.,  Cameron, D.S.,  Donelson, 
J. ,  Evans,  L. ,  Fr isch,  A.J. ,  Hobday, A.J. ,  Hoey,  A.S., 
Marshal l ,  N.A.,  Messmer,  V. ,  Munday, P.L. ,  Pears,  R. , 
Pecl ,  G.,  Reynolds,  A. ,  Scott ,  M.,  Tobin,  A. ,  Tobin,  R. , 
Welch,  D.J.  and Wi l l iamson, D.H. 2017, Effects of  c l imate 
change on cora l  grouper (P lectropomus spp. )  and possib le 
adaptat ion opt ions,  Reviews in F ish Bio logy and F isher ies 
27(2) :  297-316.

1024. Goldberg,  J. ,  B i r t les,  A. ,  Marshal l ,  N. ,  Curnock, M., 
Case, P.  and Beeden, R. 2018, The ro le of  Great Barr ier 
Reef  tour ism operators in address ing c l imate change 
through strategic communicat ion and di rect  act ion, 
Journal  of  Susta inable Tour ism  26(2) :  238-256.

1025. Lyons, I . ,  Hi l l ,  R. ,  Deshong, S. ,  Mooney,  G. and 
Turpin,  G. ( in  press) ,  Putt ing uncerta inty under the 
cul tura l  lens of  Tradi t ional  Owners f rom the Great Barr ier 
Reef  Catchments,  Regional  Env i ronmenta l  Change  doi : 
10.1007/s10113-019-01468-w.

1026. Austra l ian Inst i tute of  Mar ine Science 2018, Reef 
Restorat ion and Adaptat ion Program ,  Austra l ian Inst i tute 
of  Mar ine Science, Townsvi l le ,  ht tps://www.gbrrestorat ion.
org/home.

1027. Bai rd,  M.E.,  Cherukuru,  N.,  Jones,  E. , 
Margvelashv i l i ,  N. ,  Mongin,  M.,  Oubelkhei r,  K. ,  Ralph,  P.J. , 
Rizwi ,  F. ,  Robson, B.J.  and Schroeder,  T.  2016, Remote-
sensing ref lectance and t rue colour produced by a 
coupled hydrodynamic,  opt ica l ,  sediment,  b iogeochemical 
model  of  the Great Barr ier  Reef ,  Austra l ia :  Compar ison 
with sate l l i te  data,  Envi ronmenta l  Model l ing & Software 
78:  79-96.

1028. Great Barr ier  Reef  Foundat ion,  Bureau of 
Meteorology,  CSIRO, Austra l ian Inst i tute of  Mar ine 
Science and Queensland Government 2019, eReefs, 
Austra l ian Government,  ht tps://ereefs.org.au/ereefs.

1029. Mumby, P.J. ,  Hock, K. ,  Condie,  S.A.,  Ort iz ,  J.C., 
Wol ff ,  N.H.,  Anthony,  K.R.N. and Blackwel l ,  P.G. 2018, 
Response to Bode and col leagues: “Resi l ient  reefs may 
ex ist ,  but can larva l  d ispersal  models f ind them?”,  PLoS 
Bio logy  16(8) :  e2007047.

1030. Bode, M.,  Bode, L. ,  Choukroun, S. ,  James, M.K. 
and Mason, L.B. 2018, Resi l ient  reefs may ex ist ,  but can 
larva l  d ispersal  models f ind them? PLoS Bio logy  16(8) : 
e2005964.

1031. North Queensland Bulk Ports L imited 2018, North 
Queensland Bulk Ports L imited, North Queensland Bulk 
Ports L imited, ht tps://nqbp.com.au/.

1032. McCook, L. ,  Schaffe lke,  B. ,  Apte,  S. ,  Br inkman, R., 
Brodie,  J. ,  Er f temei jer,  P. ,  Eyre,  B. ,  Hoogerwerf ,  F. ,  I rv ine, 
I . ,  Jones,  R.,  K ing,  B.,  Marsh,  H.,  Masin i ,  R. ,  Morton, R., 
P i tcher,  R. ,  Rasheed, M.,  Sheaves,  M.,  Symonds, A.  and 
Warne, M.S. 2015, Synthesis of  current knowledge of  the 



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 325

biophysica l  impacts of  dredging and disposal  on the Great 
Barr ier  Reef :  report  of  an independent panel  of  experts , 
Great Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

1033. RMC Pty Ltd and Sprott  P lanning and Envi ronment 
Pty Ltd 2014, Dredging and Austra l ian Ports:  Subtropica l 
and Tropica l  Ports ,  Ports Austra l ia ,  Sydney.

1034. Department of  Transport  and Main Roads 2016, 
Maintenance Dredging Strategy for  Great Barr ier  Reef 
Wor ld Her i tage Area Ports ,  Queensland Government, 
Br isbane.

1035. Teakle,  I .  2018, GBR Quant i tat ive Sediment Budget 
Assessment ,  Queensland Ports Associat ion.

1036. Susta inable Ports Development Act 2015  (Qld) .

1037. Internat ional  Mar i t ime Organizat ion 1997, 
Convent ion on the Prevent ion of  Mar ine Pol lut ion by 
Dumping of  Wastes and other Matter  (London Convent ion 
1972),  in London Convent ion 1972 and 1996 Protocol 
Internat ional  Mar i t ime Organizat ion ,  London.

1038. Department of  the Envi ronment and Energy 2018, 
‘Dredge disposal  vo lumes der ived f rom the Department 
of  the Envi ronment and Energy annual  report ing to 
the Internat ional  Mar i t ime Organizat ion (2009-2016) in 
accordance with Austra l ia ’s obl igat ions under the 1996 
Protocol  to the Convent ion on the Prevent ion of  Mar ine 
Pol lut ion by Dumping of  Wastes and Other Matter ,  1972’, 
[Unpubl ished data] .

1039. Queensland Ports Associat ion 2017, Maintenance 
Dredging of  Queensland Ports:  Rev iew of  2017 Act iv i t ies 
(21 December 2017) ,  Department of  Transport  and Main 
Roads, Br isbane.

1040. Queensland Ports Associat ion 2018, Schedule for 
State-wide Maintenance Dredging of  Queensland Ports: 
29 March 2018 ,  Department of  Transport  and Main Roads, 
Br isbane.

1041. Department of  State Development,  In f rastructure 
and Planning 2014, Queensland Ports Strategy ,  State of 
Queensland, Br isbane.

1042. Department of  State Development,  In f rastructure 
and Planning 2013, Queensland Ports Strategy:  Draf t  for 
Consul tat ion ,  State of  Queensland, Br isbane.

1043. Department of  Transport  and Main Roads 2018, 
Master Plan:  Pr ior i ty  Port  of  Gladstone ,  State of 
Queensland, Br isbane.

1044. Department of  Transport  and Main Roads 2018, 
Draft  master  p lan:  Pr ior i ty  Port  of  Townsvi l le ,  State of 
Queensland, Br isbane.

1045. Wu, P.P.Y.,  Mengersen, K. ,  McMahon, K. ,  Kendr ick, 
G.A.,  Chartrand, K. ,  York,  P.H.,  Rasheed, M.A. and Caley, 
M.J.  2017, T iming anthropogenic stressors to mit igate 
the i r  impact on mar ine ecosystem res i l ience, Nature 
Communicat ions  8 (1) :  1263.

1046. Short ,  J. ,  Fraser,  M.,  McLean, D.,  Kendr ick,  G., 
Byrne,  M.,  Caley,  J. ,  Clarke,  D.,  Davis,  A. ,  Er f temei jer, 
P. ,  F ie ld,  S. ,  Gust in-Cra ig,  S. ,  Huisman, J. ,  Keesing, 
J. ,  Keough, M.,  Lavery,  P. ,  Masin i ,  R. ,  McMahon, K. , 
Mergersen, K. ,  Rasheed, M.,  Statton,  J. ,  Stoddart ,  J. 
and Wu, P.  2017, Effects of  dredging-re lated pressures 
on cr i t ica l  ecologica l  processes for  organisms other than 
f ish or  cora l .  Report  of  Theme 9:  Pro ject  9.1 prepared for 
the Dredging Science Node ,  Western Austra l ian Mar ine 
Science Inst i tut ion,  Perth,  WA.

1047. Wenger,  A.S.,  Harvey,  E. ,  W i lson, S. ,  Rawson, C., 
Newman, S.J. ,  Clarke,  D.,  Saunders,  B.J. ,  Browne, N., 
Travers,  M.J. ,  Mci lwain,  J. ,  Er f temei jer,  P.L.A. ,  Hobbs, 
J.A. ,  Mclean, D.,  Depczynski ,  M. and Evans, R.D. 2017, 
A cr i t ica l  analys is of  the d i rect  effects of  dredging on f ish, 
Fish and F isher ies  18:  967-985.

1048. Department of  Transport  and Main Roads 2018, 
Trade stat ist ics for  Queensland ports:  Throughput 
stat ist ics for  the f ive years ending 30 June 2017 ,  State of 
Queensland, Br isbane.

1049. Inf rastructure Austra l ia  and Nat ional  Transport 
Commiss ion 2010, Nat ional  ports strategy.  In f rastructure 
for  an economical ly,  socia l ly,  and env i ronmenta l ly 
susta inable future ,  Austra l ian Government,  Canberra.

1050. North Queensland Bulk Ports Corporat ion 2018, 
‘Ports data 2015-2017’,  [Unpubl ished data] .

1051. Port  of  Townsvi l le  L imited 2018, Port  of  Townsvi l le 
L imited ,  ht tps://www.townsvi l le-port .com.au/.

1052. Gladstone Port  Corporat ion Ltd 2018, Gladstone 
Port  Corporat ion Ltd,  ht tp://www.gpcl .com.au/
development.

1053. Austra l ian Bureau of  Stat ist ics 2013, 2011 
CensusQuickStats ,  Austra l ian Bureau of  Stat ist ics,  ht tp://
www.censusdata.abs.gov.au/census_serv ices/getproduct/
census/2011/quickstat/306?opendocument&navpos=2.

1054. Austra l ian Bureau of  Stat ist ics 2017, 2016 
CensusQuickStats ,  Austra l ian Bureau of  Stat ist ics,  ht tp://
quickstats.censusdata.abs.gov.au/census_serv ices/
getproduct/census/2016/quickstat/306?opendocument.

1055. Nat ional  Nat ive T i t le  Tr ibunal  2014, Ind igenous Land 
Use Agreement QI2014/026: Gladstone, Rockhampton 
and Bundaberg Ports Pro ject  ILUA ,  Nat ional  Nat ive T i t le 
Tr ibunal ,  Br isbane.

1056. Grech, A. ,  Bos, M.,  Brodie,  J. ,  Coles,  R. ,  Dale,  A. , 
Gi lbert ,  R. ,  Hamann, M.,  Marsh,  H.,  Nei l ,  K. ,  Pressey, 
R.L. ,  Rasheed, M.A.,  Sheaves,  M. and Smith,  A.  2013, 
Guid ing pr inc ip les for  the improved governance of  port 
and shipping impacts in the Great Barr ier  Reef ,  Marine 
Pol lut ion Bul let in  75(1-2) :  8-20.

1057. Great Barr ier  Reef  Mar ine Park Regulat ions 2019 
(Cwlth) .

1058. Bessel l -Browne, P. ,  F isher,  R. ,  Duckworth,  A.  and 
Jones, R. 2017, Mucous sheet product ion in Por i tes: 
an effect ive b io indicator of  sediment re lated pressures, 
Ecologica l  Indicators  77:  276-285.

1059. Humanes, A. ,  F ink,  A. ,  W i l l is ,  B.L. ,  Fabr ic ius,  K.E. , 
de Beer,  D.  and Negr i ,  A.P.  2017, Effects of  suspended 
sediments and nutr ient  enr ichment on juveni le cora ls, 
Marine Pol lut ion Bul let in  125(1-2) :  166-175.

1060. Mi l ls ,  D.  and Kemps, H. 2016, Generat ion and 
re lease of  sediments by hydraul ic dredging: a rev iew. 
Report  of  Theme 2:  Pro ject  2.1 prepared for  the Dredging 
Science Node ,  Western Austra l ian Mar ine Science 
Inst i tut ion,  Perth,  WA.

1061. Bessel l -Browne, P. ,  Negr i ,  A.P. ,  F isher,  R. ,  Clode, 
P.L. ,  Duckworth,  A.  and Jones, R. 2017, Impacts of 
turb id i ty  on cora ls:  The re lat ive importance of  l ight 
l imi tat ion and suspended sediments,  Marine Pol lut ion 
Bul let in  117(1-2) :  161-170.

1062. Moustaka, M.,  Langlo is,  T.J. ,  McLean, D.,  Bond, 
T. ,  F isher,  R. ,  Fearns,  P. ,  Dor j i ,  P.  and Evans, R.D. 2018, 
The effects of  suspended sediment on cora l  reef  f ish 
assemblages and feeding gui lds of  north-west Austra l ia , 
Coral  Reefs  37(3) :  659-673.

1063. Hess,  S. ,  Wenger,  A.S.,  A insworth,  T.D. and 
Rummer,  J.L.  2015, Exposure of  c lownf ish larvae to 
suspended sediment leve ls found on the Great Barr ier 
Reef :  impacts on g i l l  s t ructure and microbiome, Scient i f ic 
Reports  5:  10561.

1064. Er f temei jer,  P.L.  and Lewis,  R.R. 2006, 
Envi ronmenta l  impacts of  dredging on seagrasses:  A 
rev iew, Marine Pol lut ion Bul let in  52(12) :  1553-1572.

1065. Paredes, S. ,  Pascoe, S. ,  Coglan,  L. ,  Jennings, 
S. ,  Yamazaki ,  S.  and Innes,  J.  2017, At-sea dumping 
of  dredge spoi l :  an overv iew of  the Austra l ian pol icy 
and leg is lat ive f ramework,  Austra las ian Journal  of 
Env i ronmenta l  Management  24(2) :  184-199.

1066. Kane, K. ,  Kaveney,  T.  and Hemphi l l ,  P.  2017, 
Susta inable sediment management assessment:  A case 
study,  in Austra las ian Coasts & Ports 2017: Work ing with 
Nature ,  eds.  Anonymous, Engineers Austra l ia ,  PIANC 
Austra l ia  and Inst i tute of  Profess ional  Engineers New 
Zealand, Barton,  ACT, pp. 683-689.

1067. Sinc la i r  Knight Merz Pty Ltd and Asia-Paci f ic 
Appl ied Science Associates 2013, Appendix D: 
Ident i f icat ion of  a l ternat ive s i tes for  the p lacement of 
dredge mater ia l  at  sea.  Revis ion 1.3,  10 July 2013, in 
Improved dredge mater ia l  management for  the Great 
Barr ier  Reef  Region:  Synthesis Report ,  Rev is ion 1.3,  15 
July 2013 ,  eds Sinc la i r  Knight Merz Pty Ltd and Asia-
Paci f ic  Appl ied Science Associates,  Great Barr ier  Reef 
Mar ine Park Author i ty,  Townsvi l le ,  pp. 146.

1068. Stark,  C.,  Whinney,  J. ,  R idd, P.  and Jones, R. 2017, 
Est imat ing sediment deposi t ion f ie lds around dredging 
act iv i t ies,  WAMSI Dredging Science Node Theme 4 Report 
Pro ject  4.3 ,  Western Austra l ian Mar ine Science Inst i tut ion, 
Perth,  Western Austra l ia .

1069. Sun, C.,  Shimizu,  K.  and Symonds, G. 2016, 
Numer ica l  model l ing of  dredge plumes: a rev iew. Report  of 
Theme 3 Project  3.1.3,  prepared for  the Dredging Science 
Node ,  Western Austra l ian Mar ine Science Inst i tut ion, 
Perth,  Western Austra l ia .

1070. North Queensland Bulk Ports Corporat ion 2017, 
Susta inable sediment management assessment for 



326 REFERENCES

mainta in ing nav igat ional  in f rastructure:  Port  of  Hay Point , 
North Queensland Bulk Ports Corporat ion.

1071. Bayraktarov,  E. ,  Saunders,  M. I . ,  Abdul lah,  S. , 
Mi l ls ,  M.,  Beher,  J. ,  Possingham, H.P.,  Mumby, P.J.  and 
Lovelock,  C.E.  2016, The cost and feas ib i l i ty  of  mar ine 
coasta l  restorat ion,  Ecologica l  Appl icat ions  26(4) :  1055-
1074.

1072. Ri jks,  D.,  Sta l ley,  L. ,  van Thie l  de Vr ies,  J. ,  Boere, 
P.  and Boylson, B. 2017, Benef ic ia l  re-use of  dredged 
mater ia l :  Opportuni t ies to enhance port  pro ject  va lue,  in 
Austra las ian Coasts & Ports 2017: Work ing with Nature , 
eds.  Anonymous, Engineers Austra l ia ,  PIANC Austra l ia  and 
Inst i tute of  Profess ional  Engineers New Zealand, Barton, 
ACT, pp. 924-932.

1073. Mocke, R.,  Br i t ton,  G.,  Potter,  M.,  Symonds, A. , 
Donald,  J. ,  Spooner,  D. and Cohen, A.  2016, Maintenance 
Dredging Strategy for  Great Barr ier  Reef  Wor ld Her i tage 
Area Ports:  Technica l  Support ing Document ,  Haskoning 
Austra l ia  Pty.  Ltd. ,  Bur le igh Heads, Qld.

1074. Teakle,  I . ,  Barnes,  M.,  Grant,  B. ,  Guard,  P.  and 
F isk,  G. 2015, Assessing the impacts of  dredging in the 
Great Barr ier  Reef  Wor ld Her i tage Area,  in Austra las ian 
Coasts & Ports Conference 2015: 22nd Austra las ian 
Coasta l  and Ocean Engineer ing Conference and the 
15th Austra las ian Port  and Harbour Conference ,  eds. 
Anonymous, Engineers Austra l ia  and IPENZ, pp. 894.

1075. Kroon, F.J. ,  Berry,  K.L.E. ,  Br inkman, D.L. ,  Davis,  A. , 
K ing,  O.,  Kookana, R.,  Lewis,  S. ,  Leusch, F. ,  Makarynskyy, 
O.,  Melv in,  S. ,  Mül ler,  J. ,  Neale,  P. ,  Negr i ,  A. ,  O’Br ien, 
D.,  Puot inen, M.,  Smith,  R. ,  Tsang, J. ,  van de Merwe, J. , 
Warne, M. and Wi l l iams, M. 2016, Ident i f icat ion,  impacts, 
and pr ior i t isat ion of  emerging contaminants present in 
the GBR and Torres Stra i t  mar ine env i ronments:  report  to 
the Nat ional  Env i ronmenta l  Science Programme ,  Reef  and 
Rainforest  Research Centre L imited, Cairns.

1076. Berry,  K.L.E. ,  Hoogenboom, M.O.,  F lores,  F.  and 
Negr i ,  A.P.  2016, Simulated coal  spi l l  causes morta l i ty  and 
growth inh ib i t ion in t ropica l  mar ine organisms, Scient i f ic 
Reports  6:  25894.

1077. Burns,  K.A. 2014, PAHs in the Great Barr ier  Reef 
lagoon reach potent ia l ly  tox ic leve ls f rom coal  port 
act iv i t ies,  Estuar ine,  Coasta l  and Shel f  Science  144: 39-
45.

1078. Burns,  K.  and Br inkman, D. 2011, Organic 
b iomarkers to descr ibe the major carbon inputs and 
cycl ing of  organic matter  in the centra l  Great Barr ier  Reef 
region,  Estuar ine,  Coasta l  and Shel f  Science  93(2) :  132-
141.

1079. Berry,  K.L.E. ,  Hoogenboom, M.O.,  Br inkman, 
D.L. ,  Burns,  K.A. and Negr i ,  A.P.  2017, Effects of  coal 
contaminat ion on ear ly  l i fe  h istory processes of  a reef-
bui ld ing cora l ,  Acropora tenuis ,  Marine Pol lut ion Bul let in 
114: 505-514.

1080. Davies,  T.W.,  Duffy,  J.P. ,  Bennie,  J.  and Gaston, 
K.J.  2014, The nature,  extent,  and ecologica l  impl icat ions 
of  mar ine l ight  pol lut ion,  Front iers in Ecology and the 
Envi ronment  12(6) :  347-355.

1081. Kamrowski ,  R.L. ,  L impus, C.,  Pendoley,  K.  and 
Hamann, M. 2015, Inf luence of  industr ia l  l ight  pol lut ion 
on the sea-f inding behaviour of  f latback turt le hatchl ings, 
Wild l i fe  Research  41(5) :  421-434.

1082. Mar i t ime and Port  Author i ty  of  S ingapore 2018, 
Facts and Tr iv ia,  S ingapore Government ,  ht tps://www.
mpa.gov.sg/web/porta l /home/mar i t ime-s ingapore/
introduct ion-to-mar i t ime-s ingapore/ facts-and-tr iv ia.

1083. Austra l ian Mar i t ime Safety Author i ty  2018, Great 
Barr ier  Reef  and Torres Stra i t  Vessel  Traf f ic  Serv ice , 
Austra l ian Mar i t ime Safety Author i ty,  ht tps://www.amsa.
gov.au/safety-nav igat ion/nav igat ing-coasta l-waters/great-
barr ier-reef-and-torres-stra i t-vessel- t raff ic .

1084. PGM Envi ronment 2012, Great Barr ier  Reef 
sh ipping: Review of  env i ronmenta l  impl icat ions ,  Austra l ian 
Government,  Canberra.

1085. Austra l ian Mar i t ime Safety Author i ty.  2018, Reef 
Vessel  Traf f ic  Serv ice data for  ca lendar years 2013-
2018 with in the Region (2013-2018)  [Dataset ]  Retr ieved 
f rom https://www.operat ions.amsa.gov.au/Spat ia l /
DataServ ices/Dig i ta lData.

1086. North-East Shipping Management Group 2019, 
North-east Shipping Management Plan:  Revised , 
Austra l ian Mar i t ime Safety Author i ty,  Canberra.

1087. Austra l ian Mar i t ime Safety Author i ty  2018, 
Austra l ian Ship Report ing Records (AUSREP) for  June 
2018 ,  AMSA, Canberra.

1088. Austra l ian Mar i t ime Safety Author i ty  2018, SHIPSYS 
database 2014-2017 ,  Austra l ian Mar i t ime Safety Author i ty, 
Canberra.

1089. Braemar ACM Shipbroking 2016, Austra l ian Nat ional 
Traf f ic  Study F indings Report  (2016-2025):  Report  for 
the Austra l ian Mar i t ime Safety Author i ty ,  Braemar ACM 
Shipbroking,  Canberra,  Austra l ia .

1090. Internat ional  Mar i t ime Organizat ion 2018, UN body 
adopts c l imate change strategy for  sh ipping ,  Internat ional 
Mar i t ime Organizat ion,  ht tp://www.imo.org/en/
MediaCentre/PressBr ief ings/Pages/06GHGini t ia lst rategy.
aspx.

1091. Internat ional  Convent ion for  the Prevent ion of 
Pol lut ion f rom ships (MARPOL) Annex VI :  Prevent ion of  A i r 
Pol lut ion f rom Ships .

1092. Great Barr ier  Reef  Mar ine Park Author i ty  2018, 
‘Cru ise Ship Bookings:  Bookings Database 2012-2018’, 
[Unpubl ished] .

1093. Queensland Government 2008, Queensland 
superyacht strategy 2008-2013 ,  Queensland Government, 
Br isbane.

1094. Department of  Transport  and Main Roads 2016, 
Anchorages:  Jur isd ict ional  Responsib i l i ty  for  Anchorages 
in Queensland ,  Queensland Government,  Br isbane.

1095. Internat ional  Convent ion for  the Prevent ion of 
Pol lut ion f rom ships (MARPOL) Annex V:  Prevent ion of 
Pol lut ion by Garbage f rom Ships .

1096. Department of  the Envi ronment and Energy 2018, 
Threat Abatement Plan for  the impacts of  mar ine debr is on 
the vertebrate wi ld l i fe  of  Austra l ia ’s coasts and oceans , 
Department of  Env i ronment and Energy,  Canberra.

1097. Internat ional  Convent ion for  the Prevent ion of 
Pol lut ion f rom ships (MARPOL) Annex IV:  Prevent ion of 
Pol lut ion by Sewage f rom Ships .

1098. Off ice of  Economic and Stat ist ica l  Research 2018, 
Exports of  Queensland Goods Overseas ,  Queensland 
Government,  ht tp://www.qgso.qld.gov.au/subjects/
economy/trade/reports/exports-qld-goods-overseas/ index.
php.

1099. Ports North 2015-2018, Annual  Reports 2014-15 
through to 2017-18 (Port  of  Cai rns sect ions) ,  Ports North, 
Cai rns.

1100. Port  of  Townsvi l le  L imited 2015-2018, Annual 
Reports f rom 2014-15 through to 2017-18 ,  Port  of 
Townsvi l le  L imited, Townsvi l le .

1101. Gladstone Port  Corporat ion Ltd 2018, Annual 
Reports 2014-15 through to 2017-18 ,  Gladstone Port 
Corporat ion Ltd,  Gladstone.

1102. North Queensland Bulk Ports Corporat ion 2015-
2018, Annual  Reports 2014-15 through to 2017-18 ,  North 
Queensland Bulk Ports Corporat ion,  Br isbane.

1103. Queensland Government 2016, Media statement: 
Queensland Ports set  for  another record cru ise sh ip 
boom ,  Queensland Government,  ht tp://statements.q ld.
gov.au/Statement/2016/9/11/queensland-ports-set- for-
another-record-cru ise-ship-boom.

1104. GHD 2013, Ship anchorage management in the 
Great Barr ier  Reef  Wor ld Her i tage Area ,  Great Barr ier  Reef 
Mar ine Park Author i ty,  Townsvi l le .

1105. Wor ld Mar i t ime News 11 June 2015, Shipping 
Duo F ined for  Dumping Waste in Great Barr ier  Reef , 
Wor ld Mar i t ime News, ht tps://wor ldmar i t imenews.com/
archives/163460/shipping-duo-f ined-for-dumping-waste-
in-great-barr ier-reef/ .

1106. Wor ld Mar i t ime News 23 October 2018, AMSA: 
P&O Cruise Ship Spi l ls  Waste Water in Great Barr ier  Reef , 
Wor ld Mar i t ime News, ht tps://wor ldmar i t imenews.com/
archives/263082/amsa-po-cru ise-ship-spi l ls-waste-water-
in-great-barr ier-reef/ .

1107. Mar i t ime Safety Queensland 2018, ‘Reef  Vessel 
Traff ic  System Inc ident Data’ ,  [Unpubl ished data] .

1108. Austra l ian Government 2008, Nat ional  b iofoul ing 
management guidel ines for  commercia l  vessels , 
Commonwealth of  Austra l ia ,  ACT.

1109. Tangaroa Blue 2018, Austra l ian Mar ine Debr is 
In i t iat ive:  Indigenous Land and Sea Rangers ,  Tangaroa 
Blue,  ht tps://www.tangaroablue.org/amdi/ indigenous-
rangers.html.

1110. Great Barr ier  Reef  Mar ine Park Author i ty  2018, 
Tra in ing program a win-win for  Indigenous rangers and 
Reef ,  Great Barr ier  Reef  Mar ine Park Author i ty,  ht tp://
www.gbrmpa.gov.au/news-room/latest-news/ latest-



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 327

news/compl iance/2018/tra in ing-program-a-win-win-for-
indigenous-rangers-and-reef .

1111. Marsh,  H.,  Grayson, J. ,  Grech, A. ,  Hagihara,  R. 
and Sobtz ick,  S.  2015, Re-evaluat ion of  the susta inabi l i ty 
of  a mar ine mammal harvest  by Indigenous people 
us ing severa l  l ines of  ev idence, Biologica l  Conservat ion 
192(2015):  324-330.

1112. Nursey-Bray,  M. and Palmer,  R.  2018, Country, 
c l imate change adaptat ion and colonisat ion:  ins ights f rom 
an Indigenous adaptat ion p lanning process,  Austra l ia , 
Hel iyon  4:  e00565.

1113. Great Barr ier  Reef  Mar ine Park Amendment 
(Author i ty  Governance and Other Matters)  Act 2018 
(Cwlth) .

1114. Havemann, P. ,  Thi r iet ,  D. ,  Marsh,  H. and Jones, C. 
2005, Tradi t ional  use of  mar ine resources agreements and 
dugong hunt ing in the Great Barr ier  Reef  Wor ld Her i tage 
Area,  Envi ronmenta l  and Planning Law Journal  22(4) :  258-
280.

1115. Socia l  Ventures Austra l ia  2016, Socia l  Return on 
Investment Analys is of  the Gir r ingun Indigenous Protected 
Area and Associated Indigenous Ranger Programme , 
Department of  the Pr ime Min ister  & Cabinet,  Canberra.

1116. Hagihara,  R. ,  Cleguer,  C.,  Preston, S. ,  Sobtz ick,  S. , 
Hamann, M.,  Shimada, T.  and Marsh,  H. 2016, Improv ing 
the est imates of  abundance of  dugongs and large 
immature and adul t-s ized green turt les in Western and 
Centra l  Torres Stra i t :  report  to the Nat ional  Env i ronmenta l 
Science Programme ,  Reef  and Rainforest  Research Centre 
L imited, Cairns.

1117. Department of  the Envi ronment and Energy 2019, 
Submiss ion to the Envi ronment and Communicat ions 
Legis lat ion Committee Inqui ry into the Envi ronment 
Legis lat ion Amendment (Protect ing Dugongs and 
Turt les)  Bi l l  2019 .  Submiss ion 9.  Par l iament of  Austra l ia , 
Canberra.

1118. Jackson, W.J. ,  Argent,  R.M.,  Bax,  N.J. ,  Clark,  G.F. , 
Coleman, S. ,  Cresswel l ,  I .D. ,  Emmerson, K.M.,  Evans,  K. , 
Hibberd,  M.F. ,  Johnston, E.L. ,  Keywood, M.D.,  K lekociuk, 
A. ,  Mackay,  R. ,  Metcal fe,  D. ,  Murphy,  H.,  Rankin,  A. , 
Smith,  D.C. and Wienecke, B. 2017, Austra l ia  State of 
the Envi ronment 2016: Overv iew: independent report  to 
the Austra l ian Government Min ister  for  the Envi ronment 
and Energy ,  Department of  the Envi ronment and Energy, 
Canberra.

1119. Austra l ian Bureau of  Stat ist ics 2018, 5220.0 
-  Austra l ian Nat ional  Accounts:  State Accounts,  2016-
17 ,  Austra l ian Bureau of  Stat ist ics,  ht tp://www.abs.
gov.au/AUSSTATS/abs@.nsf/Deta i lsPage/5220.02016-
17?OpenDocument.

1120. Queensland Government 2018, 2018-19 Queensland 
Budget Papers,  Queensland Government.

1121. Queensland Government (Queensland Treasury) 
2017, Queensland Economy, Queensland Treasury, 
ht tps://www.treasury.q ld.gov.au/economy-and-budget/
queensland-economy/.

1122. Queensland Treasury 2018, Queensland Economy , 
The State of  Queensland, ht tps://www.treasury.q ld.gov.au/
economy-and-budget/queensland-economy/.

1123. Austra l ian Bureau of  Stat ist ics 2017, 4680.0:  
Exper imenta l  Env i ronmenta l-Economic Accounts for  the  
Great Barr ier  Reef ,  Austra l ian Bureau of  Stat ist ics,  
ht tp://www.abs.gov.au/AUSSTATS/abs@.nsf/Latestprodu 
cts/4680.0Main%20Features102017?opendocument&tabn 
ame=Summary&prodno=4680.0&issue=2017&num=&view 
=.

1124. Tour ism Research Austra l ia  2018, State of  the 
Industry 2016-17 ,  Tour ism Research Austra l ia ,  Canberra.

1125. Tour ism Research Austra l ia  2018, State Tour ism 
Sate l l i te  Accounts 2016-17 ,  Tour ism Research Austra l ia , 
Canberra.

1126. Queensland Government Stat ist ic ian’s Off ice and 
Queensland Treasury 2019, Queensland Regional  Prof i les: 
Resident Prof i le  for  Great Barr ier  Reef  Local  Government 
Area Region ,  Queensland Government,  ht tps://stat ist ics.
qgso.qld.gov.au/qld-regional-prof i les.

1127. Department of  Env i ronment and Science 2017, 
Queensland State of  the Envi ronment Report ,  The State of 
Queensland, ht tps://www.stateoftheenvi ronment.des.q ld.
gov.au/2015.

1128. Department of  Env i ronment and Her i tage Protect ion 
2015, Advancing c l imate act ion in Queensland: making 
the t rans i t ion to a low carbon future ,  Department of 
Env i ronment and Her i tage Protect ion,  Br isbane.

1129. Intergovernmenta l  Panel  on Cl imate Change 
2018, Summary for  Pol icy Makers:  An IPCC Specia l 
Report  on the impacts of  g lobal  warming of  1.5°C above 
pre- industr ia l  leve ls and re lated g lobal  greenhouse 
gas emiss ion pathways, in the context  of  st rengthening 
the g lobal  response to the threat of  c l imate change, 
susta inable development,  and ef forts to eradicate poverty , 
Intergovernmenta l  Panel  on Cl imate Change, Switzer land.

1130. Huis ingh, D.,  Zhang, Z. ,  Moore,  J.C.,  Qiao,  Q. 
and L i ,  Q. 2015, Recent advances in carbon emiss ions 
reduct ion:  pol ic ies,  technologies,  moni tor ing,  assessment 
and model ing,  Journal  of  Cleaner Product ion  103: 1-12.

1131. Stock,  P. ,  Bourne,  G. and Hussey,  K.  2017, 
Renewables:  power ing Queensland’s future ,  Cl imate 
Counci l  of  Austra l ia  L imited.

1132. Clean Energy F inance Corporat ion 2018, 
Queensland Clean Energy Case Studies ,  Clean Energy 
F inance Corporat ion,  ht tps://www.cefc.com.au/case-
studies/?tag=Queensland#.

1133. Department of  the Envi ronment and Energy (n.d. ) , 
Renewable energy ,  Commonwealth of  Austra l ia ,  ht tp://
www.envi ronment.gov.au/c l imate-change/government/
renewable-energy.

1134. van Oppen, M.J.H.,  Ol iver,  J.K. ,  Putnam, H.M. and 
Gates,  R.D. 2015, Bui ld ing cora l  reef  res i l ience through 
ass isted evolut ion,  Proceedings of  the Nat ional  Academy 
of  Sciences of  the Uni ted States of  Amer ica  112(8) :  2307-
2313.

1135. Austra l ian Government 2018, Great Barr ier  Reef 
partnerships for  the future ,  Austra l ian Government, 
ht tps://www.aims.gov.au/documents/30301/2146369/
BIO608.0418_Protect ing+the+Great+Barr ier+Reef_FAweb.
pdf/3334c8ca-08b1-ec72-0bb4-22ff69c45c1c.

1136. Marshal l ,  N.A.,  Bohensky,  E. ,  Curnock, M., 
Goldberg,  J. ,  Gooch, M.,  Pert ,  P.L. ,  Scher l ,  L. ,  Stone-
Jovic ich,  S.  and Tobin,  R.C. 2013, A Socia l  and Economic 
Long Term Monitor ing Program for  the Great Barr ier  Reef : 
Key f indings 2013: Report  to the Nat ional  Env i ronmenta l 
Research Program ,  Reef  and Rainforest  Research Centre 
L imited, Cairns.

1137. Goldberg,  J. ,  Marshal l ,  N. ,  Bi r t les,  R.A.,  Case, P. , 
Curnock, M. and Gurney,  G. 2018, On the re lat ionship 
between att i tudes and env i ronmenta l  behaviours of  key 
Great Barr ier  Reef  user groups, Ecology and Society 
23(2) :  19.

1138. Salvat ierra,  J.  and Walters,  G. 2017, The impact of 
human- induced envi ronmenta l  destruct ion on dest inat ion 
image percept ion and t ravel  behaviour:  The case of 
Austra l ia ’s Great Barr ier  Reef ,  Journal  of  Vacat ion 
Market ing  23(1) :  73-84.

1139. King,  A.D.,  Karo ly,  D.J.  and Henley,  B.J.  2017, 
Austra l ian c l imate extremes at  1.5oC and 2oC of  g lobal 
warming, Nature Cl imate Change  7:  412-416.

1140. Hoegh-Guldberg,  O. 1999, Cl imate change, cora l 
b leaching and the future of  the wor ld’s cora l  reefs,  Marine 
and Freshwater Research  50(8) :  839-866.

1141. Intergovernmenta l  Panel  on Cl imate Change 2018, 
Summary for  Pol icy Makers,  in Global  Warming of  1.5°C. 
An IPCC Specia l  Report  on the impacts of  g lobal  warming 
of  1.5°C above pre- industr ia l  leve ls and re lated g lobal 
greenhouse gas emiss ion pathways,  in the context  of 
st rengthening the g lobal  response to the threat of  c l imate 
change, susta inable development,  and ef forts to eradicate 
poverty ,  eds V.  Masson-Delmotte,  P.  Zhai ,  H.- .  Pörtner,  D. 
Roberts,  J.  Skea, P.R. Shukla,  A.  P i ran i ,  W. Moufouma-
Okia,  C. Péan, R. Pidcock, S.  Connors,  J.B.R. Matthews, 
Y.  Chen, X.  Zhou, M. I .  Gomis,  E.  Lonnoy, T.  Maycock, 
M. T ignor and T.  Water f ie ld,  Wor ld Meteorologica l 
Organizat ion,  Geneva, Switzer land.

1142. Luth i ,  D. ,  Le F loch, M.,  Bere i ter,  B. ,  Blunier,  T. , 
Barnola,  J.M.,  S iegenthaler,  U. ,  Raynaud, D.,  Jouzel ,  J. , 
F ischer,  H.,  Kawamura,  K.  and Stocker,  T.F.  2008, High-
resolut ion carbon diox ide concentrat ion record 650,000–
800,000 years before present,  Nature  453: 379-382.

1143. Fr iedr ich,  O.,  Norr is ,  R.D. and Erbacher,  J.  2012, 
Evolut ion of  middle to Late Cretaceous oceans: a 55 my 
record of  Earth’s temperature and carbon cycle,  Geology 
40(2) :  107-110.

1144. Joos, F.  and Spahni ,  R.  2008, Rates of  change in 
natura l  and anthropogenic radiat ive forc ing over the past 
20,000 years,  Proceedings of  the Nat ional  Academy of 
Sciences of  the Uni ted States of  Amer ica  105(5) :  1425-
1430.



328 REFERENCES

1145. Dlugokencky,  E.  and Tans, P.  2019, Trends in 
atmospher ic carbon diox ide:  Recent g lobal  CO2, Earth 
System Research Laboratory ,  Nat ional  Oceanic and 
Atmospher ic Administrat ion,  ht tps://www.esr l .noaa.gov/
gmd/ccgg/trends/global .html.

1146. Uni ted Nat ions 2015, Par is Agreement ,  Uni ted 
Nat ions Framework Convent ion on Cl imate Change.

1147. Henley,  B.J.  and King, A.D. 2017, Tra jector ies 
toward the 1.5°C Par is target:  Modulat ion by the 
Interdecadal  Paci f ic  Osci l lat ion,  Geophysica l  Research 
Letters  44(9) :  4256.

1148. Leach, N.J. ,  Mi l lar,  R.J. ,  Hauste in,  K. ,  Jenkins,  S. , 
Graham, E.  and Al len,  M.R. 2018, Current leve l  and rate 
of  warming determine emiss ions budgets under ambit ious 
mit igat ion,  Nature Geoscience  11:  574-579.

1149. Fr ie ler,  K. ,  Meinhausen, M.,  Gol ly,  A. ,  Mengel ,  M., 
Lebek, K. ,  Donner,  S.D. and Hoegh-Guldberg,  O. 2013, 
L imit ing g lobal  warming to 2oC is unl ike ly to save most 
cora l  reefs,  Nature Cl imate Change  3:  165-170.

1150. Schleussner,  C.F. ,  L issner,  T.K.,  F ischer,  E.M., 
Wohland, J. ,  Perret te,  M.,  Gol ly,  A. ,  Rogel j ,  J . ,  Chi lders, 
K. ,  Schewe, J. ,  Fr ie ler,  K. ,  Mengel ,  M.,  Hare,  W. and 
Schaeffer,  M. 2016, Di fferent ia l  c l imate impacts for  pol icy-
re levant l imi ts to g lobal  warming: the case of  1.5 °C and 2 
°C, Earth System Dynamics  7 (2) :  327-351.

1151. CSIRO and Bureau of  Meteorology 2015, Cl imate 
Change in Austra l ia  Pro ject ions for  Austra l ia ’s Natura l 
Resource Management Regions:  Technica l  Report ,  CSIRO 
and Bureau of  Meteorology,  Austra l ia .

1152. Ol iver,  E.C.J. ,  Donat,  M.G.,  Burrows, M.T. ,  Moore, 
P.J. ,  Smale,  D.A.,  A lexander,  L.V. ,  Benthuysen, J.A. , 
Feng, M.,  Sen Gupta,  A. ,  Hobday, A.J. ,  Holbrook, N.J. , 
Perk ins-Kirkpatr ick,  S. ,  Scannel l ,  H.A.,  Straub, S.C. and 
Wernberg,  T.  2018, Longer and more f requent mar ine 
heatwaves over the past century,  Nature Communicat ions 
9 (1) :  1324-1324.

1153. Bureau of  Meteorology 2018, Annual  Cl imate 
Statement 2017 ,  Bureau of  Meteorology,  ht tp://www.bom.
gov.au/c l imate/current/annual/aus/2017/.

1154. King,  A. ,  Karo ly,  D. ,  Black,  M.,  Hoegh-Guldberg, 
O. and Perk ins-Kirkpatr ick,  S.  2016, Great Barr ier  Reef 
b leaching would be a lmost impossib le wi thout c l imate 
change, The Conversat ion ,  29 Apr i l  2016.

1155. Rayner,  N.,  Parker,  D.E. ,  Horton,  E.B.,  Fol land, 
C.K.,  A lexander,  L.V. ,  Rowel l ,  D.P.,  Kent,  E.C. and Kaplan, 
A.  2003, Global  analyses of  sea sur face temperature, 
sea ice,  and n ight mar ine a i r  temperature s ince the late 
n ineteenth century,  Journal  of  Geophysica l  Research: 
Atmospheres  108(D14).

1156. CSIRO 2016, State of  the Cl imate 2016 ,  CSIRO, 
Canberra.

1157. Levermann, A. ,  Clark,  P.U.,  Marzeion,  B. ,  Mi lne, 
G.A.,  Pol lard,  D.,  Radic,  V.  and Robinson, A.  2013, The 
mult imi l lennia l  sea- leve l  commitment of  g lobal  warming, 
Proceedings of  the Nat ional  Academy of  Sciences of  the 
Uni ted States of  Amer ica  110(34) :  13745-13750.

1158. Clark,  P.U.,  Mix,  A.C.,  Eby,  M.,  Levermann, A. , 
Rogel j ,  J . ,  Nauels,  A.  and Wrathal l ,  D.J.  2018, Sea- leve l 
commitment as a gauge for  c l imate pol icy,  Nature Cl imate 
Change  8:  653-655.

1159. Gattuso, J.P. ,  Magnan, A. ,  Bi l lé ,  R. ,  Cheung, 
W.W.L.,  Howes, E.L. ,  Joos,  F. ,  A l lemand, D.,  Bopp, L. , 
Cooley,  S.R.,  Eakin,  C.M.,  Hoegh-Guldberg,  O.,  Kel ly, 
R.P.,  Pörtner,  H.O.,  Rogers,  A.D.,  Baxter,  J.M.,  Laffo ley, 
D.,  Osborn,  D.,  Rankovic,  A. ,  Rochette,  J. ,  Sumai la, 
U.R.,  Treyer,  S.  and Tur ley,  C. 2015, Contrast ing futures 
for  ocean and society f rom di fferent anthropogenic CO2 
emiss ions scenar ios,  Science  349(6243):  aac4722.

1160. Beckley,  B.D.,  Cal lahan, P.S.,  Hancock, D.W., 
Mitchum, G.T.  and Ray,  R.D. 2017, On the “Cal-Mode” 
correct ion to TOPEX sate l l i te  a l t imetry and i ts  effect 
on the g lobal  mean sea leve l  t ime ser ies,  Journal  of 
Geophysica l  Research: Oceans  122(11) :  8371-8384.

1161. Gruber,  N.,  Clement,  D.,  Carter,  B.R.,  Feely,  R.A., 
Van Heuven, S. ,  Hoppema, M.,  Ish i i ,  M.,  Key,  R.M., 
Kozyr,  A.  and Lauvset,  S.K. 2019, The oceanic s ink 
for  anthropogenic CO2 f rom 1994 to 2007, Science 
363(6432):  1193-1199.

1162. Cao, L.  and Caldei ra,  K.  2008, Atmospher ic 
CO2 stabi l izat ion and ocean acid i f icat ion,  Geophysica l 
Research Letters  35:  L19609.

1163. Ridgwel l ,  A.  and Schmidt,  D.N. 2010, Past 
constra ints on the vu lnerabi l i ty  of  mar ine calc i f iers to 

massive carbon diox ide re lease,  Nature Geoscience  3 (3) : 
196.

1164. Chr istensen, J.H.,  Kanik ichar la,  K.K.,  A ldr ian, 
E. ,  An, S. ,  Cavalcant i ,  I .F.A. ,  de Castro,  M.,  Dong, W., 
Goswami,  P. ,  Hal l ,  A. ,  Kanyanga, J.K. ,  K i toh,  A. ,  Kossin, 
J. ,  Lau, N.C.,  Renwick,  J. ,  Stephenson, D.B.,  X ie, 
S.P. and Zhou, T.  2013, Cl imate phenomena and thei r 
re levance for  future regional  c l imate change, in Cl imate 
Change 2013: The Physica l  Science Basis.  Contr ibut ions 
of  Work ing Group I  to the F i f th Assessment Report  of 
the Intergovernmenta l  Panel  on Cl imate Change ,  eds T.F. 
Stocker,  D.  Qin,  G.K. Plat tner,  M. T ignor,  S.K. Al len,  J. 
Boschung, A.  Nauels,  Y.  X ia,  V.  Bex and P.M. Midgley, 
Cambr idge Univers i ty  Press,  UK, pp. 1217-1308.

1165. Walsh,  K.J. ,  McBr ide,  J.L. ,  K lotzbach, P.J. , 
Balachandran, S. ,  Camargo, S.J. ,  Hol land, G.,  Knutson, 
T.R.,  Kossin,  J.P. ,  Lee,  T.  and Sobel ,  A.  2016, Tropica l 
cyc lones and c l imate change, Wiley Interd isc ip l inary 
Reviews: Cl imate Change  7 (1) :  65-89.

1166. Emanuel ,  K.A. 2013, Downscal ing CMIP5 c l imate 
models shows increased tropica l  cyc lone act iv i ty  over the 
21st century,  Proceedings of  the Nat ional  Academy of 
Sciences of  the Uni ted States of  Amer ica  110(30) :  12219-
12224.

1167. Hol land, G. and Bruyère,  C.L.  2014, Recent intense 
hurr icane response to g lobal  c l imate change, Cl imate 
Dynamics  42(3-4) :  617-627.

1168. Parker,  C.L. ,  Bruyère,  C.L. ,  Mooney,  P.A. and 
Lynch, A.H. 2018, The response of  land-fa l l ing t ropica l 
cyc lone character ist ics to pro jected c l imate change in 
northeast Austra l ia ,  Cl imate Dynamics  51(9-10) :  3467-
3485.

1169. Patr ico la,  C.M. and Wehner,  M.F.  2018, 
Anthropogenic in f luences on major t ropica l  cyc lone 
events,  Nature  563(7731):  339.

1170. Sherwood, S.C.,  Roca, R.,  Weckwerth,  T.M. 
and Andronova, N.G. 2010, Tropospher ic water vapor, 
convect ion,  and c l imate,  Reviews of  Geophysics  48(2) : 
RG2001.

1171. F ischer,  E.M. and Knutt i ,  R.  2015, Anthropogenic 
contr ibut ion to g lobal  occurrence of  heavy-precip i tat ion 
and h igh-temperature extremes, Nature Cl imate Change 
5 (6) :  560-565.

1172. Wang, C.,  Deser,  C.,  Yu,  J. ,  DiNezio,  P.  and 
Clement,  A.  2017, E l  Nino and southern osci l lat ion 
(ENSO):  a rev iew, in Coral  Reefs of  the Eastern Tropica l 
Paci f ic  Spr inger ,  pp. 85-106.

1173. Cai ,  W.,  Bor lace,  S. ,  Lengaigne, M.,  van Rensch, 
P. ,  Col l ins,  M.,  Vecchi ,  G.,  T immermann, A. ,  Santoso, 
A. ,  McPhaden, M.J. ,  Wu, L. ,  England, M.H.,  Wang, G., 
Gui lyard i ,  E.  and J in,  F.F.  2014, Increasing f requency 
of  extreme El  Niño events due to greenhouse warming, 
Nature Cl imate Change  4:  111-116.

1174. Freund, M.B.,  Henley,  B.J. ,  Karo ly,  D.J. ,  McGregor, 
H.V. ,  Abram, N.J.  and Dommenget,  D. 2019, Higher 
f requency of  Centra l  Paci f ic  E l  Niño events in recent 
decades re lat ive to past centur ies,  Nature Geoscience  12: 
450-455.

1175. Ummenhofer,  C.C.,  Sen Gupta,  A. ,  England, M.H., 
Taschetto,  A.S.,  Br iggs,  P.R. and Raupach, M.R. 2015, 
How did ocean warming affect  Austra l ian ra infa l l  extremes 
dur ing the 2010/2011 La Niña event? Geophysica l 
Research Letters  42(22) :  9942-9951.

1176. Cai ,  W.,  Santoso, A. ,  Wang, G.,  Yeh, S.W.,  An, 
S. I . ,  Cobb, K.M.,  Col l ins,  M.,  Gui lyard i ,  E. ,  J in,  F. ,  Kug, 
J.S. ,  Lengaigne, M.,  McPhaden, M.J. ,  Takahashi ,  K. , 
T immermann, A. ,  Vecchi ,  G.,  Watanabe, M. and Wu, L. 
2015, ENSO and greenhouse warming, Nature Cl imate 
Change  5:  849-859.

1177. Graham, N.A. 2014, Habi tat  complex i ty :  cora l 
st ructura l  loss leads to f isher ies decl ines,  Current Bio logy 
24(9) :  R359-R361.

1178. Graham, N.A.J. ,  Jennings,  S. ,  MacNei l ,  M.A., 
Moui l lot ,  D.  and Wi lson, S.K. 2015, Predict ing c l imate-
dr iven regime shi f ts versus rebound potent ia l  in  cora l 
reefs,  Nature  518(7537):  94-97.

1179. Cinner,  J.E. ,  Pratchett ,  M.S.,  Graham, N.A.J. , 
Messmer,  V. ,  Fuentes,  M.M.P.B.,  A insworth,  T. ,  Ban, 
N.,  Bay,  L.K.,  Blythe,  J. ,  Dissard,  D.,  Dunn, S. ,  Evans, 
L. ,  Fabiny i ,  M.,  F ide lman, P. ,  F iguei redo, J. ,  Fr isch, 
A.J. ,  Fu l ton,  C.J. ,  Hicks,  C.C.,  Lukoschek, V. ,  Mal le la, 
J. ,  Moya, A. ,  Penin,  L. ,  Rummer,  J.L. ,  Walker,  S.  and 
Wi l l iamson, D.H. 2016, A f ramework for  understanding 



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 329

cl imate change impacts on cora l  reef  socia l-ecologica l 
systems, Regional  Env i ronmenta l  Change  16(4) :  1133-
1146.

1180. Jokie l ,  P.L.  and Coles,  S.L.  1990, Response of 
Hawai ian and other Indo-Paci f ic  reef  cora ls to e levated 
temperature,  Coral  Reefs  8 (4) :  155-162.

1181. Campbel l ,  S.J. ,  McKenzie,  L.J.  and Kerv i l le , 
S.P. 2006, Photosynthet ic responses of  seven t ropica l 
seagrasses to e levated seawater temperature,  Journal  of 
Exper imenta l  Mar ine Bio logy and Ecology  330(2) :  455-468.

1182. Col l ier,  C.J. ,  Uth icke,  S.  and Waycott ,  M. 2011, 
Thermal  to lerance to two seagrass species at  contrast ing 
l ight  leve ls:  impl icat ions for  future d ist r ibut ion in the Great 
Barr ier  Reef ,  Limnology and Oceanography  56(6) :  2200-
2210.

1183. Col l ier,  C.J.  and Waycott ,  M. 2014, Temperature 
extremes reduce seagrass growth and induce morta l i ty, 
Marine Pol lut ion Bul let in  83(2) :  483-490.

1184. Ar ias-Ort iz ,  A. ,  Serrano, O.,  Masqué, P. ,  Lavery, 
P.S.,  Muel ler,  U. ,  Kendr ick,  G.A.,  Rozaimi ,  M.,  Esteban, 
A. ,  Fourqurean, J.W. and Marbà, N. 2018, A mar ine 
heatwave dr ives massive losses f rom the wor ld’s largest 
seagrass carbon stocks,  Nature Cl imate Change  8 (4) :  338.

1185. Duke, N.C.,  Kovacs,  J.M.,  Gr i f f i ths,  A.D.,  Preece, 
L. ,  Hi l l ,  D.J.E. ,  Van Oosterzee,  P. ,  Mackenzie,  J. ,  Morning, 
H.S. and Burrows, D. 2017, Large-scale d ieback of 
mangroves in Austra l ia ’s Gul f  of  Carpentar ia:  a severe 
ecosystem response, coinc identa l  wi th an unusual ly 
extreme weather event,  Marine and Freshwater Research 
68(10) :  1816-1829.

1186. Val le,  M.,  Chust,  G.,  de l  Campo, A. ,  W isz,  M.S., 
Olsen, S.M.,  Garmendia,  J.M. and Bor ja,  Á 2014, 
Pro ject ing future d ist r ibut ion of  the seagrass Zostera 
nol t i i  under g lobal  warming and sea leve l  r ise,  Biologica l 
Conservat ion  170: 74-85.

1187. Kuffner,  I .B. ,  Andersson, A.J. ,  Jokie l ,  P.L. ,  Ku‘u le i , 
S.R. and Mackenzie,  F.T.  2008, Decreased abundance of 
crustose cora l l ine a lgae due to ocean acid i f icat ion,  Nature 
Geoscience  1 (2) :  114.

1188. Anthony,  K.R.N. and Marshal l ,  P.  2012, Cora l  Reefs, 
in A mar ine c l imate change impacts and adapt ion report 
card Austra l ia  2012 ,  eds E.S. Poloczanska, A.J.  Hobday 
and A.J.  Richardson, CSIRO, Canberra.

1189. Anthony,  K.R.N.,  K l ine,  D. I . ,  Diaz-Pul ido,  G.,  Dove, 
S.  and Hoegh-Guldberg,  O. 2008, Ocean acid i f icat ion 
causes b leaching and product iv i ty  loss in cora l  reef 
bui lders,  Proceedings of  the Nat ional  Academy of 
Sciences of  the Uni ted States of  Amer ica  105(45) :  17442-
17446.

1190. van Hooidonk, R.,  Maynard,  J.A. ,  Manzel lo,  D. 
and Planes,  S.  2014, Opposi te lat i tudina l  gradients in 
pro jected ocean acid i f icat ion and bleaching impacts on 
cora l  reefs,  Global  Change Bio logy  20(1) :  103-112.

1191. Si lverman, J. ,  Schneider,  K. ,  K l ine,  D. I . ,  R iv l in ,  T. , 
Riv l in ,  A. ,  Hamylton,  S. ,  Lazar,  B. ,  Erez,  J.  and Caldei ra, 
K.  2014, Community ca lc i f icat ion in L izard Is land, Great 
Barr ier  Reef :  A 33 year perspect ive,  Geochimica et 
Cosmochimica Acta  144: 72-81.

1192. Albr ight ,  R. ,  Caldei ra,  L. ,  Hosfe l t ,  J. ,  Kwiatkowski , 
L. ,  Maclaren,  J.K. ,  Mason, B.M.,  Nebuchina,  Y. , 
Ninokawa, A. ,  Pongratz,  J.  and Ricke,  K.L.  2016, 
Reversal  of  ocean acid i f icat ion enhances net cora l  reef 
ca lc i f icat ion,  Nature  531(7594):  362.

1193. McInerney,  F.A.  and Wing, S.L.  2011, The 
Paleocene-Eocene Thermal  Maximum: A perturbat ion of 
carbon cycle,  c l imate,  and biosphere with impl icat ions for 
the future,  Annual  Review of  Earth and Planetary Sciences 
39:  489-516.

1194. Pörtner,  H.,  Kar l ,  D.M.,  Boyd, P.W.,  Cheung, W., 
L luch-Cota,  S.E. ,  Noj i r i ,  Y. ,  Schmidt,  D.N.,  Zav ia lov, 
P.O.,  A lhe i t ,  J.  and Ar istegui ,  J.  2014, Ocean systems, 
in Cl imate Change 2014: Impacts,  Adaptat ion,  and 
Vulnerabi l i ty.  Part  A:  Global  and Sectora l  Aspects. 
Contr ibut ion of  Work ing Group I I  to the F i f th Assessment 
Report  of  the Intergovernmenta l  Panel  on Cl imate Change 
Cambr idge Univers i ty  Press,  pp. 411-484.

1195. Col l ins,  M.,  Knutt i ,  R. ,  Arblaster,  J. ,  Dufresne, 
J. ,  F ichefet ,  T. ,  Fr iedl ingste in,  P. ,  Gao, X. ,  Gutowski , 
W.,  Johns, T.  and Kr inner,  G. 2013, Long-term c l imate 
change: pro ject ions,  commitments and i r revers ib i l i ty, 
in Cl imate Change 2013: The Physica l  Science Basis. 
Contr ibut ion of  Work ing Group I  to the F i f th Assessment 
Report  of  the Intergovernmenta l  Panel  on Cl imate Change , 

eds T.F.  Stocker,  D.  Qin,  G.- .  P lat tner,  M. T ignor,  S.K. 
Al len,  J.  Boschung, A.  Nauels,  Y.  X ia,  V.  Bex and P.M. 
Midgley,  Cambr idge Univers i ty  Press,  Cambr idge, Uni ted 
Kingdom.

1196. Nichol ls ,  R.J. ,  Brown, S. ,  Goodwin,  P. ,  Wahl , 
T. ,  Lowe, J. ,  Solan,  M.,  Godbold,  J.A. ,  Haigh,  I .D. , 
L incke, D.,  Hinkel ,  J. ,  Wol ff ,  C.  and Merkens,  J.L.  2018, 
Stabi l izat ion of  g lobal  temperature at  1.5°C and 2.0°C: 
impl icat ions for  coasta l  areas,  Phi losophica l  t ransact ions.
Ser ies A,  Mathemat ica l ,  phys ica l ,  and engineer ing 
sc iences  376(2119):  20160448.

1197. Vermei j ,  G.J.  1978, Biogeography and Adaptat ion: 
Patterns of  Mar ine L i fe ,  Harvard Univers i ty  Press.

1198. Pörtner,  H.O. and Farre l l ,  A.P.  2008, Physio logy and 
c l imate change, Science  322(5902):  690-692.

1199. Pratchett ,  M.,  Messmer,  V. ,  Reynolds,  A. ,  Clark,  T. , 
Munday, P.L. ,  Tobin,  A.J.  and Hoey, A.  2013, Effects of 
Cl imate Change on Reproduct ion,  Larva l  Development, 
and Adul t  Heal th of  Cora l  Trout (P lectopomus spp). 
FRDC project  No: 2010/554 ,  F isher ies Research and 
Development Corporat ion,  Canberra.

1200. Pratchett ,  M.S.,  W i lson, S.K.,  Berumen, M.L. 
and McCormick,  M. I .  2004, Sublethal  effects of  cora l 
b leaching on an obl igate cora l  feeding butter f ly f ish,  Coral 
Reefs  23(3) :  352-356.

1201. Poloczanska, E.S.,  Brown, C.J. ,  Sydeman, W.J. , 
K iess l ing,  W.,  Schoeman, D.S.,  Moore,  P.J. ,  Brander,  K. , 
Bruno, J.F. ,  Buckley,  L.B.,  Burrows, M.T. ,  Duarte,  C.M., 
Halpern,  B.S.,  Hold ing,  J. ,  Kappel ,  C.V. ,  O’Connor,  M. I . , 
Pandol f i ,  J .M.,  Parmesan, C.,  Schwing, F. ,  Thompson, 
S.A. and Richardson, A.J.  2013, Global  impr int  of  c l imate 
change on mar ine l i fe ,  Nature Cl imate Change  3:  919-925.

1202. Blaber,  S.J.M.,  Mi l ton,  D.A.,  Farmer,  M.J.  and 
Smith,  G.C. 1998, Seabird breeding populat ions on the 
far  northern Great Barr ier  Reef ,  Austra l ia :  t rends and 
inf luences,  Emu 98(1) :  44-57.

1203. Smithers,  B.V. ,  Peck, D.R.,  Krockenberger,  A.K. and 
Congdon, B.C. 2003, E levated sea-sur face temperature, 
reduced prov is ion ing and reproduct ive fa i lure of  wedge-
ta i led shearwaters (Puf f inus paci f icus)  in  the southern 
Great Barr ier  Reef ,  Austra l ia ,  Marine and Freshwater 
Research  54(8) :  973-977.

1204. Dyer,  P.K.,  O’Nei l l ,  P.  and Hulsman, K.  2005, 
Breeding numbers and populat ion t rends of  wedge-ta i led 
shearwater (Puf f inus paci f icus)  and black noddy (Anous 
minutus)  in  the Capr icorn Cays,  southern Great Barr ier 
Reef ,  Emu  105: 249-257.

1205. Booth,  D.J. ,  F iguei ra,  W.F. ,  Gregson, M.,  Brown, 
L.  and Beretta,  G. 2007, Occurrence of  t ropica l  f ishes 
in temperate southeastern Austra l ia :  ro le of  the East 
Austra l ian Current,  Estuar ine,  Coasta l  and Shel f  Science 
72(1-2) :  102-114.

1206. F iguei ra,  W.F.  and Booth,  D.J.  2010, Increasing 
ocean temperatures a l low tropica l  f ishes to surv ive 
overwinter  in temperate waters,  Global  Change Bio logy 
16:  506-516.

1207. Brown, C.J. ,  O’Connor,  M. I . ,  Poloczanska, E.S., 
Schoeman, D.S.,  Buckley,  L.B.,  Burrows, M.T. ,  Duarte, 
C.M.,  Halpern,  B.S.,  Pandol f i ,  J .M. and Parmesan, C. 
2016, Ecologica l  and methodologica l  dr ivers of  species’ 
d ist r ibut ion and phenology responses to c l imate change, 
Global  Change Bio logy  22(4) :  1548-1560.

1208. L ing,  S.  and Johnson, C. 2009, Populat ion 
dynamics of  an ecologica l ly  important range-extender: 
ke lp beds versus sea urchin barrens,  Marine Ecology 
Progress Ser ies  374: 113-125.

1209. Cameron, K.A. and Harr ison, P.L.  2016, Patterns 
of  sc leract in ian cora l  recru i tment at  Lord Howe Is land, an 
iso lated subtropica l  reef  off  eastern Austra l ia ,  Coral  Reefs 
35(2) :  555-564.

1210. Hicks,  C.C. 2011, How do we va lue our reefs? 
Risks and t radeoffs across scales in “b iomass-based” 
economies,  Coasta l  Management  39(4) :  358-376.

1211. Barange, M.,  Mer ino,  G.,  Blanchard,  J. ,  Schol tens, 
J. ,  Har le,  J. ,  A l l ison,  E. ,  A l len,  J. ,  Hol t ,  J.  and Jennings, 
S.  2014, Impacts of  c l imate change on mar ine ecosystem 
product ion in societ ies dependent on f isher ies,  Nature 
Cl imate Change 4(3) :  211.

1212. Chen, P. ,  Chen, C.,  Chu, L.  and McCar l ,  B.  2015, 
Evaluat ing the economic damage of  c l imate change on 
g lobal  cora l  reefs,  Global  Env i ronmenta l  Change  30:  12-
20.



330 REFERENCES

1213. Guannel ,  G.,  Arkema, K.,  Ruggiero,  P.  and Verutes, 
G. 2016, The power of  three:  cora l  reefs,  seagrasses and 
mangroves protect coasta l  regions and increase the i r 
res i l ience, PLoS ONE  11(7) :  e0158094.

1214. Harr is ,  D.L. ,  Rovere,  A. ,  Casel la,  E. ,  Power,  H., 
Canavesio,  R. ,  Col l in ,  A. ,  Pomeroy,  A. ,  Webster,  J.M. 
and Parrav ic in i ,  V.  2018, Cora l  reef  st ructura l  complex i ty 
prov ides important coasta l  protect ion f rom waves under 
r is ing sea leve ls,  Science Advances  4 (2) :  eaao4350.

1215. Cheung, W.W.,  Reygondeau, G. and Fro l icher,  T.L. 
2016, Large benef i ts  to mar ine f isher ies of  meet ing the 
1.5oC global  warming target,  Science  354(6319):  1591-
1594.

1216. Wu, X. ,  Lu,  Y. ,  Zhou, S. ,  Chen, L.  and Xu, B. 2016, 
Impact of  c l imate change on human infect ious d iseases: 
Empir ica l  ev idence and human adaptat ion,  Envi ronment 
Internat ional  86:  14-23.

1217. Wor ld Heal th Organizat ion 2014, Quant i tat ive 
r isk assessment of  the ef fects of  c l imate change on 
se lected causes of  death,  2030s and 2050s ,  Wor ld Heal th 
Organizat ion.

1218. Wheeler,  T.  and von Braun, J.  2013, Cl imate change 
impacts on g lobal  food secur i ty,  Science  341(6145):  508-
513.

1219. Great Barr ier  Reef  Water Science Taskforce and 
Off ice of  the Great Barr ier  Reef  2016, Final  Report : 
Great Barr ier  Reef  Water Science Taskforce ,  Queensland 
Government,  Br isbane.

1220. Austra l ian Bureau of  Stat ist ics 2013, Quick Stats 
2011 ,  Austra l ian Bureau of  Stat ist ics,  ht tp://quickstats.
censusdata.abs.gov.au/census_serv ices/getproduct/
census/2011/quickstat/0.

1221. Department of  Science, Informat ion Technology, 
Innovat ion and the Arts 2018, Queensland Land Use 
Mapping Program (QLUMP) Land Use Summary Reports 
2009 to 2016 ,  Queensland Government,  Br isbane.

1222. Department of  Agr icu l ture and F isher ies 2018, 
AgTrends update Apr i l  2018: at  a g lance ,  State of 
Queensland, Br isbane.

1223. Waterhouse, J. ,  Schaffe lke,  B. ,  Bart ley,  R. , 
Eberhard,  R. ,  Brodie,  J. ,  Star,  M.,  Thorburn,  P. ,  Rol fe, 
J. ,  Ronan, M.,  Tay lor,  B.  and Kroon, F.  2017, Scient i f ic 
Consensus Statement:  A synthesis of  the sc ience of 
land-based water qual i ty  impacts on the Great Barr ier 
Reef ,  Chapter 5:  Overv iew of  key f indings,  management 
impl icat ions and knowledge gaps ,  State of  Queensland, 
Br isbane.

1224. Department of  Natura l  Resources and Mines 2019, 
Coal  product ion stat ist ics:  Data 2018 calendar year and 
Coal  industry 5 year summary ,  State of  Queensland.

1225. Department of  Natura l  Resources and Mines 2017, 
Queensland coal :  mines and advanced pro jects (Ju ly 
2017) ,  Queensland Government,  Br isbane.

1226. Department of  Env i ronment and Resource 
Management 2012, Queensland Coasta l  P lan ,  Queensland 
Government,  Br isbane.

1227. Fearon, R.J.  2017, Industry d iscussion paper: 
Sewage treatment p lants in Great Barr ier  Reef 
catchments,  March 2017 ,  Queensland Water Di rectorate, 
Br isbane.

1228. Mackay-Whitsunday Heal thy Rivers to Reef 
Partnership 2018, Resul ts for  the Mackay-Whitsunday 
2016 Report  Card:  Env i ronmenta l  Indicators,  DRAFT 
Technica l  Report ,  Mackay-Whitsunday Heal thy Rivers to 
Reef  Partnership,  Mackay.

1229. Mackay-Whitsunday Heal thy Rivers to Reef 
Partnership 2018, Methods for  the Mackay-Whitsunday 
2017 Report  Card:  Env i ronmenta l  Indicators,  Technica l 
Report ,  Mackay-Whitsunday Heal thy Rivers to Reef 
Partnership,  Mackay.

1230. Mackay-Whitsunday Heal thy Rivers to Reef 
Partnership 2018, Resul ts for  the Mackay-Whitsunday 
2017 Report  Card:  Env i ronmenta l  Indicators,  Technica l 
Report ,  Mackay-Whitsunday Heal thy Rivers to Reef 
Partnership,  Mackay.

1231. Wet Tropics Heal thy Waterways Partnership 
and Terra in NRM 2018, Wet Tropics Report  Card 2018 
( report ing on data 2016-17) Waterway Envi ronments: 
Resul ts ,  Wet Tropics Heal thy Waterways Partnership 2018, 
Inn is fa i l .

1232. Waltham, N.J.  and Sheaves,  M. 2015, Expanding 
coasta l  urban and industr ia l  seascape in the Great Barr ier 

Reef  Wor ld Her i tage Area:  Cr i t ica l  need for  coordinated 
planning and pol icy,  Marine Pol icy  57:  78-84.

1233. Cape York Natura l  Resource Management and 
South Cape York Catchments 2016, Eastern Cape York 
Water Qual i ty  Improvement Plan:  Draf t  for  Community 
Consul tat ion ,  Cape York Natura l  Resource Management, 
Cooktown, Qld.

1234. Queensland Government 2016, Queensland 
Aquacul ture Pol icy Statement ,  Department of  F isher ies 
and Agr icu l ture,  Br isbane.

1235. Department of  Agr icu l ture and F isher ies 2017, 
Annual  Report  2016-2017 ,  Queensland Department of 
Agr icu l ture and F isher ies,  Br isbane.

1236. Department of  the Envi ronment and Energy 2017, 
Austra l ian Government response to the Joint  Select 
Committee on Northern Austra l ia  report .  Scal ing up: 
Inqui ry into opportuni t ies for  expanding aquacul ture in 
Northern Austra l ia ,  Austra l ian Government,  Canberra.

1237. Queensland Government 2018, Ross Lobegeiger 
report  to farmers:  aquacul ture product ion summary 
for  Queensland 2017–18 ,  Department of  F isher ies and 
Agr icu l ture,  Br isbane.

1238. Department of  Transport  and Main Roads 2018, 
‘Queensland mar ine access fac i l i t ies dredging and 
disposal  data 2012-2018’,  [Unpubl ished data] .

1239. Queensland Parks and Wi ld l i fe  Serv ice 2016, 
Queensland Ecotour ism Plan 2016–2020 ,  Department of 
Nat ional  Parks,  Sport  and Racing, Br isbane.

1240. Waterhouse, J. ,  Brodie,  J. ,  Tracey,  D.,  Smith,  R. , 
Vandergragt,  M.,  Col l ier,  C.,  Petus,  C.,  Bai rd,  M.,  Kroon, 
F. ,  Mann, R.,  Sutc l i f fe ,  T. ,  Waters,  D. and Adame, F.  2017, 
Scient i f ic  Consensus Statement 2017: A synthesis of  the 
sc ience of  land-based water qual i ty  impacts on the Great 
Barr ier  Reef ,  Chapter 3:  The r isk f rom anthropogenic 
pol lutants to Great Barr ier  Reef  coasta l  and mar ine 
ecosystems ,  State of  Queensland, Br isbane.

1241. State of  Queensland 2017, Coasta l  Catchment 
Management:  Spr ingvale Stat ion ,  ht tps://www.qld.gov.au/
envi ronment/coasts-waterways/catchment-management/
spr ingvale-stat ion.

1242. Department of  Env i ronment and Science 2018, 
Spr ingvale Stat ion Eros ion Management Plan ,  State of 
Queensland, Br isbane.

1243. Department of  Industry,  Innovat ion and Science 
2019, Northern Austra l ia  agenda ,  Austra l ian Government, 
ht tps://www.industry.gov.au/strategies-for-the-future/
northern-austra l ia-agenda.

1244. Tanimoto,  M.,  Robins,  J. ,  O’Nei l l ,  M.F. ,  Hal l iday, 
I .A.  and Campbel l ,  A.B. 2012, Quant i fy ing the effects of 
c l imate change and water abstract ion on a populat ion 
of  barramundi  (Lates calcar i fer ) ,  a d iadromous estuar ine 
f in f ish,  Marine and Freshwater Research  63(8) :  715-726.

1245. Robins,  J.B.,  Hal l iday,  I . ,  Staunton-Smith,  J. , 
Mayer,  D.G. and Sel l in ,  M.J.  2005, Freshwater- f low 
requirements of  estuar ine f isher ies in t ropica l  Austra l ia : 
a rev iew of  the state of  knowledge and appl icat ion of  a 
suggested approach, Marine and Freshwater Research 
56(3) :  343-360.

1246. Stoessel ,  D.J. ,  Morrongie l lo,  J.R.,  Raadik,  T.A. , 
Lyon, J.  and Fai rbrother,  P.  2018, Is  c l imate change 
dr iv ing recru i tment fa i lure in Austra l ian bass Macquar ia 
novemaculeata in southern lat i tudes of  the species range? 
Marine and Freshwater Research  69(1) :  24-36.

1247. CRC CARE 2018, Remediat ing and managing 
coasta l  ac id su l fate soi ls  us ing L ime Assisted Tidal 
Exchange (LATE) at  East Tr in i ty,  Queensland, Technica l 
Report  No. 41 ,  Contaminat ion Assessment and 
Remediat ion of  the Envi ronment,  Newcast le.

1248. Luke, H.,  Martens,  M.A.,  Moon, E.M.,  Smith,  D., 
Ward, N.J.  and Bush, R.T.  2017, Ecologica l  restorat ion 
of  a severe ly degraded coasta l  ac id su l fate soi l :  A case 
study of  the East Tr in i ty  wet land, Queensland, Ecologica l 
Management & Restorat ion  18(2) :  103-114.

1249. Envi ronmenta l  Protect ion (Chain of  Responsib i l i ty ) 
Amendment Act 2016  (Qld) .

1250. Department of  Env i ronment and Her i tage Protect ion 
2017, Annual  Report  2016-2017 ,  State of  Queensland, 
Br isbane.

1251. Department of  Env i ronment and Science 2018, 
Draft  Rev iew of  Queensland’s Envi ronmenta l  Chain of 
Responsib i l i ty  Laws ,  State of  Queensland, Br isbane.



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 331

1252. Lee, K.H. 2017, Does s ize matter? Evaluat ing 
corporate env i ronmenta l  d isc losure in the Austra l ian 
min ing and meta l  industry:  A combined approach of 
quant i ty  and qual i ty  measurement,  Business Strategy and 
the Envi ronment  26:  209-223.

1253. Lokuwaduge, C.S.D.S. and Heenet iga la,  K.  2017, 
Integrat ing env i ronmenta l ,  socia l  and governance (ESG) 
d isc losure for  a susta inable development:  an Austra l ian 
study,  Business Strategy and the Envi ronment  26(4) :  438-
450.

1254. Grant,  S. ,  Gal len,  C.,  Thompson, K. ,  Paxman, C. 
and Muel ler,  J.  2017, Marine Monitor ing Program. Annual 
Report  for  Inshore Pest ic ide Monitor ing:  2015 to 2016. 
Report  for  the Great Barr ier  Reef  Mar ine Park Author i ty , 
Great Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

1255. Commonwealth of  Austra l ia  and Queensland 
Government.  2016, Catchment pol lutant loads model l ing 
methods ,  Queensland Government,  Br isbane.

1256. CSIRO (n.d. ) ,  Great Barr ier  Reef  Discussion Paper 
No. 2 ,  CSIRO.

1257. Queensland Audi t  Off ice 2018, Fol low-up of 
Managing Water Qual i ty  in Great Barr ier  Reef  Catchments. 
Report  16:  2018–19 ,  The State of  Queensland, Br isbane.

1258. Darnel l ,  R. ,  Henderson, B.,  Kroon, F.J.  and Kuhnert , 
P.  2012, Stat ist ica l  power of  detect ing t rends in tota l 
suspended sediment loads to the Great Barr ier  Reef , 
Marine Pol lut ion Bul let in  65:  203-209.

1259. Kroon, F.J. ,  Schaffe lke,  B.  and Bart ley,  R.  2014, 
Informing pol icy to protect coasta l  cora l  reefs:  Ins ight 
f rom a g lobal  rev iew of  reducing agr icu l tura l  pol lut ion to 
coasta l  ecosystems, Marine Pol lut ion Bul let in  85(1) :  33-
41.

1260. Waters,  D.K.,  Carro l l ,  C. ,  E l l is ,  R. ,  Hate ley,  L. , 
McCloskey,  J. ,  Packett ,  R. ,  Dougal l ,  C.  and Fent ie,  B. 
2014, Model l ing reduct ions of  pol lutant loads due to 
improved management pract ices in the Great Barr ier  Reef 
catchments:  Whole GBR, Volume 1 ,  Department of  Natura l 
Resources and Mines,  Br isbane.

1261. Great Barr ier  Reef  Mar ine Park Author i ty  2010, 
Water Qual i ty  Guidel ines for  the Great Barr ier  Reef  Mar ine 
Park ,  Great Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

1262. Thorburn,  P. ,  Rol fe,  J. ,  W i lk inson, S. ,  S i lburn, 
M.,  Blake,  J. ,  Gongora,  M.,  W indle,  J. ,  VanderGragt, 
M.,  Wegschie ld,  C.,  Ronan, M. and Carro l l ,  C.  2013, 
The water qual i ty  and economic benef i ts  of  agr icu l tura l 
management pract ices,  in 2013 Scient i f ic  Consensus 
Statement:  Land use Impacts on Great Barr ier  Reef  Water 
Qual i ty  and Ecosystem Condit ion Reef  Water Qual i ty 
Protect ion Plan Secretar iat ,  Br isbane, pp. 1-49.

1263. Brodie,  J. ,  Waterhouse, J. ,  Schaffe lke,  B. ,  Kroon, 
F. ,  Thorburn,  P. ,  Rol fe,  J. ,  Johnson, J. ,  Fabr ic ius,  K. , 
Lewis,  S. ,  Devl in,  M.,  Warne, M. and McKenzie,  L.J.  2013, 
2013 Scient i f ic  Consensus Statement:  Land use impacts 
on Great Barr ier  Reef  water qual i ty  and ecosystem 
condi t ions ,  Reef  Water Qual i ty  Protect ion Plan Secretar iat , 
Br isbane.

1264. State of  Queensland ( in press) ,  Reef Water Qual i ty 
Report  Card 2017 and 2018 ,  Commonwealth Government 
and Queensland Government,  Br isbane.

1265. Brodie,  J.E. ,  Kroon, F.J. ,  Schaffe lke,  B. ,  Wolanski , 
E.C.,  Lewis,  S.E. ,  Devl in,  M.J. ,  Bohnet,  I .C. ,  Bainbr idge, 
Z.T. ,  Waterhouse, J.  and Davis,  A.M. 2012, Terrestr ia l 
pol lutant runoff  to the Great Barr ier  Reef :  An update of 
issues,  pr ior i t ies and management responses,  Marine 
Pol lut ion Bul let in  65:  81-100.

1266. Davis,  A.M.,  Lewis,  S.E. ,  Brodie,  J.E.  and Benson, 
A.  2014, The potent ia l  benef i ts  of  herbic ide regulat ion:  A 
caut ionary note for  the Great Barr ier  Reef  catchment area, 
Science of  the Tota l  Env i ronment  490: 81-92.

1267. Wal lace,  R. ,  Huggins,  R. ,  K ing,  O.,  Gardiner, 
R. ,  Thomson, B.,  Orr,  D.N.,  Ferguson, B.,  Tay lor,  C., 
Sever ino,  Z. ,  Smith,  R.A.,  Warne, M.S.J. ,  Turner,  R.D.R. 
and Mann, R.M. 2016, Tota l  suspended sol ids,  nutr ient 
and pest ic ide loads (2014–2015) for  r ivers that  d ischarge 
to the Great Barr ier  Reef :  Great Barr ier  Reef  Catchment 
Loads Monitor ing Program ,  Department of  Science, 
Informat ion Technology and Innovat ion,  Br isbane.

1268. Gal len,  C.,  Paxman, C.,  E l ise i ,  G.,  Prasad, P. , 
Reeks,  T. ,  Eaglesham, G.,  Yeh, R.,  Tracey,  D.,  Grant,  S. 
and Muel ler,  J.  2019, Marine Monitor ing Program: Annual 
Report  for  Inshore Pest ic ide Monitor ing 2017-2018 ,  Great 
Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

1269. Devl in,  M.,  Lewis,  S. ,  Davis,  A. ,  Smith,  R. ,  Negr i , 
A. ,  Thompson, M. and Poggio,  M. 2015, Advancing our 
understanding of  the source,  management,  t ransport 
and impacts of  pest ic ides on the Great Barr ier  Reef 
2011-2015. A report  for  the Queensland Department of 
Env i ronment and Her i tage Protect ion ,  TropWATER (James 
Cook Univers i ty ) ,  Cai rns.

1270. Grant,  S. ,  Thompson, K. ,  Paxman, C.,  E l ise i , 
G.,  Gal len,  C.,  Tracey,  D.,  Kaserzon, S. ,  J iang, H., 
Samanipour,  S.  and Muel ler,  J.  2018, Marine Monitor ing 
Program: Annual  Report  for  Inshore Pest ic ide Monitor ing 
2016-2017 ,  Great Barr ier  Reef  Mar ine Park Author i ty, 
Townsvi l le .

1271. Smith,  R. ,  Middlebrook, R.,  Turner,  R. ,  Huggins, 
R. ,  Vardy,  S.  and Warne, M. 2012, Large-scale pest ic ide 
monitor ing across Great Barr ier  Reef  catchments: 
Paddock to Reef  Integrated Monitor ing,  Model l ing and 
Report ing Program, Marine Pol lut ion Bul let in  65(4-9) : 
117-127.

1272. Schneider,  F. ,  Parsons, S. ,  Cl i f t ,  S. ,  Sto l te,  A.  and 
McManus, M.C. 2018, Col lected mar ine l i t ter :  A growing 
waste chal lenge, Marine Pol lut ion Bul let in  128: 162-174.

1273. Tangaroa Blue Foundat ion.  2017, Austra l ian Mar ine 
Debr is In i t iat ive custom dataset,  s ingle use p last ic and 
plast ic proport ion  [Dataset ]  Austra l ian Mar ine Debr is 
In i t iat ive.

1274. Wor ld Economic Forum, El len MacArthur Foundat ion 
and McKinsey & Company 2016, The new plast ics 
economy: reth ink ing the future of  p last ics ,  E l len MacArthur 
Foundat ion.

1275. Owen, H.,  F l int ,  J.  and F l int ,  M. 2017, Impacts 
of  mar ine debr is and f isher ies on Si ren ians,  in Marine 
Mammal Wel fare:  Human Induced Change in the Mar ine 
Envi ronment and i ts  Impacts on Mar ine Mammal Wel fare , 
ed.  A.  Butterworth,  Spr inger,  pp. 315-331.

1276. W i lson, S.P. and Ver l is ,  K.M. 2017, The ugly face of 
tour ism: Mar ine debr is pol lut ion l inked to v is i tat ion in the 
southern Great Barr ier  Reef ,  Austra l ia ,  Marine Pol lut ion 
Bul let in  117(1) :  239-246.

1277. O’Br ien,  D.,  Lewis,  S. ,  Gal len,  C.,  O’Br ien,  J. , 
Thompson, K. ,  Eaglesham, G. and Muel ler,  J.  2014, 
Barron River Pest ic ide Monitor ing and Cairns WWTP WQ 
Assessment:  Report  14/40 ,  Centre for  Tropica l  Water & 
Aquat ic Ecosystem Research (TropWATER),  James Cook 
Univers i ty,  Cai rns.

1278. Scott ,  P.D.,  Bartkow, M.,  Blockwel l ,  S.J. ,  Coleman, 
H.M.,  Khan, S.J. ,  L im, R.,  McDonald,  J.A. ,  Nice,  H., 
Nugegoda, D. and Pett igrove,  V.  2014, A nat ional  survey 
of  t race organic contaminants in Austra l ian r ivers,  Journal 
of  Env i ronmenta l  Qual i ty  43(5) :  1702-1712.

1279. Kroon, F. ,  Berry,  K. ,  Br inkman, D.,  Davis,  A. ,  K ing, 
O.,  Kookana, R.,  Lewis,  S. ,  Leusch, F. ,  Makarynskyy, 
O. and Melv in,  S.  2015, Ident i f icat ion,  Impacts,  and 
Pr ior i t isat ion of  Emerging Contaminants Present in the 
GBR and Torres Stra i t  Mar ine Envi ronments.  Report  to 
the Nat ional  Env i ronmenta l  Science Programme ,  Reef  and 
Rainforest  Research Centre L imited, Cairns.

1280. Haynes,  D. and Johnson, J.E.  2000, 
Organochlor ine,  heavy meta l  and polyaromat ic 
hydrocarbon pol lutant concentrat ions in the Great Barr ier 
Reef  (Austra l ia )  env i ronment:  a rev iew, Marine Pol lut ion 
Bul let in  41(7-12) :  267-278.

1281. Zheng, H.,  Wang, F. ,  Zhao, Z. ,  Ma, Y. ,  Yang, H., 
Lu,  Z. ,  Cai ,  M. and Cai ,  M. 2017, Distr ibut ion prof i les of 
per-and poly f luoroalky l  substances (PFASs) and the i r  re-
regulat ion by ocean currents in the East and South China 
Sea, Marine Pol lut ion Bul let in  125(1-2) :  481-486.

1282. Austra l ian Heal th Protect ion Pr inc ipal  Committee 
2016, Per- and poly- f luoroalky l  substances (PFAS) 
factsheet ,  Austra l ian Government,  ht tps://www.
heal th.gov.au/ internet/main/publ ish ing.nsf/content/
A12B57E41EC9F326CA257BF0001F9E7D/$Fi le/PFAS-
factsheet-15June2016.pdf.

1283. Gal len,  C.,  Drage, D.,  Kaserzon, S. ,  Baduel ,  C., 
Gal len,  M.,  Banks,  A. ,  Broomhal l ,  S.  and Muel ler,  J.F. 
2016, Occurrence and distr ibut ion of  brominated f lame 
retardants and perf luoroalky l  substances in Austra l ian 
landf i l l  leachate and biosol ids,  Journal  of  Hazardous 
Mater ia ls  312: 55-64.

1284. Department of  the Envi ronment and Energy 
2017, Nat ional  phase out of  PFOS Rat i f icat ion of  the 
Stockholm Convent ion amendment on PFOS: Regulat ion 
Impact Statement for  consul tat ion ,  Department of  the 
Envi ronment and Energy,  Canberra.



332 REFERENCES

1285. L i ,  L. ,  L iu,  J. ,  Hu, J.  and Wania,  F.  2017, 
Degradat ion of  f luorote lomer-based polymers contr ibutes 
to the g lobal  occurrence of  f luorote lomer a lcohol  and 
perf luoroalky l  carboxy lates:  A combined dynamic 
substance f low and envi ronmenta l  fate model ing analys is, 
Envi ronmenta l  Science and Technology  51(8) :  4461-4470.

1286. European Chemicals Agency 2015, Background 
document to the Opin ion on the Annex XV dossier 
proposing restr ict ions on Perf luorooctanoic ac id (PFOA), 
PFOA sal ts and PFOA-re lated substances ,  European 
Chemicals Agency,  Hels ink i .

1287. Uni ted Nat ions Envi ronment Programme (UNEP) 
2016, Report  of  the Pers istent Organic Pol lutants Review 
Committee on the work of  i ts  twel f th meet ing:  Risk prof i le 
on pentadecaf luorooctanoic ac id (CAS No: 335-67-1, 
PFOA, per f luorooctanoic ac id) ,  i ts  sa l ts and PFOA-re lated 
compounds) ,  Uni ted Nat ions Envi ronment Programme 
(UNEP),  I ta ly.

1288. Department of  Defence 2018, RAAF Base Townsvi l le 
deta i led s i te inspect ion PFAS. Volume 1:  Main Report , 
Department of  Defence, Br isbane.

1289. Gladstone Ports Corporat ion 2018, PFAS 
monitor ing ,  Gladstone Ports Corporat ion,  ht tp://www.
gpcl .com.au/Pages/PFAS-Monitor ing.aspx.

1290. Port  of  Townsvi l le  L imited 2018, Update on PFAS 
around Townsvi l le  Port :  Ju ly 2018 ,  Port  of  Townsvi l le 
L imited, ht tps://www.townsvi l le-port .com.au/update-on-
pfas-around-townsvi l le-port- ju ly-2018/.

1291. North Queensland Bulk Ports Corporat ion 2018, 
Port  of  Mackay responds to groundwater resul ts ,  North 
Queensland Bulk Ports Corporat ion,  ht tps://nqbp.com.
au/about-us/news/art ic les/port-of-mackay-responds-to-
groundwater-resul ts.

1292. NQ Dry Tropics (n.d. ) ,  Landholders Dr iv ing Change 
is  a Burdekin Major Integrated Project ,  NQ Dry Tropics, 
ht tp:// ldc.nqdrytropics.com.au/.

1293. Terra in NRM (n.d. ) ,  Wet Tropics Major Integrated 
Project ,  Terra in NRM, https:// terra in.org.au/pro jects/wet-
t ropics-major- integrated-project/ .

1294. Great Barr ier  Reef  Protect ion Amendment Act 2009 
(Qld) .

1295. Off ice of  the Great Barr ier  Reef  2017, Broadening 
and enhancing Reef protect ion regulat ions:  consul tat ion 
regulatory impact statement ,  Department of  the 
Envi ronment and Her i tage Protect ion,  Queensland.

1296. Envi ronmenta l  Protect ion (Great Barr ier  Reef 
Protect ion Measures)  and Other Legis lat ion Amendment 
Bi l l  2019. Explanatory notes  (Qld) .

1297. Austra l ian Government and Queensland Government 
2015, Reef Water Qual i ty  Protect ion Plan:  Reef  p lan 
paddock to Reef  sugarcane water qual i ty  r isk f ramework , 
Queensland Government,  ht tps://www.reefp lan.q ld.gov.au/
measur ing-success/paddock-to-reef/assets/paddock-to-
reef-sugarcane-water-qual i ty-r isk- f ramework.pdf.

1298. Austra l ian Government and Queensland Government 
2015, Reef Water Qual i ty  Protect ion Plan:  Reef  p lan 
paddock to Reef  graz ing water qual i ty  r isk f ramework , 
Queensland Government,  ht tps://www.reefp lan.q ld.gov.au/
measur ing-success/paddock-to-reef/assets/paddock-to-
reef-graz ing-water-qual i ty-r isk- f ramework.pdf.

1299. Eberhard,  R. ,  Thorburn,  P. ,  Rol fe,  J. ,  Tay lor, 
B. ,  Ronan, M.,  Weber,  T. ,  F l int ,  N. ,  Kroon, F. ,  Brodie, 
J. ,  Waterhouse, J. ,  S i lburn,  M.,  Bart ley,  R. ,  Davis,  A. , 
W i lk inson, S. ,  Lewis,  S. ,  Star,  M.,  Poggio,  M.,  W indle,  J. , 
Marshal l ,  N. ,  Hi l l ,  R. ,  Maclean, K. ,  Lyons, P. ,  Robinson, 
C.,  Adame, F. ,  Sel les,  A. ,  Gr i f f i ths,  M.,  Gunn, J.  and 
McCosker,  K.  2017, Scient i f ic  Consensus Statement 
2017: A synthesis of  the sc ience of  land-based water 
qual i ty  impacts on the Great Barr ier  Reef ,  Chapter 4: 
Management opt ions and the i r  ef fect iveness ,  State of 
Queensland, Br isbane.

1300. Department of  the Premier and Cabinet 2009, Reef 
Water Qual i ty  Protect ion Plan 2009 for  the Great Barr ier 
Reef  Wor ld Her i tage Area and Adjacent Catchments ,  Reef 
Water Qual i ty  Protect ion Plan Secretar iat ,  DPC, Br isbane.

1301. Austra l ian and Queensland Government 2017, 
Management Pract ice Methods: Great Barr ier  Reef  Report 
Card 2016 ,  Austra l iand and Queensland Government, 
Br isbane.

1302. Álvarez-Romero, J.G.,  Devl in,  M.,  Te ixe i ra da Si lva, 
E. ,  Petus,  C.,  Ban, N.C.,  Pressey,  R.L. ,  Kool ,  J. ,  Roberts, 
J.J. ,  Cerdei ra-Estrada, S. ,  Wenger,  A.S. and Brodie,  J. 
2013, A novel  approach to model  exposure of  coasta l-

mar ine ecosystems to r iver ine f lood plumes based on 
remote sensing techniques,  Journal  of  Env i ronmenta l 
Management  119: 194-207.

1303. Mel l in ,  C.,  Matthews, S. ,  Anthony,  K.R.N.,  Brown, 
S.C.,  Caley,  M.J. ,  Johns, K. ,  Osborne, K. ,  Puot inen, M., 
Thompson, A.  and Wol ff ,  N.H. ( in  press) ,  Spat ia l  res i l ience 
of  the Great Barr ier  Reef  under cumulat ive d isturbance 
impacts,  Global  Change Bio logy  doi :  10.1111/gcb.14625.

1304. Van Meter,  K.J. ,  Van Cappel len,  P.  and Basu, N.B. 
2018, Legacy n i t rogen may prevent achievement of  water 
qual i ty  goals in the Gul f  of  Mexico,  Science  360(6387): 
427-430.

1305. Queensland Government 2018, Queensland Land 
Use Mapping Program (QLUMP) Reports and Publ icat ions , 
ht tps://www.qld.gov.au/envi ronment/ land/vegetat ion/
mapping/qlump-reports.

1306. Petus,  C.,  Devl in,  M.,  Thompson, A. ,  McKenzie,  L. , 
Te ixe i ra da Si lva,  E. ,  Col l ier,  C.,  Tracey,  D. and Mart in, 
K.  2016, Est imat ing the exposure of  cora l  reefs and 
seagrass meadows to land-sourced contaminants in r iver 
f lood plumes of  the Great Barr ier  Reef :  va l idat ing a s imple 
sate l l i te  r isk f ramework with env i ronmenta l  data,  Remote 
Sensing  8 (3) :  210.

1307. Furnas,  M.J.  and Mitchel l ,  A.W. 1986, 
Phytoplankton dynamics in the centra l  Great Barr ier  Reef  : 
I .  Seasonal  changes in b iomass and community structure 
and the i r  re lat ions to int rus ive act iv i ty,  Cont inenta l  Shel f 
Research  6 (1986):  363-384.

1308. De’ath,  G. and Fabr ic ius,  K.E.  2008, Water qual i ty 
of  the Great Barr ier  Reef :  Distr ibut ions,  ef fects on reef 
b iota and t r igger va lues for  the protect ion of  ecosystem 
heal th ,  Great Barr ier  Reef  Mar ine Park Author i ty, 
Townsvi l le .

1309. Ricardo, G.F. ,  Jones,  R.J. ,  Clode, P.L. ,  Humanes, 
A.  and Negr i ,  A.P.  2015, Suspended sediments l imi t  cora l 
sperm avai labi l i ty,  Scient i f ic  Reports  5:  18084.

1310. Humanes, A. ,  Ricardo, G.F. ,  W i l l is ,  B.L. ,  Fabr ic ius, 
K.E.  and Negr i ,  A.P.  2017, Cumulat ive effects of 
suspended sediments,  organic nutr ients and temperature 
stress on ear ly  l i fe  h istory stages of  the cora l  Acropora 
tenuis ,  Scient i f ic  Reports  7:  44101.

1311. Tebbett ,  S.B.,  Goat ley,  C.H.R. and Bel lwood, D.R. 
2017, F ine sediments suppress detr i t ivory on cora l  reefs, 
Marine Pol lut ion Bul let in  114(2) :  934-940.

1312. Wenger,  A.S.,  McCormick,  M. I . ,  Endo, G.G.K., 
McLeod, I .M.,  Kroon, F.J.  and Jones, G.P. 2014, 
Suspended sediment pro longs larva l  development in a 
cora l  reef  f ish,  Journal  of  Exper imenta l  Bio logy  217: 1122-
1128.

1313. Wenger,  A.S.,  Johansen, J.L.  and Jones, G.P. 2012, 
Increasing suspended sediment reduces foraging,  growth 
and condi t ion of  a p lankt ivorous damsel f ish,  Journal  of 
Exper imenta l  Mar ine Bio logy and Ecology  428: 43-48.

1314. Wenger,  A.S.,  Johansen, J.L.  and Jones, G.P. 
2011, Suspended sediment impairs habi tat  choice and 
chemosensory d iscr iminat ion in two cora l  reef  f ishes, 
Coral  Reefs  30:  879-887.

1315. Wenger,  A.S.,  McCormick,  M.,  McLeod, I .M. and 
Jones, G.P. 2013, Suspended sediment a l ters predator-
prey interact ions between two cora l  reef  f ish,  Coral  Reefs 
32(2) :  369-374.

1316. Hess,  S. ,  Prescott ,  L.J. ,  Hoey,  A.S.,  McMahon, 
S.A.,  Wenger,  A.S. and Rummer,  J.L.  2017, Species-
speci f ic  impacts of  suspended sediments on g i l l  s t ructure 
and funct ion in cora l  reef  f ishes,  Proceedings of  the 
Royal  Society of  London Ser ies B: Bio logica l  Sciences 
284(1866):  20171279.

1317. Novic,  A.J. ,  O’Br ien,  D.S.,  Kaserzon, S.L. ,  Hawker, 
D.W.,  Lewis,  S.E.  and Muel ler,  J.F.  2017, Moni tor ing 
herbic ide concentrat ions and loads dur ing a f lood event: 
a compar ison of  grab sampl ing with passive sampl ing, 
Envi ronmenta l  Science and Technology  51(7) :  3880-3891.

1318. Novic,  A.J. ,  Ort ,  C.,  O’Br ien,  D.S.,  Lewis,  S.E. , 
Davis,  A.M. and Muel ler,  J.F.  2018, Understanding the 
uncerta inty of  est imat ing herbic ide and nutr ient  mass 
loads in a f lood event wi th guidance on est imator 
se lect ion,  Water Research  132: 99-110.

1319. Lewis,  S.E. ,  Brodie,  J.E. ,  Bainbr idge, Z.T. ,  Rohde, 
K.W.,  Davis,  A.M.,  Masters,  B.L. ,  Maughan, M.,  Devl in, 
M.J. ,  Muel ler,  J.F.  and Schaffe lke,  B.  2009, Herbic ides: 
A new threat to the Great Barr ier  Reef ,  Envi ronmenta l 
Pol lut ion  157(8-9) :  2470-2484.



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 333

1320. Kroon, F.J. ,  Hook, S.E. ,  Jones,  D.,  Metcal fe, 
S. ,  Henderson, B.,  Smith,  R. ,  Warne, M.S.,  Turner, 
R.D.,  McKeown, A.  and Westcott ,  D.A. 2015, Al tered 
t ranscr ipt ion leve ls of  endocr ine associated genes in two 
f isher ies species col lected f rom the Great Barr ier  Reef 
catchment and lagoon, Marine Envi ronmenta l  Research 
104: 51-61.

1321. Hook, S.E. ,  Kroon, F.J. ,  Greenf ie ld,  P.A.,  Warne, 
M.S.,  Smith,  R.A. and Turner,  R.D. 2017, Hepat ic 
t ranscr iptomic prof i les f rom barramundi ,  Lates calcar i fer , 
as a means of  assessing organism heal th and ident i fy ing 
stressors in r ivers in northern Queensland, Marine 
Envi ronmenta l  Research  129: 166-179.

1322. Hook, S.E. ,  Kroon, F.J. ,  Metcal fe,  S. ,  Greenf ie ld, 
P.A.,  Moncuquet,  P. ,  McGrath,  A. ,  Smith,  R. ,  Warne, M.S., 
Turner,  R.D. and McKeown, A.  2017, Global  t ranscr iptomic 
prof i l ing in barramundi  (Lates calcar i fer )  f rom r ivers 
impacted by d i ffer ing agr icu l tura l  land uses,  Envi ronmenta l 
Tox icology and Chemistry  36(1) :  103-112.

1323. Mercur io,  P. ,  Muel ler,  J.F. ,  Eaglesham, G.,  F lores,  F. 
and Negr i ,  A.P.  2015, Herbic ide pers istence in seawater 
s imulat ion exper iments,  PLoS ONE  10(8) :  e0136391.

1324. Cant in,  N.E. ,  Negr i ,  A.P.  and Wi l l is ,  B.  2007, 
Photoinhib i t ion f rom chronic herbic ide exposure reduces 
reproduct ive output of  reef-bui ld ing cora ls,  Marine 
Ecology Progress Ser ies  344: 81-93.

1325. Smith,  R. ,  Turner,  R. ,  Vardy,  S. ,  Huggins,  R. , 
Wal lace,  R.  and Warne, M. 2015, An evaluat ion of  the 
prevalence of  a l ternate pest ic ides of  env i ronmenta l 
concern in Great Barr ier  Reef  catchments:  RP57C , 
Department of  Science, Informat ion Technology, 
Innovat ion and the Arts,  Br isbane.

1326. Caron, A.G.M.,  Thomas, C.R.,  Berry,  K.L.E. , 
Mott i ,  C.A.,  Ar ie l ,  E.  and Brodie,  J.E.  2018, Ingest ion of 
microplast ic debr is by green sea turt les (Chelonia mydas) 
in  the Great Barr ier  Reef :  Val idat ion of  a sequent ia l 
extract ion protocol ,  Marine Pol lut ion Bul let in  127: 743-
751.

1327. Kroon, F.J. ,  Mott i ,  C.E. ,  Jenson, L.H. and Berry, 
K.L.E.  2018, Class i f icat ion of  mar ine microdebr is:  A 
rev iew and case study on f ish f rom the Great Barr ier  Reef , 
Austra l ia ,  Scient i f ic  Reports :  16422.

1328. Ceccare l l i ,  D.M. 2009, Impacts of  p last ic debr is on 
Austra l ian mar ine wi ld l i fe ,  Report  by C&R Consul t ing for 
the Department of  the Envi ronment ,  Water,  Her i tage and 
the Arts,  Canberra.

1329. Adimey, N.M.,  Hudak, C.A.,  Powel l ,  J.R.,  Bassos-
Hul l ,  K. ,  Foley,  A. ,  Farmer,  N.A.,  White,  L.  and Minch, K. 
2014, F ishery gear interact ions f rom stranded bott lenose 
dolphins,  F lor ida manatees and sea turt les in F lor ida, 
USA, Marine Pol lut ion Bul let in  81(1) :  103-115.

1330. Nelms, S.E. ,  Duncan, E.M.,  Broder ick,  A.C., 
Gal loway, T.S. ,  Godfrey,  M.H.,  Hamann, M.,  L indeque, 
P.K. and Godley,  B.J.  2015, Plast ic and mar ine turt les: 
a rev iew and cal l  for  research, ICES Journal  of  Mar ine 
Science  73(2) :  165-181.

1331. Schuyler,  Q.A.,  W i lcox,  C.,  Townsend, K.A., 
Wedemeyer-Strombel ,  K.R.,  Balazs,  G.,  van Sebi l le ,  E. 
and Hardesty,  B.D. 2016, Risk analys is reveals g lobal 
hotspots for  mar ine debr is ingest ion by sea turt les,  Global 
Change Bio logy  22(2) :  567-576.

1332. Boyle,  M.C. and L impus, C.J.  2008, The stomach 
contents of  post-hatchl ing green and loggerhead sea 
turt les in the southwest Paci f ic :  an ins ight into habi tat 
associat ion,  Marine Bio logy  155: 233-241.

1333. Wr ight,  S.L. ,  Thompson, R.C. and Gal loway, T.S. 
2013, The physica l  impacts of  microplast ics on mar ine 
organisms: a rev iew, Envi ronmenta l  Pol lut ion  178: 483-
492.

1334. Reisser,  J. ,  Shaw, J. ,  Hal legraeff ,  G.,  Pro iet t i ,  M., 
Barnes,  D.K.A.,  Thums, M.,  W i lcox,  C.,  Hardesty,  B.D. and 
Patt iaratchi ,  C.  2014, Mi l l imeter-s ized mar ine p last ics:  a 
new pelagic habi tat  for  microorganisms and invertebrates, 
PLoS ONE  9 (6) :  e100289.

1335. Reichel t-Brushett ,  A.  and Hudspi th,  M. 2016, The 
effects of  meta ls of  emerging concern on the fer t i l i zat ion 
success of  gametes of  the t ropica l  sc leract in ian cora l 
Platygyra daedalea ,  Chemosphere  150: 398-406.

1336. V i l la ,  C.A.,  F l int ,  M.,  Bel l ,  I . ,  Hof,  C.,  L impus, C.J. 
and Gaus, C. 2017, Trace e lement reference interva ls 
in the b lood of  heal thy green sea turt les to evaluate 
exposure of  coasta l  populat ions,  Envi ronmenta l  Pol lut ion 
220: 1465-1476.

1337. V i l la ,  C.A.,  Bel l ,  I . ,  Madden Hof,  C.,  L impus, C.J. 
and Gaus, C. 2018, E luc idat ing temporal  t rends in t race 
e lement exposure of  green turt les (Chelonia mydas)  us ing 
the tox icokinet ic d i fferences of  b lood and scute samples, 
Science of  the Tota l  Env i ronment  651: 2450-2459.

1338. Kei ter,  S. ,  Baumann, L. ,  Färber,  H.,  Holbech, 
H.,  Skut larek,  D.,  Engwal l ,  M. and Braunbeck, T.  2012, 
Long-term effects of  a b inary mixture of  per f luorooctane 
sul fonate (PFOS) and bisphenol  A (BPA) in zebraf ish 
(Danio rer io) ,  Aquat ic Toxicology  118: 116-129.

1339. J i ,  K. ,  K im, Y. ,  Oh, S. ,  Ahn, B.,  Jo,  H. and Choi , 
K.  2008, Toxic i ty  of  per f luorooctane sul fonic ac id and 
perf luorooctanoic ac id on f reshwater macroinvertebrates 
(Daphnia magna  and Moina macrocopa)  and f ish (Oryz ias 
lat ipes) ,  Envi ronmenta l  Tox icology and Chemistry  27(10) : 
2159-2168.

1340. Envi ronmenta l  Heal th Standing Committee 
(enHeal th)  of  the Austra l ian Heal th Protect ion Pr inc ipal 
Committee 2017, enHeal th Guidance Statements on per- 
and poly- f luoroalky l  substances ,  Env i ronmenta l  Heal th 
Standing Committee (enHeal th)  of  the Austra l ian Heal th 
Protect ion Pr inc ipal  Committee.

1341. Ahrens,  L.  2011, Polyf luoroalky l  compounds in the 
aquat ic env i ronment:  a rev iew of  the i r  occurrence and 
fate,  Journal  of  Env i ronmenta l  Moni tor ing  13(1) :  20-31.

1342. Stoeckl ,  N.,  Farr,  M. and Sakata,  H. 2013, What do 
res idents and tour ists va lue most in the GBRWHA? Project 
10-2 Socioeconomic systems and reef  res i l ience: Inter im 
report  on res ident ia l  and tour ist  data col lect ion act iv i t ies 
inc luding descr ipt ive data summar ies ,  Reef  and Rainforest 
Research Centre L imited, Cairns.

1343. Kragt,  M.E.,  Roebel ing,  P.C. and Rui js ,  A.  2009, 
Effects of  Great Barr ier  Reef  degradat ion on recreat ional 
reef- t r ip demand: A cont ingent behaviour approach, 
Austra l ian Journal  of  Agr icu l tura l  and Resource Economics 
53(2) :  213-229.

1344. Lamb, J.B. and True,  J.D. 2014, Scuba div ing 
damage and intensi ty of  tour ist  act iv i t ies increases cora l 
d isease prevalence, Biologica l  Conservat ion  178: 88-96.

1345. Kamrowski ,  R.L. ,  Sutton,  S.G.,  Tobin,  R.C. and 
Hamann, M. 2014, Potent ia l  appl icabi l i ty  of  persuasive 
communicat ion to l ight-g low reduct ion efforts:  a case 
study of  mar ine turt le conservat ion,  Envi ronmenta l 
Management  54:  583-595.

1346. Austra l ian Nat ional  Univers i ty  2009, Impl icat ions of 
c l imate change for  Austra l ia ’s Wor ld Her i tage propert ies: 
A pre l iminary assessment.  A report  to the Department of 
Cl imate Change and the Department of  the Envi ronment, 
Water,  Her i tage and the Arts ,  Fenner School  of 
Env i ronment and Society,  Austra l ian Nat ional  Univers i ty, 
Canberra.

1347. Pearson, M. 2008, Cl imate change and i ts  impacts 
on Austra l ia ’s cul tura l  her i tage, Histor ic Env i ronment 
21(1) :  37.

1348. O’Br ien,  G.,  O’Keefe,  P. ,  Jayawickrama, J.  and 
J igyasu, R. 2015, Developing a model  for  bui ld ing 
res i l ience to c l imate r isks for  cu l tura l  her i tage, Journal 
of  Cul tura l  Her i tage Management and Susta inable 
Development  5 (2) :  99-114.

1349. Great Barr ier  Reef  Mar ine Park Author i ty  2017, 
‘Great Barr ier  Reef  Abor ig ina l  and Torres Stra i t  Is lander 
Her i tage Strategy:  Report  on in i t ia l  engagement phase’, 
Unpubl ished report .

1350. Hockings,  M.,  Sto l ton,  S. ,  Lever ington, F. ,  Dudley, 
N. and Courrau,  J.  2006, Evaluat ing Ef fect iveness:  a 
Framework for  Assessing Management Ef fect iveness of 
Protected Areas ,  2nd edn, IUCN, Gland, Switzer land.

1351. Great Barr ier  Reef  Mar ine Park Author i ty  2017, 
Permiss ion System Serv ice Charter ,  Great Barr ier  Reef 
Mar ine Park Author i ty,  Townsvi l le .

1352. Great Barr ier  Reef  Mar ine Park Author i ty  2014, 
Marine Tour ism Cont ingency Plan for  the Great Barr ier 
Reef  Mar ine Park ,  Great Barr ier  Reef  Mar ine Park 
Author i ty,  Townsvi l le .

1353. Thurstan,  R.H.,  Campbel l ,  A.B. and Pandol f i ,  J .M. 
2016, Nineteenth century narrat ives reveal  h istor ic catch 
rates for  Austra l ian snapper (Pagrus auratus ) ,  Fish and 
F isher ies  17:  210-225.

1354. McCook, L.J. ,  Ay l ing,  T. ,  Cappo, M.,  Choat,  H., 
Evans,  R.D.,  de Fre i tas,  D.M.,  Heupel ,  M.,  Hughes, 
T.P. ,  Jones,  G.P. and Mapstone, B. 2010, Adapt ive 
management of  the Great Barr ier  Reef :  A g lobal ly 
s ign i f icant demonstrat ion of  the benef i ts  of  networks of 



334 REFERENCES

marine reserves,  Proceedings of  the Nat ional  Academy of 
Sciences of  the Uni ted States of  Amer ica  107(43) :  18278-
18285.

1355. Russ,  G.R.,  Cheal ,  A.J. ,  Dolman, A.M.,  Emsl ie, 
M.J. ,  Evans,  R.D.,  Mi l ler,  I .R. ,  Sweatman, H. and 
Wi l l iamson, D.H. 2008, Rapid increase in f ish numbers 
fo l lows creat ion of  wor ld’s largest mar ine reserve network, 
Current Bio logy  18(12) :  R514-R515.

1356. Sweatman, H.,  Emsl ie,  M. and Logan, M. 2016, 
Monitor ing the Ef fects of  Rezoning on the Great Barr ier 
Reef ,  Austra l ian Inst i tute of  Mar ine Science and Great 
Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

1357. W i l l iamson, D.H.,  Ceccare l l i ,  D.M.,  Evans,  R.D.,  Hi l l , 
J .K.  and Russ,  G.R. 2014, Dere l ict  f ish ing l ine prov ides a 
usefu l  proxy for  est imat ing leve ls of  non-compl iance with 
no-take mar ine reserves,  PLoS ONE  9 (12) :  e114395.

1358. Harast i ,  D. ,  Davis,  T.R.,  Jordan, A. ,  Ersk ine,  L. 
and Moltschaniwskyj ,  N.  2019, I l legal  recreat ional  f ish ing 
causes a decl ine in a f ishery targeted species (Snapper: 
Chrysophrys auratus)  wi th in a remote no-take mar ine 
protected area,  PLoS ONE  14(1) :  e0209926.

1359. Internat ional  Union for  Conservat ion of 
Nature 2017, World Her i tage Out look ,  ht tp://www.
wor ldher i tageout look. iucn.org/search-s i tes/-/wdpaid/
en/2571?p_p_auth=MvXO7h12.

1360. Great Barr ier  Reef  Mar ine Park Author i ty  2017, 
Managing research in the Great Barr ier  Reef  Mar ine Park 
(Document No. 100431) ,  Great Barr ier  Reef  Mar ine Park 
Author i ty,  Townsvi l le .

1361. North-East Shipping Management Group 2014, 
North-east sh ipping management p lan ,  Austra l ian Mar i t ime 
Safety Author i ty,  Canberra.

1362. Great Barr ier  Reef  Mar ine Park Author i ty  2016, 
2015-16 Land and Sea Country Partnerships:  Annual 
Report  Summary ,  Great Barr ier  Reef  Mar ine Park 
Author i ty,  Townsvi l le .

1363. Van Bueren, M.,  Wor land, T. ,  Svanberg,  A.  and 
Lassen, J.  2015, Working for  our country:  a rev iew of  the 
economic and socia l  benef i ts  of  Indigenous land and sea 
management ,  Pew Char i table Trusts,  Synergies Economic 
Consul t ing.

1364. Comstock, M. and Hackmann, B. 2018, Achiev ing 
Long-term Ambit ion on Cl imate Change .  Uni ted Nat ions 
Cl imate Change, ht tps://unfccc. int/news/achiev ing- long-
term-ambit ion-on-c l imate-change.

1365. Envi ronment and Communicat ions References 
Committee 2017, In  Hot Water:  the Impacts of  Cl imate 
Change on Mar ine F isher ies and Biodivers i ty ,  The Senate, 
Commonwealth of  Austra l ia ,  Canberra.

1366. Queensland Department of  Env i ronment and 
Her i tage Protect ion 2017, Queensland Cl imate Transi t ion 
Strategy Pathways to a c lean growth economy , 
Queensland Government,  Br isbane.

1367. Department of  Env i ronment and Her i tage Protect ion 
2017, Queensland Cl imate Adaptat ion Strategy , 
Department of  Env i ronment and Her i tage Protect ion, 
Br isbane.

1368. Moran, C. and Boul ter,  S.  2018, Biodivers i ty 
and Ecosystems Cl imate Adaptat ion Plan ,  State of 
Queensland, Br isbane.

1369. Dale,  A. ,  George, M.,  Hi l l ,  R.  and Fraser,  D.  2016, 
Tradi t ional  Owners and sea country in the southern Great 
Barr ier  Reef :  which way forward? Report  to the Nat ional 
Env i ronmenta l  Science Programme ,  Reef  and Rainforest 
Research Centre L imited, Cairns.

1370. Great Barr ier  Reef  Mar ine Park Author i ty  2012, 
Great Barr ier  Reef  Cl imate Change Adaptat ion Strategy 
and Act ion Plan 2012 to 2017 ,  Great Barr ier  Reef  Mar ine 
Park Author i ty,  Townsvi l le .

1371. Great Barr ier  Reef  Mar ine Park Author i ty  2018, 
From Bluepr int  to Act ion:  Great Barr ier  Reef  Bluepr int  for 
Resi l ience: Progress Report ,  Great Barr ier  Reef  Mar ine 
Park Author i ty,  Townsvi l le .

1372. Department of  State Development,  In f rastructure 
and Planning 2013, State Planning Pol icy ,  Queensland 
Government,  Br isbane.

1373. Department of  In f rastructure,  Local  Government 
and Planning 2017, State Planning Pol icy ,  Queensland 
Government,  Br isbane.

1374. Queensland Wet lands Program 2016, Wetlands in 
the Great Barr ier  Reef  catchments management strategy 
2016-2021 ,  Queensland Department of  Env i ronment and 
Her i tage Protect ion,  Br isbane.

1375. Terra in Natura l  Resource Management.  2015, Wet 
Tropics Water Qual i ty  Improvement Plan,  2015-2020 , 
Terra in Natura l  Resource Management,  Cai rns.

1376. Great Barr ier  Reef  Mar ine Park Author i ty  2014, 
‘Great Barr ier  Reef  Wor ld Her i tage Area Strategic 
Assessment draf t  Technica l  Report :  dugongs’, 
Unpubl ished report .

1377. Gooch, M.,  Curnock, M.,  Dale,  A. ,  Gibson, J. , 
Hi l l ,  R. ,  Marshal l ,  N. ,  Mol loy,  F.  and Vel la,  K.  2017, 
Assessment and promot ion of  the Great Barr ier  Reef ’s 
human dimensions through col laborat ion,  Coasta l 
Management  45(6) :  519-537.

1378. Col l ier,  C.J. ,  Langlo is,  L. ,  Zemoi,  R. ,  Mart in,  K.  and 
McKenzie,  L.  2016, Developing and ref in ing b io logica l 
indicators for  condi t ion assessments in an integrated 
monitor ing program. Report  to the Nat ional  Env i ronmenta l 
Science Programme ,  Reef  and Rainforest  Research Centre 
L imited, Cairns.

1379. Great Barr ier  Reef  Mar ine Park Author i ty  2013, 
Great Barr ier  Reef  Biodivers i ty  Conservat ion Strategy 
2013 ,  Great Barr ier  Reef  Mar ine Park Author i ty, 
Townsvi l le .

1380. Westcott ,  D.  and F letcher,  C. 2018, How ef fect ive 
are management responses in contro l l ing Crown-of-thorns 
Star f ish and the i r  impacts on the Great Barr ier  Reef? , 
CSIRO, Townsvi l le .

1381. Great Barr ier  Reef  Mar ine Park Author i ty  ‘Crown-of-
thorns star f ish Strategic Management Plan’ ,  Unpubl ished 
report .

1382. Jacobs, M. 2014, Independent rev iew of  the 
Inst i tut ional  and Legal  Mechanisms that prov ide 
Coordinated Planning, Protect ion and Management of  the 
Great Barr ier  Reef  Wor ld Her i tage Area ,  Jacobs Group 
(Austra l ia )  Pty Ltd,  South Br isbane, Qld.

1383. Dale,  A.P.,  Vel la,  K. ,  Pressey,  R.L. ,  Brodie,  J. , 
Gooch, M.,  Potts,  R.  and Eberhard,  R.  2016, Risk analys is 
of  the governance system affect ing outcomes in the Great 
Barr ier  Reef ,  Journal  of  Env i ronmenta l  Management  183: 
712-721.

1384. Walker,  B. ,  Hol l ing,  C.S.,  Carpenter,  S.R. 
and Kinz ig,  A.  2004, Resi l ience, adaptabi l i ty  and 
t ransformabi l i ty  in socia l-ecologica l  systems, Ecology and 
Society  9 (2) :  5.

1385. Folke,  C.,  Carpenter,  S.R.,  Walker,  B. ,  Scheffer,  M., 
Chapin,  T.  and Rockström, J.  2010, Resi l ience th ink ing: 
integrat ing res i l ience, adaptabi l i ty  and t ransformabi l i ty, 
Ecology and Society  15(4) :  20.

1386. McLeod, E. ,  Anthony,  K. ,  Mumby, P. ,  Maynard,  J. , 
Beeden, R.,  Graham, N.,  Heron, S. ,  Hoegh-Guldberg, 
O.,  Jupi ter,  S. ,  MacGowan, P. ,  Mangubhai ,  S. ,  Marshal l , 
N. ,  Marshal l ,  P. ,  McClanahan, T. ,  Mcleod, K. ,  Nystrom, 
M.,  Obura,  D.,  Parker,  B. ,  Possingham, H.,  Salm, R. 
and Tamelander,  J.  2019, The future of  res i l ience-
based management in cora l  reef  ecosystems, Journal  of 
Env i ronmenta l  Management  233: 291-301.

1387. De Vos, A. ,  Cumming, G.S.,  Moore,  C., 
Macie jewski ,  K.  and Duckworth,  G. 2016, The re levance of 
spat ia l  var iat ion in ecotour ism att r ibutes for  the economic 
susta inabi l i ty  of  protected areas,  Ecosphere  7 (2) :  e01207.

1388. Van de Leemput,  I .A. ,  Hughes, T.P. ,  van Nes, 
E.H. and Scheffer,  M. 2016, Mult ip le feedbacks and the 
prevalence of  a l ternate stable states on cora l  reefs,  Coral 
Reefs  35(3) :  857-865.

1389. L indenmayer,  D.B. and L ikens,  G.E. 2010, The 
sc ience and appl icat ion of  ecologica l  moni tor ing, 
Biologica l  Conservat ion  143(6) :  1317-1328.

1390. Hal ford,  A. ,  Cheal ,  A.J. ,  Ryan, D. and Wi l l iams, 
D.M. 2004, Resi l ience to large-scale d isturbance in cora l 
and f ish assemblages on the Great Barr ier  Reef ,  Austra l ia , 
Ecology  85:  1892-1905.

1391. E lmqvist ,  T. ,  Folke,  C.,  Nyström, M.,  Peterson, G., 
Bengtsson, J. ,  Walker,  B.  and Norberg,  J.  2003, Response 
divers i ty,  ecosystem change, and res i l ience, Front iers in 
Ecology and the Envi ronment  1 (9) :  488-494.

1392. Cumming, G.S.,  Barnes,  G.,  Perz,  S. ,  Schmink, 
M.,  S iev ing,  K.E. ,  Southworth,  J. ,  B inford,  M.,  Hol t , 
R.D.,  St ick ler,  C. and Van Hol t ,  T.  2005, An exploratory 
f ramework for  the empir ica l  measurement of  res i l ience, 
Ecosystems  8 (8) :  975-987.

1393. Cumming, G.S. 2016, The re levance and res i l ience 
of  protected areas in the Anthropocene, Anthropocene  13: 
46-56.



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 335

1394. Davis,  A.M.,  Pearson, R.G.,  Brodie,  J.E.  and But ler, 
B.  2017, Review and conceptual  models of  agr icu l tura l 
impacts and water qual i ty  in waterways of  the Great 
Barr ier  Reef  catchment area,  Marine and Freshwater 
Research  68(1) :  1-19.

1395. Maynard,  J.A. ,  Marshal l ,  P.A. ,  Johnson, J.E. 
and Harman, S.  2010, Bui ld ing res i l ience into pract ica l 
conservat ion:  ident i fy ing local  management responses to 
g lobal  c l imate change in the southern Great Barr ier  Reef , 
Coral  Reefs  29:  381-391.

1396. MacNei l ,  M.A.,  Mel l in ,  C.,  Matthews, S. ,  Wol ff , 
N.H.,  McClanahan, T.R.,  Devl in,  M.,  Drovandi ,  C., 
Mengersen, K.  and Graham, N.A.J.  2019, Water qual i ty 
mediates res i l ience on the Great Barr ier  Reef ,  Nature 
Ecology and Evolut ion  3:  620-627.

1397. Hawkins,  E.  2018, Warming str ipes,  Cl imate Lab 
Book: Open Cl imate Science :  ht tp://www.cl imate- lab-
book.ac.uk/2018/warming-str ipes/.

1398. Sto larsk i ,  J. ,  K i tahara,  M.V.,  Mi l ler,  D.J. ,  Cai rns, 
S.D.,  Mazur,  M. and Meibom, A. 2011, The ancient 
evolut ionary or ig ins of  Scleract in ia revealed by 
azooxanthel late cora ls,  BMC Evolut ionary Bio logy  11(1) : 
316.

1399. Putnam, H.M.,  Barott ,  K.L. ,  A insworth,  T.D. and 
Gates,  R.D. 2017, The vulnerabi l i ty  and res i l ience of  reef-
bui ld ing cora ls,  Current Bio logy  27(11) :  R528-R540.

1400. Hughes, T.P.  1989, Community structure and 
divers i ty  of  cora l  reefs:  the ro le of  h istory,  Ecology  70(1) : 
275-279.

1401. Huston, M. 1985, Patterns of  species d ivers i ty  on 
cora l  reefs,  Annual  Review of  Ecology and Systemat ics 
16(1) :  149-177.

1402. Bel lwood, D.R.,  Hughes, T.P. ,  Folke,  C. and 
Nyström, M. 2004, Confront ing the cora l  reef  cr is is , 
Nature  429: 827-833.

1403. Bol t ,  B. ,  Nes,  E.H.,  Bath iany,  S. ,  Vol lebregt,  M.E. 
and Scheffer,  M. 2018, Cl imate reddening increases the 
chance of  cr i t ica l  t rans i t ions,  Nature Cl imate Change  8 (6) : 
478.

1404. Möl lmann, C.,  Folke,  C.,  Edwards,  M. and Convers i , 
A.  2015, Mar ine regime shi f ts around the g lobe: theory, 
dr ivers and impacts,  Phi losophica l  Transact ions of 
the Royal  Society B: Bio logica l  Sciences  370(1659): 
20130273.

1405. Hughes, T.P. ,  Barnes,  M.L. ,  Bel lwood, D.R.,  Cinner, 
J.E. ,  Cumming, G.S.,  Jackson, J.B.C.,  K leypas,  J. ,  van de 
Leemput,  I .A. ,  Lough, J.M.,  Morr ison, T.H.,  Palumbi,  S.R., 
Van Nes, E.H. and Scheffer,  M. 2017, Cora l  reefs in the 
Anthropocene, Nature  546: 82-90.

1406. Anthony,  K.R.N.,  Marshal l ,  P.A. ,  Abdul lah,  A. , 
Beeden, R.,  Bergh, C.,  Black,  R. ,  Eakin,  M.,  Game, 
E. ,  Gooch, M.,  Graham, N.,  Green, A. ,  Heron, S. ,  van 
Hooidonk, R.J. ,  Knowland, C.,  Mangubhai ,  S. ,  Marshal l , 
N. ,  Maynard,  J. ,  McGinni ty,  P. ,  McLeod, E. ,  Mumby, 
P.J. ,  Nyström, M.,  Obura,  D.,  Ol iver,  J. ,  Possingham, 
H.,  Pressey,  R.L. ,  Rowlands, G.,  Tamelander,  J. , 
Wachenfe ld,  D. and Wear,  S.  2015, Operat ional iz ing 
res i l ience for  adapt ive cora l  reef  management under g lobal 
env i ronmenta l  change, Global  Change Bio logy  21(1) :  48-
61.

1407. Kroon, F.J. ,  Thorburn,  P. ,  Schaffe lke,  B.  and 
Whit ten,  S.  2016, Towards protect ing the Great Barr ier 
Reef  f rom land-based pol lut ion,  Global  Change Bio logy 
22(6) :  1985-2002.

1408. van Oppen, M.J.H.,  Gates,  R.D.,  Blackal l ,  L.L. , 
Cant in,  N.,  Chakravart i ,  L.J. ,  Chan, W.Y.,  Cormick,  C., 
Crean, A. ,  Damjanovic,  K. ,  Epste in,  H.,  Harr ison, P.L. , 
Jones,  T.A. ,  Mi l ler,  M.,  Pears,  R.J. ,  Peplow, L.M.,  Raftos, 
D.A.,  Schaffe lke,  B. ,  Stewart ,  K. ,  Torda, G.,  Wachenfe ld, 
D.,  Weeks, A.R. and Putnam, H.M. 2017, Shi f t ing 
paradigms in restorat ion of  the wor ld’s cora l  reefs,  Global 
Change Bio logy  23(9) :  3437-3448.

1409. L iu,  G.,  Ski rv ing,  W.J. ,  Geiger,  E.F. ,  De La Cour, 
Jacquel ine L,  Marsh,  B.L. ,  Heron, S.F. ,  T i rak,  K.V. ,  Strong, 
A.E.  and Eakin,  C.M. 2017, NOAA Cora l  Reef  Watch’s 5km 
sate l l i te  cora l  b leaching heat stress monitor ing product 
su i te vers ion 3 and four-month out look vers ion 4,  Reef 
Encounter  32(1) :  39-45.

1410. Whitehead, A.L. ,  Kuja la,  H.,  Ives,  C.D.,  Gordon, A. , 
Lent in i ,  P.E. ,  W int le,  B.A.,  Nicholson, E.  and Raymond, 
C.M. 2014, Integrat ing b io logica l  and socia l  va lues 
when pr ior i t iz ing p laces for  b iodivers i ty  conservat ion, 
Conservat ion Bio logy  28(4) :  992-1003.

1411. Sato,  Y. ,  Bel l ,  S.C.,  Nichols,  C.,  Fry,  K. ,  Menéndez, 
P.  and Bourne, D.G. 2018, Ear ly-phase dynamics in cora l 
recovery fo l lowing cyclone disturbance on the inshore 
Great Barr ier  Reef ,  Austra l ia ,  Coral  Reefs  37:  431-443.

1412. Connel l ,  J .H.,  Hughes, T.P.  and Wal lace,  C.C. 
1997, A 30-year study of  cora l  abundance, recru i tment, 
and disturbance at  severa l  scales in space and t ime, 
Ecologica l  Monographs  67(4) :  461-488.

1413. Gi lmour,  J.P. ,  Smith,  L.D.,  Heyward, A.J. ,  Bai rd, 
A.H. and Pratchett ,  M.S. 2013, Recovery of  an iso lated 
cora l  reef  system fo l lowing severe d isturbance, Science 
340(6128):  69-71.

1414. King,  O.C.,  Smith,  R.A. and Warne, M.S. 2017, 
Proposed Defaul t  Guidel ine Values for  the Protect ion 
of  Aquat ic Ecosystems: Diuron: mar ine ,  Department of 
Science, Informat ion Technology and Innovat ion,  Br isbane.

1415. Schoepf,  V. ,  Grotto l i ,  A.G.,  Levas,  S.J. , 
Aschaffenburg,  M.D.,  Baumann, J.H.,  Matsui ,  Y.  and 
Warner,  M.E. 2015, Annual  cora l  b leaching and the 
long-term recovery capaci ty of  cora l ,  Proceedings of  the 
Royal  Society of  London Ser ies B: Bio logica l  Sciences 
282(1819):  20151887.

1416. Dunning, M.,  Yeomans, K.M. and McKinnon, 
S.  2000, Development of  a northern Austra l ian squid 
f ishery ,  Queensland Department of  Pr imary Industr ies and 
F isher ies,  Br isbane.

1417. Rigby,  C.L. ,  Daley,  R.K. and Simpfendorfer,  C.A. 
2016, Compar ison of  l i fe  h istor ies of  two deep-water 
sharks f rom eastern Austra l ia :  the p iked spurdog and 
the Phi l ippine spurdog, Marine and Freshwater Research 
67(10) :  1546-1561.

1418. Last ,  P.R.,  Pogonoski ,  J.J. ,  Gledhi l l ,  D.C.,  White, 
W.T. and Walker,  C.J.  2014, The deepwater demersal 
ichthyofauna of  the western Cora l  Sea, Zootaxa  3887(2) : 
191-224.

1419. Jones,  R.,  Bessel l -Browne, P. ,  F isher,  R. , 
K lonowski ,  W. and Sl ivkoff ,  M. 2016, Assessing the 
impacts of  sediments f rom dredging on cora ls,  Marine 
Pol lut ion Bul let in  102(1) :  9-29.

1420. Pineda, M.,  Strehlow, B.,  Duckworth,  A. ,  Doyle, 
J. ,  Jones,  R. and Webster,  N.S. 2016, Effects of  l ight 
at tenuat ion on the sponge holobiont- impl icat ions for 
dredging management,  Scient i f ic  Reports  6:  39038.

1421. Pol lock,  F.J. ,  Lamb, J.B.,  F ie ld,  S.N.,  Heron, S.F. , 
Schaffe lke,  B. ,  Shedrawi,  G.,  Bourne, D.G. and Wi l l is ,  B.L. 
2016, Correct ion:  Sediment and turb id i ty  associated with 
offshore dredging increase cora l  d isease prevalence on 
nearby reefs,  PLoS ONE  11(1) :  e0165541.

1422. Thomas, L. ,  Kendr ick,  G.A.,  Stat ,  M.,  Travai l le , 
K.L. ,  Shedrawi,  G. and Kennington, W.J.  2014, 
Populat ion genet ic structure of  the Poci l lopora damicorn is 
morphospecies a long Ningaloo Reef,  Western Austra l ia , 
Marine Ecology Progress Ser ies  513: 111-119.

1423. F isher ies Queensland 2010, Declared F ish Habi tat 
Area Network Strategy 2009-14: Planning for  the future 
of  Queensland’s declared f ish habi tat  area network , 
Department of  Employment,  Economic Development and 
Innovat ion,  Br isbane.

1424. Uth icke,  S.  and Benzie,  J.A.H. 2000, Effect  of 
Bêche-de-mer f ish ing on densi t ies and s ize structure 
of  Holothur ia nobi l is  (Echinodermata:  Holothuro idea) 
populat ions on the Great Barr ier  Reef ,  Coral  Reefs  19: 
271-276.

1425. Shie l l ,  G. and Uth icke,  S.  2006, Reproduct ion 
of  the commercia l  sea cucumber Holothur ia whi tmaei 
(Holothuro idea: Aspidchi rot ida)  in the Indian and Paci f ic 
Ocean regions of  Austra l ia ,  Marine Bio logy  148: 937-986.

1426. Johnson, J.E.  and Welch,  D.J.  2016, Cl imate 
change impl icat ions for  Torres Stra i t  f isher ies:  assessing 
vu lnerabi l i ty  to in form adaptat ion,  Cl imat ic Change  135(3-
4) :  611-624.

1427. Welch,  D.J. ,  Saunders,  T. ,  Robins,  J. ,  Harry, 
A. ,  Johnson, J. ,  Maynard,  J. ,  Saunders,  R. ,  Pecl ,  G., 
Sawynok, B. and Tobin,  A.  2014, Impl icat ions of  c l imate 
change on f isher ies resources of  northern Austra l ia .  Part 
1:  Vulnerabi l i ty  assessment and adaptat ion opt ions .  FRDC 
Project  No. 2010/565, James Cook Univers i ty,  Townsvi l le .

1428. Department of  Agr icu l ture and F isher ies 2018, Sea 
cucumber work ing group communique 6 December 2018 , 
Queensland Government,  Department of  Agr icu l ture and 
F isher ies,  ht tps://www.daf.q ld.gov.au/business-pr ior i t ies/
f isher ies/susta inable/susta inable- f isher ies-strategy/
f ishery-work ing-groups/sea-cucumber-work ing-group/
communiques/communique-6-december-2018.



336 REFERENCES

1429. Davies,  C.R. 1996, Appropr iate spat ia l  scales for 
mar ine f ishery reserves for  management of  cora l  t rout, 
Plectropomus leopardus ,  on the Great Barr ier  Reef ,  in 
The Great Barr ier  Reef ,  Science, Use and Managment.  A 
Nat ional  Conference. Proceedings Volume 2 ,  eds.  Great 
Barr ier  Reef  Mar ine Park Author i ty,  Great Barr ier  Reef 
Mar ine Park Author i ty,  Townsvi l le ,  pp. 194.

1430. Zel ler,  D.  2017, Home range and act iv i ty  patterns 
of  the cora l  t rout Plectropomus leopardus  (Serranidae) , 
Marine Ecology Progress Ser ies  154: 65-77.

1431. Graham, N.A.J. ,  Evans,  R.D. and Russ,  G.R. 2003, 
The effects of  mar ine reserve protect ion on the t rophic 
re lat ionships of  reef  f ishes on the Great Barr ier  Reef , 
Envi ronmenta l  Conservat ion  30(2) :  200-208.

1432. Wen, C.K.C.,  Pratchett ,  M.S.,  A lmany, G.R. 
and Jones, G.P. 2013, Patterns of  recru i tment and 
microhabi tat  associat ions for  three predatory cora l  reef 
f ishes on the southern Great Barr ier  Reef ,  Austra l ia ,  Coral 
Reefs  32:  389-398.

1433. W i l l iamson, D.H.,  Ceccare l l i ,  D.M.,  Evans,  R.D., 
Jones,  G.P. and Russ,  G.R. 2014, Habi tat  dynamics, 
mar ine reserve status,  and the decl ine and recovery of 
cora l  reef  f ish communit ies,  Ecology and Evolut ion  4:  337-
354.

1434. W i l l iamson, D.H.,  Russ,  G.R. and Ayl ing,  A.M. 2004, 
No-take mar ine reserves increase abundance and biomass 
of  reef  f ish on inshore f r ing ing reefs of  the Great Barr ier 
Reef ,  Envi ronmenta l  Conservat ion  31(2) :  149-159.

1435. Sweatman, H.,  Cheal ,  A. ,  Emsl ie,  M.,  Johns, K. , 
Jonker,  M.,  Mi l ler,  I .  and Osborne, K.  2015, Effects of 
mar ine park zoning on cora l  reefs of  the Capr icorn-Bunker 
Group. Report  on surveys in October 2015: report  to 
the Nat ional  Env i ronmenta l  Science Program ,  Reef  and 
Rainforest  Research Centre L imited, Cairns.

1436. Scott ,  M.E.,  Heupel ,  M.R.,  S impfendorfer,  C.A., 
Mat ley,  J.K.  and Pratchett ,  M.S. 2019, Lat i tudina l  and 
seasonal  var iat ion in space use by a large,  predatory reef 
f ish,  Plectropomus leopardus ,  Funct ional  Ecology  33: 
670-680.

1437. Johansen, J.L. ,  Messmer,  V. ,  Coker,  D.J. ,  Hoey, 
A.S. and Pratchett ,  M.S. 2014, Increasing ocean 
temperatures reduce act iv i ty  patterns of  a large 
commercia l ly  important cora l  reef  f ish,  Global  Change 
Bio logy  20(4) :  1067-1074.

1438. Richardson, L.E. ,  Graham, N.A.,  Pratchett ,  M.S. 
and Hoey, A.S. 2017, Structura l  complex i ty  mediates 
funct ional  st ructure of  reef  f ish assemblages among cora l 
habi tats,  Envi ronmenta l  Bio logy of  F ishes  100(3) :  193-207.

1439. L impus, C.J.  and L impus, D.J.  2003, Loggerhead 
turt les in the equator ia l  and southern Paci f ic  Ocean: a 
species in decl ine,  in Loggerhead Sea Turt les ,  eds A.B. 
Bol ten and B.E. W ither ington, Smithsonian Inst i tut ion, 
Washington DC, pp. 199-209.

1440. Heppel l ,  S.S.  and Crowder,  L.B. 1996, Analys is 
of  a f isher ies model  for  harvest  of  hawksbi l l  sea turt les 
(Eretmochelys imbr icata)  Conservat ion Bio logy  10(3) :  874-
880.

1441. L impus, C.,  Parmenter,  C.J.  and Chaloupka, M. 
2013, Monitor ing of  Coasta l  Sea Turt les:  Gap Analys is. 
1.  Loggerhead Turt les,  Caretta caretta,  in the Port  Curt is 
and Port  A lma Region ,  Report  produced by the Ecosystem 
Research and Monitor ing Program Advisory Committee as 
part  of  the Gladstone Ports Corporat ion’s Research and 
Monitor ing Program.

1442. Al faro-Shigueto,  J. ,  Mangel ,  J. ,  Darquea, J. , 
Donoso, M.,  Baquero,  A. ,  Doherty,  P.  and Godley,  B. 
2018, Untangl ing the impacts of  nets in the southeastern 
Paci f ic :  Rapid assessment of  mar ine turt le bycatch to set 
conservat ion pr ior i t ies in smal l -scale f isher ies,  Fisher ies 
Research  206: 185-192.

1443. Al faro-Shigueto,  J. ,  Mangel ,  J.C.,  Bernedo, F. , 
Dutton,  P.H.,  Seminoff ,  J.A.  and Godley,  B.J.  2011, Smal l -
scale f isher ies of  Peru:  A major s ink for  mar ine turt les in 
the Paci f ic ,  Journal  of  Appl ied Ecology  48:  1432-1440.

1444. Great Barr ier  Reef  Mar ine Park Author i ty  2014, 
A Vulnerabi l i ty  Assessment for  the Great Barr ier  Reef : 
Dugongs ,  Great Barr ier  Reef  Mar ine Park Author i ty, 
Townsvi l le .

1445. Meager,  J.J.  and L impus, C. 2014, Morta l i ty  of 
inshore mar ine mammals in Eastern Austra l ia  is  predicted 
by f reshwater d ischarge and a i r  temperature,  PLoS ONE 
9 (4) :  e94849.

1446. Great Barr ier  Reef  Mar ine Park Author i ty  2014, 
Great Barr ier  Reef  Region Strategic Assessment:  Strategic 
Assessment Report ,  Great Barr ier  Reef  Mar ine Park 
Author i ty,  Townsvi l le .

1447. Meager,  J.J.  2016, Marine wi ld l i fe  st randing and 
morta l i ty  database annual  report  2013-2015: Dugong , 
Conservat ion Technica l  and Data Report  2:  1-22.

1448. Marsh,  H.,  L impus, C.J. ,  Meager,  J. ,  Moise l ,  A. , 
Read, M.,  Salmon, S.  and Sobtz ick,  S.  2018, The Role of 
StrandNet in Monitor ing Megafauna in the Coasta l  Waters 
of  the Great Barr ier  Reef .  Reef  2050 Integrated Monitor ing 
and Report ing Program: Report  of  the Mar ine Megafauna 
Expert  Work ing Group ,  Great Barr ier  Reef  Mar ine Park 
Author i ty,  Townsvi l le .

1449. Department of  the Envi ronment 2018, Dugong 
dugon in Species Prof i le  and Threats Database , 
Department of  the Envi ronment,  ht tp://www.envi ronment.
gov.au/cgi-b in/sprat/publ ic/publ icspecies.p l?taxon_id=28.

1450. Woinarsk i ,  J.C.Z. ,  Burbidge, A.A. and Harr ison, P.L. 
2014, The Act ion Plan for  Austra l ian Mammals ,  CSIRO 
Publ ish ing,  Col l ingwood.

1451. Marsh,  H.,  Corkeron, P. ,  Lawler,  I .R. ,  Lanyon, J.M. 
and Preen, A.R. 1995, The status of  the dugong in the 
southern Great Barr ier  Reef  Mar ine Park ,  Department of 
Tropica l  and Envi ronmenta l  Studies and Geography,  James 
Cook Univers i ty,  Townsvi l le .

1452. Marsh,  H.,  De’ath,  G.,  Gr ibble,  N.A. and Lane, B. 
2001, Shark Contro l  Records Hindcast Ser ious Decl ine 
in Dugong Numbers of f  the Urban Coast of  Queensland , 
Great Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

1453. Marsh,  H.,  De’ath,  G.,  Gr ibble,  N.A. and Lane, B. 
2005, Histor ica l  mar ine populat ion est imates:  t r iggers 
or  targets for  conservat ion? The dugong case study, 
Ecologica l  Appl icat ions  15(2) :  481-492.

1454. Tul loch, V.J.D.,  P lagányi ,  ÉE.,  Brown, C., 
Richardson, A.J.  and Matear,  R.  2019, Future recovery 
of  baleen whales is  imper i led by c l imate change, Global 
Change Bio logy  25(4) :  1263-1281.

1455. Department of  the Envi ronment and Energy 2017, 
Austra l ia  State of  the Envi ronment 2016 ,  Department of 
the Envi ronment and Energy,  Canberra.

1456. Austra l ia  Internat ional  Counci l  on Monuments 
and Si tes ( ICOMOS) 2018, Risk Preparedness ,  Austra l ia 
ICOMOS, https://austra l ia . icomos.org/resources/austra l ia-
icomos-her i tage-toolk i t / r isk-preparedness/.

1457. Queensland Land Tr ibunal  1996, Abor ig ina l  Land 
Cla im to Cl i f f  Is lands Nat ional  Park:  Report  of  the Land 
Tr ibunal  establ ished under the Abor ig ina l  Land Act 1991 
to the Hon the Min ister  for  Natura l  Resources ,  The 
Tr ibunal ,  Br isbane.

1458. Rigsby,  B.  1999, Abor ig ina l  people,  spi r i tua l i ty  and 
the t radi t ional  ownership of  land, Internat ional  Journal  of 
Socia l  Economics  26:  963-976.

1459. Off ice of  the Registrar  of  Indigenous Counci ls  2018, 
Taking Care of  Country ,  ORIC, ht tp://www.or ic.gov.au/
publ icat ions/spot l ight/ tak ing-care-country.

1460. Lama Lama Land Trust  and State of  Queensland 
2008, Lama Lama Indigenous Management Agreement , 
Indigenous Studies Program, The Univers i ty  of  Melbourne, 
ht tps://www.atns.net.au/agreement.asp?Ent i ty ID=4716.

1461. State of  Queensland, L iddy,  A. ,  Bassani ,  G. and 
Peter,  P.  2010, Marpa Nat ional  Park (Cape York Peninsula 
Abor ig ina l  Land) Indigenous Land Use Agreement ( ILUA), 
Indigenous Studies Program ,  The Univers i ty  of  Melbourne, 
ht tps://www.atns.net.au/agreement.asp?Ent i ty ID=5417.

1462. Yint j ingga Abor ig ina l  Corporat ion 2018, Lama 
Lama Yint j ingga News ,  ht tps://www.nespnorthern.edu.au/
publ icat ions/the-y int j ingga-abor ig ina l-corporat ions- lama-
lama-rangers/.

1463. Austra l ia  Internat ional  Counci l  on Monuments 
and Si tes 2013, The Burra Charter :  Austra l ia  ICOMOS 
Charter  for  P laces of  Cul tura l  S igni f icance 2013 ,  Austra l ia 
ICOMOS Incorporated, Burwood, V ic.

1464. Fa i rbr idge, R.W. and Teichert ,  C. 1948, The Low 
Is les of  the Great Barr ier  Reef :  a new analys is,  The 
Geographica l  Journal  111(1/3) :  67-88.

1465. Great Barr ier  Reef  Mar ine Park Author i ty  2012, Lady 
El l iot  Is land L ightstat ion Her i tage Management Plan ,  Great 
Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .

1466. Great Barr ier  Reef  Mar ine Park Author i ty  2018, Low 
Is let  L ightstat ion and Low Is land Her i tage Register ,  Great 
Barr ier  Reef  Mar ine Park Author i ty,  Townsvi l le .



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 337

1467. Great Barr ier  Reef  Mar ine Park Author i ty  2017, 
Managing Cumulat ive Impacts and Achiev ing No Net Loss 
and Net Benef i t  Outcomes for  the Great Barr ier  Reef : 
A Review of  Current Understanding and Appl icat ion for 
Management ,  Great Barr ier  Reef  Mar ine Park Author i ty, 
Townsvi l le .

1468. Great Barr ier  Reef  Mar ine Park Author i ty  2018, 
Cumulat ive Impact Management Pol icy ,  Great Barr ier  Reef 
Mar ine Park Author i ty,  Townsvi l le .

1469. Dobbs, K. ,  Day,  J. ,  Skeat,  H.,  Baldwin,  J. ,  Mol loy, 
F. ,  McCook, L.J. ,  Johnson, M.,  E l l iot ,  B. ,  Skeat,  A. , 
Vohland, K. ,  Wachenfe ld,  D. and Kenchington, R. 2011, 
Developing a long-term out look for  the Great Barr ier  Reef , 
Austra l ia :  A f ramework for  adapt ive management report ing 
underpinning an ecosystem-based management approach, 
Marine Pol icy  35(2) :  233-240.

1470. Tay lor  B,  Vel la K,  Maclean K, Newlands M, Ri tch ie 
B, Lockie S,  Lacey J,  Bares i  U,  Barber M, Koopman 
D (2019) Reef Restorat ion and Adaptat ion Program: 
Engagement Framework (Draf t ) .  A report  prov ided to the 
Austra l ian Government f rom the Reef Restorat ion and 
Adaptat ion Program (28 pp) .

1471. Standards Austra l ia  2018, AS ISO 31000:2018 Risk 
Management:  Guidel ines ,  SAI  Global  Pty Ltd,  Sydney.

1472. Great Barr ier  Reef  Mar ine Park Author i ty  2018, 
‘Summary of  Publ ic Consul tat ion:  On the Draf t  Abor ig ina l 
and Torres Stra i t  Is lander Her i tage Strategy for  the Great 
Barr ier  Reef  Mar ine Park’ ,  Unpubl ished report .

1473. Lamb, J.B.,  Wenger,  A.S.,  Devl in,  M.J. ,  Ceccare l l i , 
D.M.,  W i l l iamson, D.H. and Wi l l is ,  B.L.  2016, Reserves 
as tools for  a l lev iat ing impacts of  mar ine d isease, 
Phi losophica l  Transact ions of  the Royal  Society B: 
Bio logica l  Sciences  371(1689):  20150210.

1474. Uth icke,  S. ,  Fabr ic ius,  K. ,  De’ath,  G.,  Negr i , 
A. ,  Smith,  R. ,  Warne, M.,  Noonan, S. ,  Johansson, 
C.,  Gorsuch, H. and Anthony,  K.  2016, Mult ip le and 
cumulat ive impacts on the GBR: assessment of  current 
status and development of  improved approaches for 
management:  f ina l  report  pro ject  1.6 report  to the 
Nat ional  Env i ronmenta l  Science Programme ,  Reef  and 
Rainforest  Research Centre L imited, Cairns.

1475. Harborne,  A.R.,  Rogers,  A. ,  Bozec, Y.M. and 
Mumby, P.J.  2017, Mult ip le stressors and the funct ion ing 
of  cora l  reefs,  Annual  Review of  Mar ine Science  9:  445-
468.

1476. Great Barr ier  Reef  Mar ine Park Author i ty  2016, 
A Vulnerabi l i ty  Assessment for  the Great Barr ier  Reef : 
Freshwater Wet lands ,  Great Barr ier  Reef  Mar ine Park 
Author i ty,  Townsvi l le .

1477. Foley,  M.M.,  Mease, L.A. ,  Martone, R.G.,  Prahler, 
E.E. ,  Morr ison, T.H.,  Murray,  C.C. and Wojc ik,  D.  2017, 
The chal lenges and opportuni t ies in cumulat ive effects 
assessment,  Envi ronmenta l  Impact Assessment Review 
62:  122-134.

1478. Fraser,  K.A.,  Adams, V.M.,  Pressey,  R.L.  and 
Pandol f i ,  J .M. 2017, Purpose, pol icy,  and pract ice:  Intent 
and rea l i ty  for  on-ground management and outcomes of 
the Great Barr ier  Reef  Mar ine Park,  Marine Pol icy  81: 
301-311.

1479. Bel lwood, D.R.,  Pratchett ,  M.S.,  Morr ison, T.H., 
Gurney,  G.G.,  Hughes, T.P. ,  Á lvarez-Romero, J.G., 
Day,  J.C.,  Grantham, R.,  Grech, A.  and Hoey, A.S. ( in 
press) ,  Cora l  reef  conservat ion in the Anthropocene: 
Confront ing spat ia l  mismatches and pr ior i t iz ing funct ions, 
Biologica l  Conservat ion ,  ht tps://doi .org/10.1016/ j .
b iocon.2019.05.056.

1480. Heron, S.F. ,  Eakin,  C.M. and Douvere,  F.  2017, 
Impacts of  c l imate change on Wor ld Her i tage cora l  reefs: 
a f i rst  g lobal  sc ient i f ic  assessment ,  UNESCO Wor ld 
Her i tage Centre,  Par is .

1481. Great Barr ier  Reef  Mar ine Park Author i ty  and 
Queensland Parks and Wi ld l i fe  Serv ice 2018, Reef Joint 
F ie ld Management Program Annual  Report  Summary 
2017-18 ,  Great Barr ier  Reef  Mar ine Park Author i ty  and 
Queensland Parks and Wi ld l i fe  Serv ice,  Townsvi l le .

1482. Tarte,  D.,  Hart ,  B. ,  Hughes, T.  and Hussey,  K.  2017, 
Reef 2050 Long-Term Susta inabi l i ty  P lan:  Progress on 
implementat ion.  Review by Great Barr ier  Reef  Independent 
Review Group .

1483. Marshal l ,  N.A.,  Marshal l ,  P.A.  and Smith,  A.K. 2017, 
Managing for  Aesthet ic Values in the Great Barr ier  Reef : 
Ident i fy ing Indicators and L ink ing Reef Aesthet ics wi th 
Reef  Heal th.  Report  to the Nat ional  Env i ronmenta l  Science 
Programme ,  Reef  and Rainforest  Research Centre L imited, 
Cairns.

1484. Dechnik,  B. ,  Webster,  J.M.,  Davies,  P.J. ,  Braga, 
J.C. and Reimer,  P.J.  2015, Holocene “turn-on” and 
evolut ion of  the Southern Great Barr ier  Reef :  Revis i t ing 
reef  cores f rom the Capr icorn Bunker Group, Marine 
Geology  363: 174-190.

1485. Great Barr ier  Reef  Mar ine Park Author i ty  2018, 
DRAFT Permiss ion System: Appl icat ions for  intervent ions 
to improve res i l ience of  cora l  reef  habi tat  in the Great 
Barr ier  Reef  Mar ine Park ,  Great Barr ier  Reef  Mar ine Park 
Author i ty,  ht tp://hdl .handle.net/11017/3341.

1486. Hughes, T.P. ,  Bel lwood, D.R.,  Folke,  C.,  Steneck, 
R.S. and Wi lson, J.  2005, New paradigms for  support ing 
the res i l ience of  mar ine ecosystems, Trends in Ecology 
and Evolut ion  20(7) :  380-385.

1487. Queensland Government 2018, Raine Is land 
Recovery Pro ject ,  Queensland Government,  ht tps://www.
npsr.q ld.gov.au/ra ine is land/.

1488. Zoologica l  Society of  London 2018, Conservat ion 
Technology:  Detect ing I l legal  F ish ing Vessels ,  Zoologica l 
Society of  London, ht tps://www.zs l .org/conservat ion/
conservat ion- in i t iat ives/conservat ion-technology/
detect ing- i l legal- f ish ing-vessels; .



338 REFERENCES



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 339

Abbot Point (port)  136–8, 143–4
Aboriginal and Torres Strait Islander Heritage 

Strategy for the Great Barrier Reef Marine  
 Park (2019)  92, 96, 214, 236, 246, 267

Aboriginal and Torres Strait Islander peoples see 
Traditional Owners

Acanthaster cf. solaris  74
acid sulfate soils  170–1
Acropora corals  31–2, 227
Action Plan for Australian Mammals 2014  235
advisory committees  195
see also Indigenous Reef Advisory Committee, Local 

Marine Advisory Committees; Tourism   
Reef Advisory Committee

aesthetic heritage values  86, 101, 105, 170
agricultural land management practices  v, 173, 177–8, 

211
agricultural pollution  168, 173–4, 180–1
agricultural production
 Catchment  168, 177–8
 Queensland  159
aircraft wrecks, underwater  98–9, 105, 185, 204, 

214–5
anchor damage  132, 146, 184
anchorages  143, 204
 cruise ships  141–3
 disturbance from ships anchoring  145–6
animal pests  22, 75–6, 134, 146, 169
annual temperature, Australia’s average  162
anthropogenic sediment load  53–5, 173
antifouling paint  145, 175, 206
apex predators  35, 38, 63
aquaculture  117, 169
archaeological studies of known Aboriginal and Torres 

Strait Islander activities  93–4
artificial light, impacts  37, 140, 171, 184, 233–34
Asian green mussels  75
assessing protection and management measures  

198–200
 assessment method  199
 information used  200
 scope  199
assessment approach  8–11
 assessment grades and grading 
  statements  10
 criteria and their components  8
 trend and confidence  10–11
assessment of existing protection and   

 management approach  196–200
managing direct use
 commercial marine tourism  200–1
 defence activities  201
 fishing  202–3

 ports  204
 recreation (not including fishing)  204–5
 research activities  205–6
 shipping  206
 traditional use of marine resources  206–7
managing external factors
 climate change  207–9
 coastal development  209–10
 land-based run-off  210–1
managing to protect the Region’s values
 biodiversity values  211–3
 community benefits of the environment  215
 heritage values  214–5
assessment of management approaches  215
 engagement  216–7
 environmental regulation  215–6
 knowledge, innovation and integration  217
assessment summary
 biodiversity  42–4
 commercial and non-commercial use  151–2
 ecosystem health  78–81
 existing protection and management  218–20
 factors influencing the Reef’s values  186–8
 heritage values  102–5
 long-term outlook  270
 resilience  240–1
 risks to the Region’s values  255–6
Association of Marine Park Tourism Operators  113
atmospheric carbon dioxide  163, 165–6
 absorption by oceans  60, 163
atmospheric carbon dioxide concentration  166
 global changes  162
atmospheric pollution  171, 283
Australian Defence Force  115
Australian Government
 bilateral agreement with Queensland 

Government  216
 jurisdictional boundaries  6, 193–5
Australian humpback dolphin  40
Australian Institute of Marine Science  135, 217
 long-term monitoring program  217
 survey data on coral decline  229
Australian Marine Debris Initiative  174–5
Australian Maritime Safety Authority  142–4, 195, 206
Australian National Shipwreck Database,  98–9, 215
Australian pied oystercatchers  39
Australian Renewable Energy Agency  267
Australian snapper  121
Australian snubfin dolphin  40
Australian Standard for risk management (AS/ISO 

31000:2018)  246, 248, 286

I N D E X



340 INDEX

baleen whales  39
Banks, Joseph  102
barcheek coral trout  231
bark canoes  95
barred javelin  117, 126, 168–70
barriers to flow of waterways  169–70, 252, 283
benthic algae  30, 62, 179
 abundance  30–1
 growth forms  30
bioaccumulation  181–2
biodiversity  17–45
 assessment summary  42–4
 background  17–8
 current condition and trends of habitats to  

 support species  21–8, 42–3
current condition and trends of populations of   

species and groups of species  29–41, 43–4
 environmental regulation  267
 legacy human use impacts  18
 overall summary  45
 shifting baselines  18–20
 values, protection in the Region  211–13
Biodiversity and Ecosystems Climate  

Adaptation Plan  208
Biodiversity Conservation Strategy  212, 216 

biofouling  146, 204
Biosecurity Act 2015 (Cth)  146
Biosecurity Queensland  75
birds see seabirds; shorebirds
black jewfish  120, 126, 128
black teatfish (sea cucumber)  32, 122
 evidence for recovery or decline  231
 management  231
 resilience case study  230–1, 242
blue–green algal blooms  77
blue swimmer crabs  122
bluespotted coral trout  231
boat ramps  124, 134, 170
boat strikes  132, 145, 184
Bob Endean Reef  99
bony fishes
 condition and abundance  33–5
 threats  35
bottom trawling  26, 230
branching corals  229
brown band coral disease  74
Bruguiera
 cylindrical  29
 x dungarra  29
 hainesii  29, 90
Burdekin NRM
 agricultural land management practices  178
 coastal development  168
 dissolved inorganic nutrients  179-80
 freshwater inflows  52, 53
 macroalgae abundance  31
Burnett–Mary NRM
 agricultural land management practices  178
 coastal development  168
 freshwater inflows  52
 nutrient loads  58

 rainforest clearing  73
 remnant woodlands and forests ecosystem  72
 restrictions on riparian clearing  210
Burra Charter  238
butterflyfish, monitoring  34–5
bycatch  127, 128, 233
bycatch reduction devices  124, 233

Cairns Area Plan of Management 1998 (amended 
2008)  112, 201, 216

Cairns management area, tourism visitation  112
Cairns (port)  136–8, 143, 144
Cairns–Cooktown Management Area, crown-of-thorns 

outbreaks  75
calcification rates  66, 89, 165
calcium carbonate accretion  60, 66
canopy cover, mangrove forests, cyclone Marcia 

impact  22–3
canyons, continental shelf  27–8
Cape Flattery (port)  136
Cape Grenville, coral reef decline  229
Cape York NRM
 agricultural land management practices  178
 coastal development  167–8
 freshwater inflows  52
 land-based pollutant remediation  170
 marine debris  174–5
 rainforest ecosystems  73
 remnant heath and shrubland areas  72
 remnant woodlands and forests ecosystem  72
 restrictions on riparian clearing  210
carbon emissions  55, 60, 114, 141, 160–3, 227
Catalina flying boats (wrecks)  99, 215
catch-and-release practices  128
Centre of Excellence for Coral Reef Studies  229
cetaceans  39
charter fishing  117–8
chemical pollutants  116, 145, 175, 182–4
chemical processes
 assessment statements  79
 current condition and trends  58–60
chemical spills  134, 184, 252
Chengyang Eminence (ship), near miss  145
chlorophyll-a concentrations  62, 173
Clean Energy Finance Corporation  267
climate change
 assessment of existing protection and   

 management measures  207–9
 environmental regulation  267
 Marine Park Authority activities  208
 habitat resilience capability  21, 167
 impact on corals/coral reefs  24–5, 31–2, 
  165, 227
 impact on estuarine crocodiles  38
 impact on invertebrates  32
 impact on lagoon floor  26
 impact of land clearing on  70
 impact on mangrove forests  22
 impact on marine turtles  37
 impact on seagrass  24, 165
 impact on sharks and rays  35
 impact on the Region’s values  161–7, 189
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 implications for regional communities  167
 and long-term outlook for the Reef  v, 271
 and prospects for the outstanding universal  

 value of the GBRWHA  264
 Queensland Government activities  207–8
 and resilience  225, 236–37, 241 
 socio-economic implications  208
 as threat to habitats  21
 tourists perceive it as major threat to the Reef   

 101, 114
 and Traditional Owners  208
 trends  161–4
 vulnerability of Region’s ecosystems to  165–7
Climate Change Action Plan  208, 216
Climate Change Strategy and Action Plan 2012– 

 2017 (Climate Change Action Plan)  208
climate policy dissonance  207
clownfish–anemone relationships  64
coal dust contamination  140
coal production  169
coastal development in the Catchment
 assessment of existing protection and   

 management measures  209–10
 environmental regulation  266
 impact on the Region’s values  167–71, 189
 implications for regional communities  171
 planning  195, 209–10
 trends  168–70
 vulnerability of the Region’s ecosystem to  170–1
coastal ecosystems management  210
coastal ecosystems that support the Reef  68–73
 assessment statements  80
 changes in vegetation extent  69–70
 condition assessment  68
 function  68
 modifying effects from coastal development  170
coastal landscapes  101
Coastal Protection and Management Act 1995 (Qld)  

195, 209
coastal residents
 activities contributing to their use and enjoyment  

 of the Region  130–1
 number of days residents visited the Reef  130–1
 Reef contribution to their quality of life and  

 wellbeing  132
coastlines  22
cobia  126
commercial and non-commercial use  109–53
 assessment summary  151–2
 background  109–10
 commercial marine tourism  111–5
 defence activities  115–6
 economic and social benefits  110–1
 fishing  117–29
 impacts of use on the Region’s values  110, 152
 non-Reef dependent uses  110
 overall summary  153
 ports  135–40
 recreation (not including fishing)  130–4
 Reef-dependent uses  110
 research and educational activities  134–5
 shipping  140–7

 traditional use of marine resources  148–50
commercial fishers  126
commercial fishing
 benefits  126
 current condition and trends  118–25
 economic contribution to Australian economy   

 110–1, 126
 harvest data  118–9
 impacts  126–9, 184
 offences  129
commercial fishing vessels, groundings  133
commercial marine tourism  111–5, 151–2, 182
 assessment of existing protection and   

 management measures  200–1
 benefits  113–4
 current condition and trends  111–3
 impacts  114–5
 management  112–3, 200–1
 number of tourism visitor days  111–2
 total visitation to Cairns and Whitsundays  

 management areas  112
commercial ships  140–7
commercial tourism vessels, groundings  133
common coral trout  231
Commonwealth Coral Sea Marine Park  193–4
Commonwealth Heritage List  95–7, 215, 238, 275
Commonwealth heritage places  95–7, 104
 management  95
 see also shipwrecks, historic
Commonwealth heritage value  95–7
 assessment statement  104
Commonwealth lightstations  95–6, 105, 185, 214, 

238–9
community-based programs  132, 215, 267
community benefits of the environment  215
community members  6, 182,193, 195, 236, 257, 266
community views
 in risk assessment process  246
 on threats to the Reef  247
competition  66–7, 80, 277
compliance
 importance of  125, 148–9, 203, 209
 monitoring  160
compliance systems  129, 202, 216
connectivity  25, 50–1, 64, 67–8, 226, 252, 254, 277,  

 287, 
 barriers to  67, 287–91
 in coastal ecosystems  68, 287
 and redistribution of species  68
continental islands  21, 277–8
continental shelf, evolutionary history  89
continental slope
 disturbances  28, 128
 features  27, 277
 habitat  27–8, 43
Convention for Conservation of Migratory Species 

(CMS)  233
Convention for International Trade of Endangered 

Species (CITES)  233
Cooktown (port)  135–6, 138
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coral bleaching
 impact on bony fishes  3, 189, 231–3
 impact on coral  24, 31, 161, 189, 228–30
 impact on symbionts  32–3, 64
 mass bleaching events and coral mortality  v, 21,  

 24–5, 31, 65, 67, 161, 221, 228–9
coral cays  21, 277–8
coral communities, recovery  25, 213, 229–30
coral composition
 changes following mass bleaching events  65,  

 67
 historical changes  19–20
coral cores  19–20, 89
coral cover
 and coral trout abundance  63, 232
 trends since 1986  229
coral disease  31, 58, 73–4, 289
coral fishery  122
coral habitat, large-scale loss  21
coral recovery  25, 213, 229–30
coral reef building  66
Coral Reef Finfish Fishery  121, 125
coral reef fishes
 abundance  33–5, 63
 recruitment  30, 66
coral reef habitats (resilience case study)  227–30
 coral recovery following disturbance  25, 213,  

 227, 229–30
 evidence for recovery or decline  228–30
 management  227–8
coral reef islands  22, 42
coral reefs
 climate change impacts  31–2, 90, 161–7, 228
 crown-of-thorns starfish outbreaks  24–5, 31,  

 74–5, 179, 212
 cyclone impacts  24–5, 51, 78, 229
 damage through recreational use  133
 disturbance impacts  228–30
 habitat  24–5
 shifting baselines  19–20
coral reproduction, suspended sediment effects  180
coral trout  63, 117, 121, 126, 231–2
 abundance and live coral cover  232
 diseases  73–4
 evidence for recovery or decline  231–3
 impact of increased sea temperatures on  233
 larvae  67
 management  124–5, 232
 resilience (case study)  231–3
coral–zooxanthellae symbiosis  31, 61, 64
corallivorous fishes  33, 44
corals  31–2
 calcification rate decline  66, 89, 165
 growth forms  31
 interaction with macroalgae  62, 66–7
 recruitment and recovery  32, 64–5
 sea temperature effects  56, 82, 89, 162, 165–6,  

 228, 290, 294
 susceptibility to disturbances  31–2, 166, 228
crab fisheries  122, 129
crocodile populations  38
Crocodylus porosus  38

crown-of-thorns starfish
 causes of outbreaks  75, 179,
 connectivity  67, 75
 control program  74, 75, 212–3
 culling vessel operations  213
 detection  160
 juvenile and adult  74
 outbreaks  24–5, 31, 74–5, 179, 212
 predation on  75
cruise ship anchorages  141–3, 146
cruise ships  141–3, 145
crustose coralline algae  30–1, 60, 66, 74, 79
CSIRO  53, 55, 162, 208, 217
cultural practices, observances, customs and lore 

(Indigenous heritage values)  91–2, 237–8
currents  v, 50–1, 67, 163, 167, 251, 277, 283, 287, 

289, 291
Curtis Island  22, 37, 97, 140
cyclone Debbie
 impact on Double Cone Island  25, 51
 impact on Whitsundays  22–4, 51, 88, 112–3,  

 153, 229
cyclone Marcia
 impact on coral reefs  229
 impact on mangrove forests  22–3
cyclone Yasi
 impact on coral reefs  229
 impact on wreck Foam  239
 impact on seagrass  37
cyclones
 and ecosystem change  51–2
 frequency  164
 impact on coral reefs  24, 25, 51, 229
 number and severity  51
 and wave exposure  26, 228

Daydream Island Resort  170
deep-water elasmobranch species  35, 128, 230
deep-water seagrasses  23
deepwater eastern king prawn fishery  28, 230
defence activities  115–6, 153, 182, 201, 222
 assessment of existing protection and   

 management measures  201
 benefits  115–6
 current condition and trends  115
 impacts  116
 management  115
deforestation  53, 70
Dent Island lightstation  96, 214
Department of Defence  97, 115–6, 176, 201
Department of the Environment and Energy  195, 

206–7, 216
Dickson Inlet (Cairns), inshore coral reefs over time  

19–20
diffuse source land-based run-off  168, 171
direct use
 environmental regulation  216, 230, 266–7
 impact on the Region’s values  114–6, 123,  

 126–9, 139–40, 145–7, 150, 182–4
 implications for regional communities  184
 managing  112–3, 117–23, 130–2, 134, 136–8,  

 140, 148, 200–7
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 trends  182–3
 vulnerability of the Region’s ecosystem to  183–4
discarded species  127–8, 283
diseases  61, 73, 284, 289, 294
 in corals  31, 33, 39, 58, 74
 in fish species  33, 61, 73–4
 in marine turtles  74
 outbreaks  73–5, 81, 183, 212–3
dissolved inorganic nitrogen catchment loads  58–9, 

172–3, 179
dissolved inorganic nutrients  179–80
dissolved organic carbon  58, 173
dive-based harvest fisheries  118, 122–3
diving, impacts on the Reef  114, 133, 251, 283,  

287, 291
dolphins  39–40
 species and condition  40
 threats  40, 184, 290, 295
Double Cone Island, pre- and post-cyclone Debbie  25
Douglas Shoal
 remediation following 2010 ship grounding  147
 Shen Neng I grounding  145–7
dredge material, disposal 136, 139–40, 184, 283, 288
dredging  26, 136–8, 152, 180, 184
 impacts  139–40, 152, 173, 180, 184, 288, 292
dredging volumes  137
drivers of change  158
 economic growth  158–9
 population growth  160
 societal attitudes  161
 technological development  160
drones  160, 269, 251, 285, 290
Drupella snails outbreaks  31, 74, 77
dugongs (Dugong dugon)  v, 40–1, 97, 235
 abundance and distribution  40–1, 235
 evidence for recovery or decline  18, 44, 235
 hunting by Traditional Owners  92, 149, 150, 288
 illegal poaching  235
 management  149, 235
 threats  128, 184, 235, 288, 290 
 urban coast (resilience case study)  v, 235, 242
dwarf minke whales  39

Earth’s evolutionary history  89
East Asian – Australasian Flyway  39
East Australian Current  50–1, 163, 167, 251, 287
East Coast Inshore Fishery  35–6, 120
East Coast Otter Trawl Fishery  120
 discards  32, 127, 283
 impact  28, 35, 127, 288, 287
 management  124, 129
ecological and biological processes (outstanding 

universal value criterion ix)  89, 103, 277, 279
ecological processes
 assessment statements  79–80
 current conditions and trends  61–8
ecological values, impacts on the Region’s values  

166, 186–7
ecologically sustainable management of fisheries  

124–5
economic contribution of commercial and non-

commercial uses  vi, 110–1, 151–2

 fishing  111, 126
 ports  138–9
 recreation (excluding fishing)  111, 132
 research and educational activities  111, 135
 shipping  144–5
 tourism  110–1, 113, 159
economic growth/economic activity, Queensland  

158–9
economic values, impacts on the Region’s values  

157–9, 187–8
ecosystem health  v, 49–82
 assessment criteria  49–50
 assessment summary  78–81
 background  49–50
 chemical processes  58–60, 79–80
 coastal ecosystems that support the Region’s  

 values  68–73, 80
 ecological processes  61–8, 79
 outbreaks of disease, introduced species and  

 pest species  73–7, 81
 overall summary  82
 physical processes  50–7, 78
ecosystem resilience  167, 225–236
 assessment summary  240–1
 case studies  226–36
ecosystems
 outlook for Region’s ecosystems  270
 risks to the Region’s ecosystems  248–52,  

 255–6, 287–90
educational activities see research and educational 

activities
El Niño events  50, 164
 and currents  50
El Niño–Southern Oscillation
 and freshwater inflow  52
 and inter-annual climate variability  164
 and mass coral bleaching  164
emperors  75, 117, 121, 126
employment levels, through commercial and non-

commercial use  110, 135, 138
engagement  197, 216–7, 266
 see also stakeholder engagement
Enhalus (seagrass)  30
Environment Protection and Biodiversity 

Conservation Act 1999  194–5, 215–6, 280
 Commonwealth Heritage List  95
 ecologically sustainable management of fisheries   

 35, 124
 listed threatened and endangered species (Cth)   

 29, 35, 233
Environment Protection (Sea Dumping) Act 1981 

(Cth)  114, 136
Environmental Protection (Chain of Responsibility) 

Amendment Act 2016 (Qld)  210
Environmental Protection (Water) Policy 2009 (Qld)  

210
environmental regulation  197, 215–6, 266–7
erosion prone areas  210
estuarine crocodiles  38, 44, 278
executive summary  v–vi
existing protection and management  193–222
 assessing protection and management 
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measures  198–200
assessment of existing protection and management 

measures  200–15
assessment of management approaches  215–7
assessment summary  218–22
 achievement of outcomes  220
 delivery of outputs  220
 financial, staffing and information inputs  219
 management systems and processes  219
 planning  218
 understanding of context  218
background  193
 focus on management  196
 management approaches and tools  197–8
 roles and responsibilities  193–5
 scale and complexity  197
 overall summary  221–2
exotic species  75, 146, 184, 283, 288, 292
Eye on the Reef program  132, 208, 215, 217

factors influencing the Region’s values  157–89
 assessment summary  186–8
 climate change  161–7, 189
 coastal development in the Catchment  167–71
 direct use  182–4
 drivers of change  158–61
 land-based run-off  171–82
 overall summary  189
 vulnerability of heritage values to influencing  

 factors  185
firefighting foams  116, 176, 290
fish herbivores  62–3, 283, 288
fish spawning aggregations  128, 288
fish species, stock status  126, 202
Fisheries Act 1994 (Qld)  123–4, 202
fisheries management  vi, 121–5, 152, 202–3, 216
 vessel tracking technology use  125, 129, 202,  

 216, 267, 269
Fisheries Queensland  120, 125
Fisheries Regulation 2008 (Qld)  120, 125
fishery and border protection patrols  115
fishing  117–34, 182–3, 221
 assessment of existing protection and   

 management measures  202–3
 benefits  126
 current condition and trends  117–26
 illegal  35, 126, 129, 150, 182, 184, 202–203,  

 216, 232, 252, 256, 293
 impacts  126–9, 184, 252, 256
 see also commercial fishing; recreational fishing
fishing stakeholders  202
Fitzroy Island (Cairns), inshore coral reefs over time  

19–20
Fitzroy NRM
 agricultural land management practices  159,  

 168, 173, 178 
 freshwater inflows  52
 macroalgae abundance  31
 rainforest clearing  73
 remnant woodlands and forests ecosystem  72
 restrictions on riparian clearing  210
flatback turtles  37

flood events  53, 228
 and nutrient loads  59
 and sediment exposure  53, 55
floodplain wetlands  71
Foam (shipwreck) on Myrmidon Reef  98, 239
food chains  58, 61, 126, 181, 231–3, 240
forested floodplains  71
forests  72–3, 76
 see also mangrove forests
freshwater inflow  52, 78
 2019 event  53
freshwater wetlands  71

garbage disposal (from ships)  144–5
Geoffrey Bay (Magnetic Island), inshore coral reefs  

over time  19–20
glacial and interglacial periods  89, 93–4, 277
Gladstone (port)  43, 136, 138, 144
Gladstone Channel, grounding  145
global warming  24, 26 161–3, 226, 230, 271, 228
 and coral bleaching  31–2, 228
 and feminisation of turtle populations  66, 
  165, 264
 impact on invertebrates  32
 and increased disease  74
 and sea-level rise  55, 165
 see also climate change; thermal stress
goat eradication  76
Goold Island  5
Gothenburg (SS) (shipwreck)  98, 101
grass and sedgelands  72
Great Barrier Reef
 on National Heritage List  86
 as socially significant natural environment  100–1
 on World Heritage List  6, 86, 264
Great Barrier Reef and Torres Strait Vessel Traffic 

Service  142
Great Barrier Reef Biodiversity Conservation 

Strategy (Biodiversity Conservation Strategy)   
 212, 216

Great Barrier Reef Blueprint for Resilience (Reef 
Blueprint)  vi, 207, 208–9, 212–14, 217, 227,  
 266, 267–8

Great Barrier Reef Catchment  4, 5, 12, 68
 changes in vegetation extent of coastal   

 ecosystems  69
 coastal development  167–71
 woody vegetation clearing rates  70
Great Barrier Reef Coast Marine Park (Queensland)   

6, 148, 193, 211, 194,
Great Barrier Reef Intergovernmental Agreement 

2015  194, 214, 216
Great Barrier Reef Island Resorts Rejuvenation 

Program  113
Great Barrier Reef Marine Park  4–5, 
 ‘management areas’  12
Great Barrier Reef Marine Park Act 1975  iii, 3, 85, 

124, 149, 193, 273
 assessment of the commercial and 
  non-commercial use  107–54
 assessment of the current biodiversity  17, 45
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 assessment of the current health of the 
ecosystem  48–82

 assessment of the current resilience of the  
 ecosystem  225–42

 assessment of existing measures to protect and  
 manage the ecosystem  193–221

 assessment of the factors influencing the  
 Region’s values  157–89

 assessment of the long-term outlook for the  
 ecosystem  261–71

 assessment of the risks to the ecosystem   
 245–57

Great Barrier Reef Outlook Report requirements  273
Great Barrier Reef Marine Park Authority
 Aboriginal and Torres Strait Islander Heritage  

 Strategy for the Great Barrier Reef Marine  
 Park  92, 214, 236

 and climate change  208, 216, 
 engagement and disengagement  216–7
 issue joint permits with Queensland Government   

 216
 jurisdictional boundaries  193–5
 preparation of the Outlook Report  3, 12
 tourism management programs  112–3, 200–1
Great Barrier Reef Marine Park Authority Board   

113, 149
Great Barrier Reef Marine Park Commonwealth 

Heritage Listed Places and Properties Heritage  
Strategy 2018–21  95

Great Barrier Reef Marine Park Regulations 1983 
(repealed)  100, 125, 134, 138, 144, 273–5

 assessment of the current heritage values   
 85, 102

 assessment of the current resilience of the  
 heritage values  225, 240

 assessment of the existing measures to protect  
 and manage the heritage values  193, 218

 assessment of the factors influencing the current  
 and projected future heritage values   
 157, 186

 assessment of the long-term outlook for the  
 heritage values  261, 270

 assessment of the risks to the heritage values   
 245, 255

Great Barrier Reef Marine Park Zoning Plan 2003  
90, 112, 115, 120, 124, 129, 131, 134, 142,  
149, 197, 203–5, 211, 216, 266

Great Barrier Reef Ministerial Forum  207
Great Barrier Reef Region  3–5
 future pathways  264–5
 jurisdictional boundaries  6, 193–5
 managing to protect the Region’s values  211–5
 prospects for outstanding universal value  264–6
 risks to the Region’s values  245–57
 species diversity  29
Great Barrier Reef Region Strategic Assessment   

276, 211
Great Barrier Reef Water Quality Guideline values   

173, 176
Great Barrier Reef World Heritage vi, 4, 5, 68, 85–90, 

101, 106, 113, 120, 194
 dredging  136, 137

 integrity test  90, 279–80
 ports  135–40
 trawl fishing in  120
Great Keppel Island
 proposed development  170
 Woppaburra Traditional Owners  93, 94, 185
Green Island  76, 92, 134
green turtles  v, 36, 66, 97, 149, 191, 288, 292
greenhouse gas emission reduction  160, 163
 from international shipping  141
groundings  114, 133, 145, 146, 184, 206, 251–2, 

288, 292
grouper  117
Guidelines for Managing Research in the Great 

Barrier Reef Marine Park  134, 205
Guidelines: Permit applications for restoration/

adaptation projects to improve resilience of 
habitats in the Great Barrier Reef Marine Park  
134

gully erosion  72, 170

habitat destruction  32
habitats
 of the Reef’s coastal and marine ecosystems  18
 and resilience capability under climate change   

 166–167
 threats from broad-scale impacts of climate  

 change  21, 166
habitats for conservation of biodiversity (outstanding 

universal value criterion x)  90, 278–9
habitats to support species
 assessment statements  42–3
 current conditions and trends  21–8
Halimeda banks  21, 26–7, 43
 extent in Ribbon Reefs  27
 habitat  26–7
Halodule  30
Halophila  30
 tricostata  30
hammerhead sharks  35, 120, 125, 127
hard coral cover  24–5, 212, 228–9, 232
hard corals  24–25, 31
Havannah Reef (Townsville)  227
hawksbill turtles  37, 90, 97, 144
Hay Point (port)  136, 137, 138, 143, 144, 145, 176
healthy waters management plans  210
heath and shrublands  69, 72, 80, 276
herald petrel  38
herbicides  52, 174, 181
herbivores  40, 62, 283
 functional redundancy  62
herbivory  62–3
heritage resilience  236–239
 assessment summary  241
 case studies  237–9
heritage values  v, 85–106, 274–280
 aesthetic heritage values  86, 101, 105
 assessment summary  102–5
 background  85
 environmental regulation  267
 historic heritage values  95–9, 104
 impacts on the Region’s  157, 187, 246–251
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 Indigenous heritage values  85, 91–5, 103–4
 managing to protect the Region’s values  214–15
 natural heritage values  86–90, 102–3
 other heritage values  100–2, 105
 outlook  262, 270
 overall summary  106
 risks to Region’s heritage values  246, 248–251,  

 255–6, 291–5
 scientific heritage values  101–2, 105
 scope of assessment  85, 274
 social heritage values  100–1, 105
 structure of assessment – comparison between  

 Outlook Reports  86
 vulnerability to influencing factors  185
Heron Island Research Station  67, 134–135, 205, 181
High Standard Tourism Operator program  113, 114, 

201
highest risk threats  249–50
Hinchinbrook Plan of Management 2004  201, 216
 Commonwealth heritage value  95–7, 104,  

 237–8
 environmental regulation  267
 historic voyages and shipwrecks  98, 239
 other historic lightstations and lighthouses   

 97–8, 105
 other places of historic significance  99, 105
 vulnerability to influencing factors  185
 World War II features and sites  99
historic shipwrecks  98, 101, 105, 132, 214–15,  

236, 239
Historic Shipwrecks Act 1976 (Cth)  98, 215
historic significance of people  99
Holocene reefs  89
Holothuria whitmaei  230
hook and line fisheries  118, 121
humpback whales  v, 39, 97, 145, 185, 276
 evidence for recovery or decline  236
 management  236
 population  39, 236
 resilience (case study)  236, 241–2
 threats  185, 236, 290
hunting, by Traditional Owners  92, 148–9, 150, 235, 

288, 292
Hydrographers Passage  141
hydrographic surveys  115
hyper-salinisation of coastal habitat  165

illegal activities  94, 239, 249, 251, 284, 289, 293
illegal fishing  129, 182, 184, 202–3, 216, 232
 and poaching  38, 129, 150, 249, 251, 289,  

293,
incompatible uses  114, 133, 183, 284, 293
Indigenous Compliance Officers  214
Indigenous heritage values  85, 91–5, 103–4. 291–5
 assessment statements  103–4
 cultural practices, observances, customs and  

 lore  91–2
 resilience  237–8
environmental regulation  267
Indigenous structures, technology, tools and 

archaeology  95
natural components inseparable from Indigenous 

cultural identity  91
protection of the Region’s values  214–15
sacred sites, sites of particular significance and places 

important for cultural tradition  93–4
stories, songlines, totems and languages  94
validated through Strong Peoples – Strong Country  

 (The Aboriginal and Torres Strait Islander  
 Heritage Strategy)  92, 214

 vulnerability to influencing factors  185
Indigenous Land and Sea Ranger Programs  214
Indigenous Land Use Agreement  148, 153, 206
Indigenous rangers  149, 213, 235
Indigenous Reef Advisory Committee  149, 216
Indo-Pacific bottlenose dolphin  40
industrial development  169
industry groups  195
inshore reefs
 macroalgae abundance  31
 water quality  28
inshore seagrass abundance and condition  23
integrated monitoring and reporting program see Reef 

2050 Integrated Monitoring and Reporting 
Program (RIMReP)

integrity of the GBRWHA  90
 integrity test  279–80
interactions between different recreational users  133
International Convention for the Prevention of Pollution 

from Ships (MARPOL) Annex IV and V  144
International Maritime Organization  141, 142
International Whaling Commission  145
introduced species  75–6, 81, 134, 184
invasive plants  22
invertebrates
 climate change effects  32
 condition and trends  33
 species diversity  32
irukandji jellyfish  77
island development  170
island vistas  88, 101
islands habitat  21–2
 restoration  21
IUCN Green List of Protected and Conserved Areas 

Programme  200

John Brewer Reef
 COTS culling operation  213
 World War II dump site  201
jurisdictional boundaries  6, 193–5

Keppel Island group
 Indigenous heritage  95
 Woppaburra Traditional Owners  93, 94, 214
knowledge, integration and innovation  197, 199, 215, 

217, 268–9
Kuku Yalanji Traditional Owners  96

La Niña events  164
 and currents  50
 and cyclones  51
Lady Elliot Island lightstation  96–7
lagoon floor habitats  25–6
 evidence for recovery or decline  230
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 management  230
 resilience (case study)  230
 trawling impacts  128, 184, 230
Lama Lama people, Princess Charlotte Bay, case 

study  237–8, 241
Land and Sea Country Partnerships Program  148, 

213
Land and Sea Rangers  214
land-based run-off
 assessment of existing protection and   

 management measures  210–11
 diffuse source  168, 171
 environmental regulation  267
 from agricultural land use  168, 173, 174, 180
 impact on lagoon floor  26, 230
 impact on the Region’s values  171–82
 impact on seagrass meadows  23
 impact on water column  28
 impact on water quality  171–92, 210–11,  

 221, 271
 implications for regional communities  182
 planning approaches  210
 point source  171
 trends  172–8
 vulnerability of the Region’s ecosystem to   

 179–82
land clearing  18, 52, 69, 70, 170, 210
land reclamation  138, 139
Land Restoration Fund  167
land use, Catchment  167–71
land-derived nutrient inputs  58
launch facilities  134, 170
legacy human use impacts  18
Letter of Transmittal  iii
level of likely risk to the Region’s ecosystem  249
light availability  57, 139, 180
light pollution  37, 139–40, 144, 146, 169, 183, 233
lightstations and lighthouses
 assessment statement  105
 Commonwealth heritage listed  95–7, 241
 evidence for recovery or decline  238–9
 management  238
 other historic  96, 97–8
 protection  214
 resilience  238–9
likelihood and consequence of threats to the Region’s 

values  286
linear infrastructure  169
liquified natural gas (LNG) production  141
Lizard Island
 Indigenous heritage components  95
 research station  135, 205
Llewellyn (SS) (shipwreck)  98
local government  195, 207–8
Local Marine Advisory Committees  202, 205, 210, 

215, 217, 234, 266
loggerhead turtles  37, 97, 181
 evidence for recovery or decline  233–4
 Low Glow collaboration project  234
 management  233
 nesting sites  233
 pressures and threats  233
 resilience (case study)  233–4

 Woongara coast  233, 234
long-term outlook  vi, 261–71
 assessment summary  270
 background  261–3
 current and future initiatives to improve  266–9
 likely future trends  264
 possible long-term futures for the Region  264
 prospects for the outstanding universal value  

 of the GBRWHA  264–6
 overall summary  271
Low Island and Low Islets lightstation  96
Low Isles
 research station  134
 scientific study, 1928–29  102
Lucinda (port)  136

Mackay (port)  136, 137, 144
Mackay–Capricorn Management Area, crown-of-

thorns starfish outbreaks  75
Mackay–Whitsunday NRM
 agricultural land management practices  178
 coastal development  167, 168
 dissolved inorganic nutrients  180
 freshwater inflows  52–53
 grass and sedgeland loss  72
 macroalgae abundance  31
 rainforest ecosystems  73
 waterway barriers to flow  169
macroalgae
 abundance  30–1, 61–62
 fish removal of  62
 interaction with corals  66
Magnetic Island, shipwrecks around  98
mainland beaches  22, 42
Maintenance Dredging Strategy for Great Barrier 

Reef World Heritage Area Ports  138, 204, 267
major stages of the Earth’s evolutionary history 

(outstanding universal value criterion viii)  89
major trading ports  136–38, 144
management approaches and tools  197–8
management effectiveness indicators  281–2
management topics  196
 scale and complexity  197
managing direct use  200–7
managing external factors  207–11
Managing research in the Great Barrier Reef Marine 

Park  134, 205
managing to protect the Region’s values  211–15
Mandubarra Traditional Use of Marine Resources 

Agreement  148
mangrove forests  22
 coastal development effects  22
 cyclone impacts  22–3, 51
 dieback  165
 habitat  22–3
mangrove islands  21
mangrove jack  22, 68, 117, 120, 126
mangroves  62
 species and hybrids  29
marine access infrastructure  134, 170
marine and island national park management, 

expansion of capacity  268
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marine aquarium fish industry  122, 123
marine debris  22, 28, 38, 44, 66, 116, 129, 146–7, 

174–5, 181, 183, 293
 main sources  175, 181
 reduction initiatives  267
 types of single-use plastics  174
marine heatwaves  56, 162, 165
Marine Monitoring Program  53–4, 215
Marine Parks Act 2004 (Qld)  233
Marine Parks (Great Barrier Reef Coast) Zoning Plan 

2004  124
Marine Pest Prevention and Preparedness Project  

75
Marine Tourism Contingency Plan 2014  200
Marine Turtle Recovery Plan 2017–2027  150
marine turtles  36–7, 67, 97, 149, 181, 184
 conservation  233
 diseases  74
 hunting by Traditional Owners  150
 populations and population changes  36–7
 protection programs  150
 threats  37, 150
 see also specific types, e.g. loggerhead turtles
Maritime Border Command  195
Maritime Safety Queensland  140, 145–6, 195,  

204, 206
MARPOL Annexes IV and V  144
Martha Ridgway (shipwreck)  98
mass coral bleaching events  v, 21, 24–6, 25, 31–2, 

65, 161, 228, 229
 and El Niño–Southern Oscillation cycles  164
 impact on symbionts  64
Master Reef Guides program  113, 201
Megaptera novaeangliae  236
Mermaid (HMCS) (shipwreck)  98
meso-predators  63
mesophotic coral reefs  28
metal and metalloid pollutants  140, 175, 176, 181
microbes  33, 61
microbial processes  61
middens  93
Middle Reef (Magnetic Island), inshore coral reefs  

over time  19, 20
migrations  67
migratory shorebird species  39, 67
mining and resource activities  168–9, 158, 171,  

176, 210
minor ports  136
Mon Repos Beach, loggerhead turtle nesting beach  

233, 234
monitoring programs see Reef 2050 Integrated 

Monitoring and Reporting Program (RIMReP)
mud crabs  73, 94, 122
Myrmidon Reef, Foam (shipwreck)  98, 239

National Environmental Science Program projects  
208, 215, 216, 267

National Heritage List  86

national heritage value and world heritage value  
87–90, 102–3

Native Title Act 1993 (Cth)  149, 206

native title rights  149, 150, 206
natural beauty and natural phenomena (outstanding 

universal value criterion vii)  88
natural heritage values  v, 86–90
 ecological and biological processes  89
 environmental regulation  267
 habitats for conservation of biodiversity  90
 integrity  90
 major stages of the Earth’s evolutionary  

 history  89
 natural beauty and natural phenomena  88
 world heritage value and national heritage value   

 87–90, 102–3
Nature Conservation Act 1992 (Qld)  195, 233
Nest to Ocean Turtle Protection Program  150
net fisheries  117–8
net-free commercial fishing zones  124
no-take and no-entry zones
 benefits of and importance of compliance  203
 impact on fish larvae populations  67
 impact on recruitment of fish species  66
 poaching in  129, 184,202
noise pollution  140
non-Halimeda shoals  26
non-migratory shorebird species  39
North-East Shipping Management Plan  145, 206, 

267
North Queensland Current  50
North Reef lightstation  97
nutrient cycling  58–9, 61, 62
nutrient loads  58
 and fleshy macroalgae  61
 in land-based run-off  172–3, 179, 211
 and primary production  62

ocean acidification (ocean pH)  28, 32, 60, 66, 67, 
161, 163, 165

ocean chemistry  163
ocean currents  50–1, 67, 163, 167
ocean salinity  60
ocean warming  21, 163, 171
offences
 by recreational fishers  129, 202
 by tourism operators  115
 commercial fisheries  129
oil spills  116, 145, 184
olive ridley turtle  37
One Tree Island, research station  134
Opal Reef, before, during and after the 2016 mass 

bleaching event  25
Operational Guidelines for Implementation of the 

World Heritage Convention  87
Orcaella heinsohni  40
Orpheus Island, research station  134–5, 205
otter trawl fishery  35, 119–20
outbreaks
 crown-of-thorns starfish  24–25, 31, 58, 74–5,  

 179, 212–13, 229
 diseases  73–4, 81, 183
 Drupella snails  31, 74, 77
 irukandji jellyfish  77
Trichodesmium (blue–green algae)  77
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outcomes of risk assessment  247–54
 community views  247–8
 cumulative impacts  253–4
 effectiveness of threat management  252–3
 highest risk threats  249
 level of likely risk  249
 sources, scale and timing  249
 trends in risks to the Region’s values  251–2
Outlook Report 2009  3, 17, 63, 70, 127, 193, 199, 

205, 226, 235, 245
Outlook Report 2014  3, 17, 27, 28, 52, 63, 69, 70,  

 76, 118, 122, 123, 125, 147, 160, 161, 193,  
 194, 199, 201, 204, 207, 221, 226, 235,  
 238, 245, 268

 structure of heritage values assessment  86
 threats to the Region’s values, comparison with 

2019 Outlook Report  283–5
Outlook Report 2019
 assessment approach  8–11
 assessments within the  7
 background  3
 complementary assessments linking the Report  

 to Reef’s outstanding universal values  276–8
 development  12
 evidence used  11
 key changes since the Outlook Report 2014   

 275
 scope  3–6
 statutory requirements  273–4
 structure  6–7
 terminology  11–12
 threats to the Region’s values, comparison with  

 2014 Outlook Report  283–5
outstanding universal value  13, 17, 86, 264
 complementary assessments — linking the  

 2019 Outlook Report to the Reef’s   
 outstanding universal values  276–8

 ecological and biological processes  
 (criterion ix)  89

 habitats for conservation of biodiversity 
  (criterion x)  90
major stages of the Earth’s evolutionary history  

 (criterion viii)  89
natural beauty and natural phenomena (criterion vii)  88
 property pillars  87–90
 prospects for the GBRWHA  264–6
overfishing
 invertebrates  32, 127
 reef fish species  35, 63, 66, 77, 121, 126

Paddock to Reef Integrated Monitoring, Modelling and 
Reporting Program  172, 211, 217

Palm Passage  141
Pandora (HMS) (shipwreck)  98
Paris Climate Change Agreement  162, 207
Parks Australia  195
parrotfish  63
 monitoring  34, 35
particle feeding  61, 79, 82, 127
partners in management of the Region  195, 214
partnership and stewardship arrangements  vi, 217
 see also Eye on the Reef program; Local Marine 

 Advisory Committees; Reef 2050 Water Quality 
Improvement Program 2017–2022; Reef 
Advisory Committees; Reef Guardian program; 
Traditional Owners

partnerships with managing agencies and research 
providers  217

pathogenic microbes  61
pearl perch  121, 128, 202
pelagic fishes  33, 63
per- and poly-fluoroalkyl substances (PFAS)  116, 176, 
permissions system, commercial marine tourism  200
permits  113–114, 124, 134, 200, 205, 216
pest species  73, 75–6, 81, 146, 184
pesticides, in land-based run-off  28, 171–2174, 

179–182, 211
pharmaceuticals and personal care products  175
phosphorus loads  169, 173
photosynthesis  30, 57, 62, 180
photosystem II (PSII) herbicides  174, 181
physical damage
 to habitats  135, 165
 to reefs  114
 to seabed and reef habitats  128, 184, 239
physical processes
 assessment statements  78
 current conditions and trends  50–7
phytoplankton  27, 33, 53, 58, 62, 179
pigeye shark  35, 120
pikey bream  117
pilotage  142
Pine Islet lightstation  97, 238, 242
Pisonia forest ecosystem restoration  21, 76
plankton  28, 33, 61
 see also phytoplankton; zooplankton
Planning Act 2016 (Qld)  195, 209, 221
plans of management  112, 131, 201, 204, 216, 266
plant pests  22, 75
plastic remnants  147, 174–5, 181, 183
plate corals  229
Plectropomus
 laevis  231
 leopardus  231
 maculatus  231
poaching  129, 150, 184, 235, 240, 251–2
Pocillopora corals  31, 32, 64
point source land-based run-off  171
pollutants
 agricultural  52, 167–8, 173, 174, 180–1
 bioaccumulation  181–2
 chemical  116, 145, 175, 182, 183, 184
 coal dust contamination  140, 171
 from land-based run-off  171, 174, 175, 179
 metals and metalloids  140, 175, 176, 181
 oil spills  116, 145, 184
 pesticides  174, 180–1, 211
 see also marine debris
pollution
 atmospheric  171
 from modifying coastal ecosystems  170–1
 light  140, 145, 171, 183–4, 169, 233, 234
 noise  139–40
 tourists perceive it as major threat to the Reef   

 101
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Pompey Complex (off Mackay)  63, 229
pontoons  114, 170, 200
population growth, Catchment  129, 160
populations of species and groups of species
 assessment statements  20, 43–4, 150
 current conditions and trends  29–41
Port Alma (Rockhampton) (port)  136
Port Douglas  138
ports  135–40, 153, 176, 182, 183, 204, 221
 assessment of existing protection and   

 management measures  204
 benefits  138–9
 current condition and trends  136–8
 definition  136
 development  169
 dredging  135–136, 137, 138–139, 184
 impacts  139–40
 management  vi, 138, 136
 in the Marine Park  136, 138
 marine pest surveillance and monitoring  75
 see also specific ports, e.g. Cairns (port)
pot fisheries  118, 122
potterydevelopment by Aboriginal people  95
prawn fisheries  127, 230
predation  63, 75
predators  35, 38, 63, 126
 fishing effort  126
primary production  61–2
Prince of Wales Channel  141
Princess Charlotte Bay  37, 93–4, 123, 170
 coral reef decline  229, 227–229
 Lama Lama people, case study  237–8, 242
priority ports  136, 138–139
prospects for the outstanding universal value of the 

GBRWHA  264–267
Pterodroma heraldica  38
public moorings  131, 204, 227, 267

QCoast 2100  207
Queensland’s economic activity  158–9
Queensland Boating and Fisheries Patrol  195, 202, 

204
Queensland Climate Adaptation Strategy  207, 208, 

267
Queensland Climate Change Response  207–208
Queensland Climate Transition Strategy  207, 267
Queensland Department of Agriculture and Fisheries  

125
Queensland Department of Environment and Science  

195
Queensland East Coast Bêche-de-mer Fishery  230
Queensland Government
 bilateral agreement with Australian Government   

 216
 jurisdictional   3–5, 12, 21, 136, 193–5
 Office of Climate Change  207
Queensland Marine Turtle Conservation Strategy  

233

Queensland Parks and Wildlife Service  112, 134, 194, 
195, 200, 201, 204, 205

Queensland shark control program  36, 63, 123, 127
 other species caught  127, 235

Queensland State Planning Policy  209
Queensland Sustainable Fisheries Strategy 2017–

2027  vi, 118, 129, 125, 153, 202, 216, 221, 
235, 251, 253

Queensland Water Police  204
Quintell Beach (port)  135–137

Raine Island  21–22, 38, 89, 205, 276, 278
 green turtles  36, 66, 165
 Martha Ridgway (shipwreck)  98
Raine Island Recovery Project  268
rainforests  73
Ramsar wetland sites  39, 97
Recovery Plan for Marine Turtles in Australia 

2017–2027  233
Recreation Management Strategy for the Great 

Barrier Reef Marine Park 2012  204, 205, 216
recreation (not including fishing)  130–4, 183
 assessment of existing protection and   

 management measures  204–5
 benefits  132
 current condition and trends  130–2
 impacts  132–4
 management  131–2
recreational fishers
 offences by  124, 129, 203
 proportion of catch released  128
recreational fishing  17, 202
 benefits  126
 illegal  129, 216, 232
 impacts  38–39, 128
 top species caught and kept  117, 120
recreational use (including fishing), economic 

contribution to Australian economy  110, 111
recreational users, contribution to long-term protection 

and management of the Region’s values  132
recreational vessels  131
groundings  133
number registered and population in the  

Catchment  130
recruitment  64–6, 277
 coral reef fishes  66
 corals  25, 32, 64, 65, 227
 green turtles  66
 loggerhead turtles  37, 233–234
 seabird species  66
Reef 2050 Insights Report  193, 200
Reef 2050 Integrated Monitoring and Reporting 

Program (RIMReP)  vi, 92, 134, 208, 211, 217,  
 227, 267, 269

 knowledge system components  269
Reef 2050 Long-Term Sustainability Plan (Reef 2050 

Plan)  v, 3, 13, 194, 206–208, 201, 214, 215, 
216, 233, 266, 267, 268

Reef 2050 Plan Investment Framework  13, 177–
178, 211, 216

Reef 2050 Water Quality Improvement Plan 2017– 
 2022 (Reef 2050 WQIP)  vi, 171–173, 210,  
 211, 217, 266, 267

 whole-of-Reef quality targets  172



GREAT BARRIER REEF l  OUTLOOK REPORT 2019 351

Reef Advisory Committees  210, 215, 217
Reef Blueprint  207, 208–9, 212–14, 217, 227, 266, 

267, 268
reef building  66
Reef Discovery Training course  113, 201
Reef geomorphological features  21, 89, 277
reef growth, evolutionary changes  89
Reef Guardian councils and schools  210, 234
Reef Guardian program  132, 205, 208, 215, 217
Reef Joint Field Management Program  124, 150, 202, 

213, 215, 216, 266, 268
reef protection markers (RPMs)  131, 227
Reef Restoration and Adaptation Program  213, 228, 

269
Reef Sentinel (Marine Park vessel)  203
Reef Water Quality Protection Plan 2013  71, 171
regional communities
 climate change implications  167
 coastal development implications  171
 direct use implications  184
 land-based run-off implications  182
Region’s ecosystem and heritage values
 long-term outlook  270
 risks to  vi, 255–6, 287–95
Region’s ecosystems
 vulnerability to climate change  165–7
 vulnerability to coastal development  170–1
 vulnerability to direct use  183–4
 vulnerability of heritage values to influencing  

 factors  185
 vulnerability to land-based run-off  179–82
Region’s values
 factors influencing the  157–89
 impact of climate change on  161–7, 189
 impact of coastal development on  167–71, 189
 impact of direct use on  182–4
 impact of land-based run-off on  171–82
 managing to protect biodiversity values  211–13
 managing to protect heritage values  214–15
 risks to  245–57
 threats to, comparison between 2019 Outlook  

 Report and 2014 Outlook Report  283–5
renewable energy projects  160
reporting and evaluation  217
research and educational activities  134–5, 183
 assessment of existing protection and   

 management measures  205–6
 benefits  135
 economic contribution to Australian economy   

 110, 111, 135
 impacts  135
 management  134
research stations  134–135, 205
resilience  225–239
 assessment summary  240–1
 background  225
 ecosystem resilience  167, 226–36, 240–1
 heritage resilience  236–9, 241
 overall summary  242
resuspension of sediments  55, 139, 142, 145–146, 

183, 252 

Ribbon Reefs  89
 canyons  28
 crustose coralline algae  30–31, 60, 66
risks to the Region’s values  245–57
 assessment approach  245–246, 286
 assessment summary  255–6
 Region’s ecosystems and heritage values  vi,  

 255–6, 287–95
 background  245
 identifying and assessing the threats  245–6
 information on community views  246
 outcomes of risk assessment  247–54
 overall summary  257
Rocky Reef Fishery  121

sacred sites, sites of particular significance and places 
important for cultural tradition (Indigenous 
heritage value)  93–4

salinity  60
saltmarshes  71
Sargassum  30
sawfish  35–36
scale insect pests  76
scallops   32, 120, 127
 saucer scallop fishery  32, 120
scalloped hammerhead shark  35, 90, 125
Science Strategy and Information Needs 2014–2019  

205, 217, 268
Scientific Consensus Statement 2017   171, 210–11
scientific heritage values  101–2, 105
scientific research activities  134–5
 economic contribution to Australian economy  

110, 111
Sea Country forums  208
sea cucumber fishery  32, 122, 230–1
sea snakes  124
 abundance and diversity  36
sea surface temperatures  56, 88–9, 1612,   

164, 226 
average warming for the Reef  163
 increases, and latitudinal shifts in species  

 distributions  165
 impact on coral reefs and coral-dependent  

 species  v, 165
 impact on coral trout  233
 impact on ecosystems  28, 56
 impact on estuarine crocodiles  38
 impact on inshore seagrass species  30
 impact on invertebrates  32
 increasing  161
sea-level rise  161, 163, 165
 impacts  55
sea-levels  55
 glacial and interglacial period  89, 94
seabirds
 populations and condition  38
 recruitment  66
seafloor, damage to  26, 128, 145, 184, 230
seagrass meadows  21, 30, 149
 climate change effects  24, 165
 habitat  23–4
 impact of dissolved inorganic nutrients and  
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 sediments  180
 recovery  24
seagrasses  62
 seawater temperature effects  30
 species diversity  30
seascapes  88, 101, 264
sedgelands  72
sediment exposure  28, 53–5
sediment loads, from land-based run-off  173, 180, 

182
sewage discharge  114, 116, 143–4
sewage treatment plants  169
sharks and rays
 catch rates  120, 127
 overfishing  35, 63
 predation  63, 126
 Queensland shark control program  36, 63,  

 123, 127
 species richness and abundance  35–6
 vulnerable species  35
Shen Neng I grounding on Douglas Shoal  145, 147
shifting baselines  18–20
ship anchorages and anchoring  141, 142, 143, 145–6
ship safety inspections  143
shipping  140–7, 153, 183
 assessment of existing protection and   

 management measures  206
 benefits  144–5
 current condition and trends  140–4
 discharge of plastic and garbage into the sea   

 144, 145
 greenhouse gas emission reduction  141
 groundings and collisions  145, 146
 impacts  145–7
 incidents and near misses  145, 146, 147
 management  142–4
 number of ships visiting the Region  140–1
 sewage discharges  144
 vessel tracking system  125, 129, 206, 216, 269
 voyages through Reef entry passages and inner  

 route  142
shipping channels and ship movement patterns  141
shipwrecks, historic  98
 disturbance of sites  132
 management  214–15, 239
 resilience  239
shoals  26
Shoalwater and Corio Bays Area Ramsar wetland  97
Shoalwater Bay Military Training Area  39,95,  97,  

116, 201
shorebirds
 migratory  67
 populations and condition  39
shrublands  72
skates  35
snorkelling, impacts on the Reef  114
Social and Economic Long-Term Monitoring Program 

(SELTMP)  161, 208, 215, 217

social benefits of commercial and non-commercial 
uses  110–11, 113, 151–2

social heritage values  100–1, 105

social values, impacts on the Region’s  157, 188
societal attitudes  157, 161
soil erosion  53
sooty oystercatchers  39
Sousa sahulensis  40
South Equatorial Current  50
Spanish mackerel  19, 117
Spanish mackerel fishery  121
 catch rates  121, 202
 historical changes  19
spanner crabs  122
species
 habitats to support  21–8, 42–3
 latitudinal shifts with increasing temperatures   

 165, 167
 populations  29–41, 43–4
species of conservation concern, incidental catch of  

128, 184, 264
species diversity  17
 Region  29
Sphyrna lewini  35
spinner dolphin  40
staghorn corals  229
stakeholder engagement  205, 208, 210, 215–7,  

221, 266
stakeholders  v, vi, 12, 13, 150, 161, 182, 193, 195, 

201–2, 212, 216–8, 266, 268–9, 281–2
Stanage Bay, Defence activities  201
Statement of the Outstanding Universal Value of the 

Great Barrier Reef World Heritage Area  276
Stenella longirostris  40
stories, songlines, totems and languages (Indigenous 

heritage values)  94, 102
Strandings Hotline  132
stripey snapper larvae  67
Strong Peoples – Strong Country 92
superyachts  140, 142–3, 145, 204
surgeonfish, monitoring  34–5
suspended sediments  28, 53–4
 from dredging activities  139, 180, 230
 impact on coral reproduction  180
 impact on lagoon floor animals  230
 impact on particle feeders  61
 in land-based run-off  179–80, 211
Sustainable Fisheries Expert Panel  202, 231
Sustainable Fisheries Strategy 2017–2027 see 

Queensland Sustainable Fisheries Strategy 
2017–2027

Sustainable Ports Development Act 2015 (Qld)   
136, 138, 204, 267

Swain Reefs
 crown-of-thorns starfish outbreaks  24, 75, 229
 crustose coralline algae  31
symbiosis  32, 61, 64, 79

technological development  160
terrestrial discharge of stormwater, marine debris in  

169, 174–5, 181
terrestrial pests  75–6
Thalassia  30
thermal stress  228, 290, 294
 impact on competitive interactions  57, 67
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 impact on coral communities  28, 31, 56, 228
 impact on invertebrates  32–3, 240
 impact on marine ecosystems  26, 33, 36,  

 165, 240
 impact on symbioses  64
Threat Abatement Plan for the Impacts of Marine  

 Debris on the vertebrate wildlife of   
 Australia’s coasts and oceans  144

threat management, effectiveness of  252–3
threats
 assessment  246
 cumulative impacts  253–4
 highest risk threats  249–51
 identification  245, 283–5
 level of likely risk  249, 286, 287–95
 sources, scale and timing of  249
 to the Region, community views  247–8
 to the Region’s values
 comparison between 2019 Outlook Report  

 and 2014 Outlook Report  248, 283–5
 criteria for ranking likelihood and consequences  

 of  286
 trends in risks to the Region’s values  251–2
tidal works and tidal barrages  169–71
Torres Strait, Turtle and Dugong Hunting Management 

Plans  149
totems  94
tourism  101, 153
 economic contribution to Australian economy   

 110–1, 113
 economic contribution to Queensland economy   

 159
 as threat to the Reef  101, 114–5
 see also commercial marine tourism
Tourism and Events Queensland  113
tourism operations, potential to displace other users  

114, 133, 183, 200, 284, 293
tourism operators  101, 113–4, 126
 offences  115
Tourism Reef Advisory Committee  113, 149
tourists
 impact on the Reef  114
 perception of threats to the Reef  101, 114,  

 161, 247
 satisfaction with their Reef experience  114
Townsville (port)  136–8, 143–4
Traditional Owners  v, vi, 13, 91–5, 193, 195, 266
 and climate change  208
 connection to sea country  v, 148, 150, 185,  

 213, 214, 236–7, 249
 cultural practices, observances, customs and  

 law  91–2, 96, 133, 161, 237–8
 foundational capacity gap  185, 284
 fragmentation of cultural knowledge  185, 292
 hunting  148–50
 illegal fishing and poaching  150
 impacts  149–50, 251, 292
 importance of biodiversity  17
 and Indigenous heritage value  91–5, 214, 237–8
 Indigenous structures, technology, tools and  

 archaeology  95, 133
 interactions with recreational users  133, 183

 lagoon floor importance to  26
 Land and Sea Country Partnership Program   

 148, 213
 monitoring sea country and recording cultural  

 heritage  160
 native title rights  149–50, 206
 partnering monitoring and natural resource  

 management programs relevant to traditional  
 use  148, 150, 205

 proposed Land and Sea Plans  214
 representatives on Marine Park Authority Boards  

 and Committees  149
 sacred sites, sites of particular significance and  

 places important for cultural tradition  26, 91,  
 93–4

 shoals importance to  26
 stories, songlines, totems and languages  91,  

 94, 102, 104
 traditional use of marine resources  148–53,  

 183, 206–8, 214, 216
 assessment of existing protection and   

 management measures  206–7
 benefits  150
 impacts  150
 management  148–9
Traditional Use of Marine Resources Agreements 

(TUMRAs)  148, 150, 153, 206–8, 214, 216, 
237, 267

Transport Infrastructure (Ports) Regulation 2016 (Qld)  
136

trawl fisheries  28, 35, 44, 118–120, 124, 127, 129, 
233 

 impacts  128, 184, 230
trends in risks to the Region’s values  251–2
Trichodesmium (blue–green algae) blooms  77, 81
Tridacna gigas  61
Trinity Inlet (Cairns), acid sulfate soils remediation  

170–1
tropical cyclones see cyclones
tropical rock lobster fishery  122–3
tropical snapper  117, 121, 202
turbidity  23, 28, 53, 57, 74, 139–40, 164, 180
turf algae  25, 30–1, 62–3
Tursiops aduncus  40
Turtle and Dugong Hunting Management Plans  149
turtle excluder devices  124, 233, 289, 291

underwater and above water surveillance technologies  
160, 269

underwater archaeological sites, protection  98–9, 
214, 215

Underwater Cultural Heritage Act 2018 (Cth)  98–9, 
215, 239

UNESCO
 outstanding universal value pillars  87
 World Heritage Area  87, 211
UNESCO Convention for the Protection of the 

Underwater Cultural Heritage  215
UNESCO World Heritage Committee  3, 138, 276
unexploded ordnance  116, 186, 201
unicorn fish  62
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United Nations Framework Convention on Climate 
Change, Paris Agreement  162, 207
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wildlife disturbance  135, 160, 184–5, 251, 285,  
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World Heritage List  6, 29, 86–7, 90, 264
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Yabulu nickel refinery, Townsville  210
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zoning
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 134, 203, 212, 216, 232
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